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THE ORIGIN OF MOTION. 


(1). Ir is an unquestionable fact that a strong feel- 
ing is growing up in the present age against the unsa- 
tisfactory theory of “‘ action at a distance,” a theory 
which, as Newton long ago pointed out in his cele- 
brated letters to Bentley, no one ‘‘ who has in phi- 
losophical matters a competent faculty of thinking,” 
can ever admit. 

Now it is obvious that when this theory of “ action 
at a distance” is finally abandoned, a physical agent 
will have to be looked to as concerned in the various 
physical phenomena, the movements and mutual 
actions of masses and molecules of matter, to which 
this theory of -‘‘ action at a distance” is at present 
applied. A physical agent will have to be looked 
to, for example, as the regulator of the complex me- 
chanical process taking place during the combustion 
of coal, a physical agent will have to be recognised 
as determining the vt (combination) of the 
molecules of coal and air: a light will have to be 
thrown on the mechanism by which waves of heat 
are developed at the approach of the molecules, on 
the cause why these molecules of coal and air are 
prevented from combining without initial heat, and on 
the cause why these molecules should be specially 
adapted to produce this effect and not the molecules 
of other substances, &c. The whole of this is at 
present surrounded with a mist of spiritualism, or 
the coal and air are assumed (according to the theory 
of “action at a distance”) to act upon one another 
and perform the complex operation termed ‘ com- 
bustion,” as it were spontaneously, or from some 
innate power which they themselves possess, Can 
it be reasonably said that a controlling physical 
agent is less essential to regulate the molecular me- 
chanism of the steam engine (the mechanism of the 
coal) than the mass mechanism: or can it reason- 
ably be inferred that because the moving parts of the 
molecular mechanism are on a small scale, something 
to regulate the movements is less essential, or can it 
be assumed that while the larger scale mass mecha- 
nism of the steam engine requires something to 
control its movements, the molecular mechanism 
not only does not require this, but has the addi- 
tional power of developing its own motion, There 
is an undoubted tendency—to be guarded against 
—that phenomena from their frequent repetition 
tend to excite less the spirit of inquiry than would 
otherwise be the fact, and phenomena really re- 
markable, from their frequent occurrence, become 
to be regarded rather as matters of course. Thus, 
for example, what can be more remarkable than 
the sudden development of motion and destructive 
effects witnessed in a gunpowder. explosion, yet 
it would be assumed that this motion in some 
mysterious way comes out of the gunpowder 
itself, and that no realisable explanation is re- 
quired of the effect. Before the discovery of the 
principles of acoustics musical instruments were 
put together, and great perfection attained by a 
system of trial and error, and after the principles 
were discovered and the regulating physical condi- 
tions recognised, reasons were found for results 
previously inexplicable: so in the case of gun- 
powder by a system of trial and error through cen- 
turies, without any guiding principle, a mixture of 
ingredients has been found through which an in- 
tense motive energy can be obtained ; yet it would 
be assumed in this case that no regulating physical 
conditions exist or are required to control the mole- 
cules in their motions, or to determine the fact why 
one mixture of materials should be better adapted 
than another ; but that it is merely an innate pro. 





perty of the materials themselves, or that these 
materials have a mysterious innate power of 
acting upon themselves, and developing their own 
motion, 

(2). The Problem as to the Physical Constitution of 
the Ether or the Physical Basis upon which its Qualities 
depend.—It is an accepted fact that the ether is an 
agent universally diffused, and pervading all matter. 
The ether, therefore, naturally presents itself as the 
physical agent concerned in the various movements 
and actions of molecules and masses of matter. 

The first idea in commencing to treat of the ether 
will probably be, that we are about to treat: of 
something vague and indefinite. We may there- 
fore ask the question : how is it that an agent which 
is recognised to be universally diffused and to per- 
vade and surround matter, is often dealt with in a 
vague and hesitating manner, indeed one even some- 
times comes across the expression, the ‘‘ hypothetical 
ether.” We may therefore ask first, on what 
ground an agent which is recognised to transmit 
waves (the waves of heat and light), the length of 
whieh waves has even been measured with the 
greatest accuracy, can have the term ‘“ hypo- 
thetical” applied to it? We can only ascribe this 
vague treatment and the disposition which one 
finds to avoid dealing with the ether, to the in- 
fluence of the theory of ‘‘ action at a distance ;” 
for firstly this theory would assume that all the 
movements and actions of the molecules and masses 
of matter which we witness around us on all sides, 
such as the motion developed in steam engines, 
animalg, the explosion of gunpowder, and the end- 
less molecular movements of chemical action can 
take place without a controlling physical agent. at 
all. Secondly, the mysterious properties with which 
this theory has endued the ether, in assuming it to 
be something abnormal and essentially different from 
ordinary matter, has no doubt contributed to en- 
gender a-distaste for what would otherwise be a 
rational and interesting study. For who cares to 
deal with the occult and mysterious? Thus the 
study of an agent serving the most practical pur- 
poses, an investigation into whose qualities might 
disclose great mechanical beauties, remains as it 
were a sealed book ; and an agent universally dif- 
fused and pervading all matter, and which conse- 
quently it would be natural and even necessary to 
assume, must be concerned in a most intimate 
manner with the movements and actions of matter, 
comes to be regarded much as a mysterious sort of 
non-substance, and asif it had no higher purpose in 
nature than that of transmitting waves. Moreover, 
it may be observed that a study not necessarily in 
itself abstruse may be made so by the application of 
a vague and occult theory. Thirdly, the fertility of 
resource which the theory of ‘‘ action at a distance” 
affords for the evolution of hypotheses naturally 
renders the attainment of fixed and fina] results in 
physical inquiry a practical impossibility, and this 
with the above causes may possibly account for the 
remarkable fact that no serious attempt appears to 
have been made to solve the problem as to the 
—_— constitution of the ether (or the physical 

asis upon which its qualities depend), this problem, 
by the rejection of the theory of ‘‘actionat a distance” 
and the recognition of the ether as the agent con- 
cerned in the various physical phenomena, being 
evidently the first pretbinn presenting itself for a 
solution. 

(3). The practical importance of finding a solu- 
tion to this problem will be obvious, if even the fact 
of the ether forming the groundwork of. optical 
phenomena were the only consideration ; the deter- 





mination of the physical constitution of the ether 
forming the necessary basis to work upon, and upon 
which to ground other deductions as to its purposes 


in nature, and therefore the determination of the 

physical constitution of the ether must form a 

problem of the highest interest and importance. 

). It will be our purpose therefore to establish 

an 
I 


prove the following two points : 
+ That so long as the theory of “ action at a distance” 
is admitted, the problem as to the physicai constitution 
of the ether must ever remain undeterminable or in- 
soluble. 

Il. That when the theory of “‘ action at a distance” 
is rejected, the problemas to the physical constitution 
of the ether will admit of but one solution. 

(5). As regards the expression, ‘that a physical 
problem admits of but one solution,” it will be well 
perhaps, to prevent misconception, to state our mean- 
ing more definitely. It is perfectly evident that in 
certain cases a physical problem may admit of bein 
solved, or the same mechanical end may be attain 
in several different ways, or by several different 
mechanical means, and therefore in such a case it 
might be difficult to fix or detérmine which means 
was the true one, or was actually employed. But 
when a physical problem admits of but one solution, 
or when these exists but one conceivable means of 
attaining the mechanical end, then it must follow 
at once, without further question, that this is the 
true solution to the problem, or the means actually 
employed. Thus it will be our object to show that 
the problem as to the physical constitution of the 
ether—or the physical basis upon which its qualities 
depend—admits (by the rejection of the theory of 
‘action at a distance”) of but one solution, and 
therefore that if this theory of ‘action at a dis- 
tance” be inadmissible, then that this solution must 
be the true one. 

To say the least, this latter fact, if capable of 
proof, cannot but be regarded as a most significant 
and remarkable one, for a — which by the re- 
cognition of the theory of ‘‘action at a distance” 
has appeared insoluble, now by the rejection of this 
theory admits of but ove solution, and, therefore, as 
it were falls into our hands as a solved problem. 

6). In proceeding to analyse this question, and 
looking directly to observed facts as a basis for our 
deductions, we will first take the observed and ad- 
mitted fact that the ether possesses (in an eminent 
degree) the quality of elasticity, this being shown 
by the velocity with which the ether can propagate 
waves, such as the waves of light. 

(7). The first question, therefore, to be decided is : 
on what is this observed quality of elasticity depen- 
dent? 

Now if the theory of ‘action at a distance” be 
admitted, this question cannot be finally answered, 
for several hypotheses would present themselves. 
Thus the quality of elasticity possessed by the ether, 
by which it tends to recover its equilibrium when 
disturbed, might be referred in accordance with the 
theory of ‘action ata distance” to the action of 
forces of ‘‘ repulsion” or ‘ attraction’”’ exercised 
across empty — by the particles, 7.e,, toa spiritual 
‘action ata distance” of the particles upon each 
other without the intervention of matter or through 
non-material agency. Secondly, this quality of 
elasticity might be referred to an internal motion 
among the particles, just as we know that the 
elasticity of the air or a gas is due to the motion of 
its molecules. 

(8). Since, therefore, by the admission of the 
theory of ‘ action at a distance” several hypothetical 
means of producing the quality of elasticity in the 
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ether present themselves, i.e., several hypothetical 
means of producing thesame end nt themselves, 
it becomes impossible to decide which means is 
employed, i.¢., it becomes impossible to answer the 
question, to what the elasticity of the ether is due. 

(9). Second (and this is a most noteworthy point), 
since in accordance with the theory of ‘action at a 
distance” the component particles of the ether might 
be at rest in their normal state, and yet the ether 
be elastic ; it becomes impossible, therefore, by the 
admission of the theory of “ action at a distance” to 
decide the fundamentaland primary question, whether 
the component particles of the.ether in their normal 
state are in a sate of motion or in a state of rest. 

(10). Even if as a mere hypothesis or speculation, 
it were assumed that the component particles of the 
ether were in motion among themselves in their 
normal state, this motion being the determining 
physical cause of the elasticity, it would be still 
impossible, by the admission of the theory of “‘action 
at a distance,” to decide upon the character of this 
motion, for the elasticity might be assumed to be 
determined by a motion cf the particles in straight 
lines, or in curved paths (a vortex movement), and 
the nature of these paths described by the particles 
would depend entirely on the assumed “ law” of 
variation of the force or action of the particles upon 
one another by a change of distance of the partic e8, 
which law the theory of ‘‘action at distance” assumes 
to be purely arbitrary, or it might vary as the 
square of the distance, as the simple distance, &c., 
so that in fact the problem is rendered insoluble 
on account of the fertility of resource given to the 
fancy by the theory of “action at a distance,” and 
the maze of hypotheses presented by this theory 
precludes the possibility of. a final decision. In short 
it must be apparent as a general fact not only 
applicable to the present problem, but to the inves- 
tigation of physical causation generally, that this 
theory of ‘‘ action at a distance” so far from being 
of any real use, opposes an insurmountable barrier 
to progress. 

(11). When, on the other hand, we abandon this 
theory of ‘action at a distance,” a definite course 
lies open, for first we may at once deduce the in- 
ference that the quality of elasticity possessed by 
the ether can be solely determined by and due to a 
motion of the component particles of the ether in 
their normal state ; and, secondly, therefore, the 
important deduction unavoidably follows, that the 
normal state of the component particles of the ether 
is a stale of motion, and not a state of rest. 

(12). The truth of this will become quite appa- 
rent on looking at the question, for itis obvious that 
if there be no such thing as an “ action ata distance” 
across empty space or a non-material agency by 
which one mass of matter can act upon another 
across empty space (i.e, without the aid of inter- 
vening matter), then the particles of the ether can 
only influence each other through their motions, 
and the elasticity of the ether, or the power which 
it possesses to recover its equilibrium when dis- 
turbed can be solely due to the expansive action of 
internal motion (i.e. & motion of its particles), just 
as, for example, the elasticity of the air or of a gas 
is due to and determined by a motion of the com- 
ponent molecules of the gas in their normal state, 
and if the motion of these molecules could be made 
to cease, the gas would evidently cease to be elastic. 

(18). Since, therefore, by the rejection of the 
theory of ‘“‘action at a distance,” it follows that 
the elasticity of the ether must be due to a motion 
of its component particles, the deduction, there- 
fore, necessarily follows that the component 
particles of the ether are in a state of motion in their 
normal state, 

(14). The next question is as to the nature or cha- 
racter of this motion. Now, it is at once obvious 
that when “ action at a distance” or all idea of the 
existence of non-material agency in empty space is 
given up, then a particle of matter moving in free 
space can only move in a straight line. Hence the 


inference unavoidably follows that the component | part 


particles of the ether move in straight lines, or that 
the motion of the ether particles among themselves 
- which the elasticity is due, takes place in straight 
nea. 
(15). Further, from the observed fact that a per- 
fect equilibrium of ure exists, it must follow 


that the particles are moving in all directions so as 
to balance each other’s effects, and not in any one 
particular direction in preference to another, the 
particles continually interchanging motion among 


It would not be difficult to show (and this is a 
pretty mechanical point) that a self-acting tendency 
exists for the motion of the particles to take place 
towards ail directions, so that if, for example, by 
any disturbing cause a preponderating number of 
particles could be made to move in one special di- 
rection, then this would correct itself, simply 
because the equilibrium of pressure would thereby 
be disturbed, and the equilibrium of pressure is ne- 
cessarily self-correcting. 

(16). To summarise, therefore, the deductions are, 
Jirst that the normal state of the component particles of 
the ether is a state of motion, second that this motion of 
the particles takes place in straight lines, and third 
that this motion of the particles takes place towards all 
directions. 

(17). In arriving at this deduction regarding the 

hysical constitution of the ether, to which we have 
fom led without choice, since (the theory of ‘‘ action 
at a distance” being rejected) the problem admits 
of but one solution, it will be observed that we have 
arrived at the theory of Joule and Clausius as 
already applied to gases and representing ¢heir 

hysical constitution. This theory would accord- 
ingly have a general application, or be applicable to 
all aériform media including the ethér, one apparent 
point in the theory being its extreme simplicity. 

(18). Weshall in future articles go into the prac- 
tical applications of this theory, taking it as a basis to 
work upon and ground other deductions, more par- 
ticularly as regards the problem of the origin and 
mode of derivation of the motion of the steam engine. 
It may be observed that in the case of the theory of 
‘* action at a distance,” as in the case of all theories 
of this nature which divert the attention from 
rational inquiry, the teaching of physical facts 
comes to be overlooked in many cases, and when 
the theory is abandoned, a light is suddenly thrown 
on the physical causes of phenomena, which it then 
appears astonishing could have failed to teach their 
practical lessons earlier. 


AMERICAN RAILROADS. 

In the year 1830, there were opened for traffic 

in the United States 23 miles of railway ; in ]840, 
this had been increased to 2302 miles; in 1850, it 
was 9021 miles; ten years later the mileage was 
30,635 miles ; and at the end of last year this had 
again increased to the enormous total of 71,875 
miles. It was not until 1849 that any great 
impetus was given to railroad construction. Prior 
to that time the annual increase had only averaged 
315 miles a year, but from that period the progress 
became more rapid. The years remarkable in this 
respect are 1853, when 2452 miles were made, 1856, 
which saw 3647 miles of new line open, and from 
1869 to 1872, during which period 4953, 5690, 7670, 
and 1167 miles respectively were built. On the other 
hand activity in these works was almost arrested 
during the Civil War. In 1861 and 1862 only 1485 
miles were made, and though this amount was 
exceeded in 1863, in 1864 it fell again to 738 miles. 
Compared too with the recent advance, the last 
years have seen a marked falling off in railroad 
construction, the mileage for 1874 being only 1940. 
The cause for this, however, is not far removed, 
and it is probable that some time will elapse before 
railway construction in the United States will make 
such rapid strides as it has already done. The 
same cause which has produced this check, shows a 
result in the falling off of traffic receipts and 
dividends. 
This enormous réseau spread over a country of 
two millions and a half of square miles, is divided 
into 547 distinct railways, some of which are 
amalgamated, and others worked on lease by larger 
companies, but by far the larger proportion are 
controlled by independent management. The 
Baltimore and Ohio Railroad is the oldest in the 
country, having received its charter in February, 
1827. At present the system comprises 1456 miles, 
of which as on most American lines the greater 
is only a single track. This company owns 
327 miles of double line, while there are 19 miles 
of third and fourth tracks laid and 1174 miles of 
sidings. 

The Pennsylvania Railroad is one of the most im- 

rtant systems, and is undoubtedly the highest class 
ine of the United States. It was chartered in 1847, 
and completed in 1854, although it has been greatl 
altered and improved since that time. The length 
of the main line, that is from Philadelphia to Pitts- 
burg, is only 355 miles, and to this has to be added 





r i over 3000 miles of railroad, which until 
871 formed a part of the Pennsylvania railway 
system. At that time, however, the whole of this 
was transferred to the control of the Pennsylvania 
Company, a new organisation. The Pennsylvania 
Railroad is practically a double track line, and has 
about 800 miles laid with steel rails weighing from 
56 lb. to 67 Ib. A few details of the working of this 
line during 1874 will be of interest. The company 
owned 654 locomotives, 296 passenger cars, and 
13,490 freight cars of all classes. In addition to this 
1000 coal cars were leased, and 9600 freight and 
coal cars belonging to other companies were running 
on the road. During the year the train mileage was : 


Passenger 2,928,003 
Freight 11,716,819 
Total train miles 14,644,822 


The traffic consisted of 
Passengers 6,088,103 174,768,556 carried one mile 
Goods, tons 8,626,946 = 1,372,566,976 99 

The gross earnings amounted to 77,015,678 dols., 
or more than 15,000,000/., and the expenditure 
45,088,706 dols., or about 9,000,000/., showing a 
profit of 6,000,000/., equivalent to a dividend of 8 
per cent, upon its capital stock. 

The longest lines in the United States are the 
Union and the Central Pacific, 1038 and 1222 miles 
in length respectively, and which together complete 
the railway communication across the continent. 
The rolling stock upon these lines appears very dis- 

roportioned to this great length, consisting as it 

oes of 330 locomotives, 368 cars, and 6949 freight 
wagons. The total cost of these lines and their 
equipment amounted to 234,321,088 dols., about 
46,860,000/., or an average of some 20,000/. per 
mile. During 1874, there were only 506,571 pas- 
sengers and 188,877 tons of freight carried, and the 
total net revenue of the two lines amounted to 
14,374,742 dols., of which 3,256,530 dols. were paid 
as dividend on the part of the Central Pacific, re- 
presenting a dividend of 6 per cent. on the capital 
stock, which amounts to one half of the total 
capital. By the Acts of Congress passed in 1862 
and 1864, authorising the construction of the Union 
Pacific Railway, a government subsidy was granted 
varying from 16,000 dols. to 48,000 dols, a mile, and 
a land grant of 12,800 acres per mile. The works 
were commenced in December 1863, and completed 
in May, 1869. One of the most important works 
on the line is the Omaha bridge between Omaha 
and Council Bluffs. It consists of 11 spans, each 
250 ft., with a western approach 7000 ft. long, and 
an eastern approach of one mile and a half. The 
money for the bridge was raised by bonds issued 
by the company to the amount of 2,500,000 dols., 
these bonds being guaranteed by the bridge itself, 
the net earnings of which during 1874, amounted 
to 176,839 dols. 
The Table, which we publish opposite, contains 
a great amount of interesting information concern- 
ing the railways of the United States. That so new 
a country should have been able during a period of 45 
years toconstruct 72,000 miles of railway, at an out- 
lay of over 800,000,000/., appears almost incredible, 
and that such an enormous system can be worked 
with profit is also astonishing. It will be noticed 
on reference to the Table that an average of 3.37 
per cent. is paid as dividends on the whole railway 
system, whilst the railways of many of the states 
pay a far higher amount, the above average being 
uced by unremunerative lines built with a large 
capital. ‘Thus the railways of Pennsylvania pay 
8.01 per cent., those of Massachusetts, 7.87 ; those 
of New Jersey, 7.20; in Connecticut, 6.73 ; in Utah 
territory, 6.25 per cent., and soon. On the other 
hand, many of the states can show no railway divi- 
dends, and more only very insignificant ones. In 
the Southern States this is especially striking, where 
the general average is only 0.50 per cent., and the 
Western States, where it is 1.92. 

In many instances, as in the case of the Union 
Pacific Railway, the Government has rendered some 
assistance, for the most part however in the form of 
land grants, which in the aggregate have amounted 
to over 214,000,000 acres, or 338,000 square miles. 
Of this quantity 20,000,000 acres were granted to 
the Union and Central Pacific. 

We are indebted for the foregoing information to 
the elaborate report on the Railroads of the United 
States for 1875, and from the same source we have 


a gers the accompanying Table. We shall 
with pleasure return to the same source for informa- 
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themselves, and propagating an equal 
all sides. 


pressure on 





branches and leased lines making a total of 829 miles. 
But west of Pittsburg there is a great réseau, com- 


tion respecting the horse railroads of the United 
States and the railway system of Canada. 
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INTERNALLY ». EXTERNALLY FIRED 
BOILERS.—No. I. 


For many years the Société Industrielle de Mul- 
house has taken a most active part in promoting 
the economical production and use of steam power, 
and the experiments and researches carried out 
under the auspices of the association have furnished 
a great amount of valuable information regarding 
engine and boiler performances. Amongst the 
questions which the Société has more or less 
thoroughly investigated are the relative merits of 
internally and externally fired boilers, and the con- 
clusions arrived at are, we think, of sufficient in- 
terest to warrant our placing thém fully before our 
readers. 
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In this country, as is well known, the general 
preference is for boilers internally fired, such, for 
instance, as the Cornish or Lancashire types, while 
on the Continent, on the other hand, externally 
fired boilers, and especially those of the ‘‘ elephant” 
class or c4audiéres a bouilleurs, are most extensively 
used, To some extent, as we have pointed out on 
former occasions, this difference of practice is due to 
the different character of the fuel used, the inferior 
coals employed in many parts of Belgium, France, 
and Germany requiring larger firegrates than can 
be conveniently provided in boilers of the Cornish 
or Lancashire types; but apart from this the ex- 
ternally fired boilers are in much favour on the 
Continent from their moderate first cost and alleged 
cheapness of maintenance. On these points we 
shal! have more to say hereafter. 

In Alsace the “elephant” boiler has long been, 
and still is, a favourite type, and its merits as com 

red with other types, have on several occasions” 

een the subject of investigations by the Société 
Industrielle de Mulhouse. Indeed, as long ago 
as 1859 the society offered a prize for a boiler 
capable of evaporating 74 1b. of water per pound of 
Ronchamp coal of average quality, and three boilers 
—all of the tubular type—were then tested and com- 
pared with a chaudicre a bouilleurs such as is generally 
used in Alsace. These trials showed at first a 
superior comparative power in the tubular boilers, 
but after a long series of experiments directed prin- 
cipally by M. Burnat, the committee arrived at the 
conclusion that equal results could be obtained with 
the ‘clephant” boiler, if fitted with feed water- 
heaters, or as they are named réchauffeurs. These 


trials thus tended to establish the elephant boiler 
in Alsace. 

In 1863, again, M. Burnat carried out further 
trials, and again compared an internally fired with 
an externally fired boiler. The internally fired 
boiler was 7 ft. 1}in. in diameter by 22 ft. 33 in. 
long, and it contained two furnaces opening into an 
oval combustion chamber from which seven large 
tubes 11.8in. and 14.17 in. in diameter extended to 
the end of the boiler. The total heating surface 
exposed was 775 square feet. The externally fired 
boiler, on the other hand, was of the elephant type, 
29 ft. 6in. long, with three ‘‘ bouilleurs” 32 ft. 
92in. long, and 16}in. in diameter. The surface 
exposed by this boiler was 506 square feet. The 
trials of these boilers showed that with 3458 lb. of 





Fig. 6. 
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Ronchamp coal burnt in twelve hours in the inter- 
nally fired boiler—the combustion being thus at the 
rate of 0.37 lb. per square foot of heating surface 
per hour—8.78 lb. of water wereevaporated per pound 
of coal, the latter yielding 10 per cent. of ashes and 
clinkers. In the case of the externally fired boiler, 
on the other hand, 40661b. of coal were burnt in 
twelve hours, the combustion being thus at the rate 
of 0.669 lb. of coal per square foot of heating sur- 
face per hour, and the evaporation was 7.43 lb. of 
water per pound of coal. Judged merely by the 
evaporation per pound of fuel burnt, the externally 
fired boiler gave a result inferior to that internally 
fired in the proportion of 7.43 to 8.78, or 90.8 to 100; 
but it is to be borne in mind that the externally 
fired boiler was much more hardly worked than the 
other, and the evaporation per pound of fuel cannot 
therefore be alone taken as a measure of its ef- 
ficiency. On this point we shall have more to say 
hereafter when comparing the above results with 
those derived from other boilers. 

In 1872, too, the Société Industrielle de Mul- 
house had laid before them the particulars of some 
experiments male by MM. Meunier and Hallauer, 
on two internally fired boilers—one of the Cornish 
and one of the Lancashire type—made by Messrs. 
Sulzer Brothers, and two externally fired Wesser- 
ling boilers, these experiments showing an advan- 
tage of 8.8 per cent. in favour of the boilers inter- 
nally fired. Subsequently, however, the results of 
these trials were challenged by the engineers of the 
Société Alsacienne de Constructions Mécaniques on 
the score that the experiments had lasted but two 
days, that the boilers were not fiied by the same 





stoker, and that evidence was wanting as to the 
boilers being in a similar state as to the condition of 
their internal and external surfaces, &c. It was 
also urged—and justly— that the comparative 
evaporative power of a boiler per pound of fuel 
burnt was not the sole test by which it was to be 
judged, but that its security and cost of mainten- 
ance should also be considered. In view of these ob- 
jections to previous paar the committee of the 
mechanical section of the Société Industrielle de Mul- 
house desired to settle once for ali the questidn as 
to the relative merits of the two types of boilers, 
and eventually a correspondence was entered into 
with the Société Alsacienne de Constructions Mé- 
caniques, which resulted in that firm undertaking 








the erection of two boilers on which experiments 
could be made, the Société Industrielle 
de Mulhouse on their parts appointing a 
8 committee, consisting of MM. 

rnest Zuber, Gustave Dollfus, Ch, Meu- 
nier-Dollfus, O. Hallauer, Alf, Beringer, 
Pouparain, Ed, Gerig, Wacker, and Th. 
Schlumberger, to out these trials. 
It is to the report of this committee that 
we are indebted for the facts which we are 
placing before our readers. 

The two types of boilers selected for 
comparison were respectively a Lancashire 
boiler and an elephant boiler with two 
‘‘ bouilleurs,” and it was arranged that 
these boilers should have the same heating 
and grate surface, that they should be fired 
by the same stoker, and that they should 
burn the same quality and quantity of coal 
and with thesame draught. To these two 
boilers the Société Alsacienne de Con- 
structions Mécaniaques added a third of the 
Fairbairn type, but somewhat modified in 
its construction. This boiler had the 
same grate surface as the others, but a 
larger heating surface, it being impossible 
to reduce the latter to that of the other 
boilers without disproportionately reduc- 
ing the length of the Fairbairn boiler. 
The three boilers were completed and first 
fired in August, 1874, and the experiments 
with them were commenced at the end of 
the month following. 

In making the trials it was determined 
that they should last sufficiently long to 
get rid of the effect of irregularities in 
working, while besides taking account of 
the consumption of coal and water, ar- 
rangements were made for determining 
the temperature of the products of com- 
bustion at their entrance to the chimney, 
and for ascertaining the percentage of 
water carried off with the steam. Before 
speaking of the results obtained, however, 
we must describe the boilers themselves, 
referring for that purpose to our engravings on 
the present and opposite pages. 

As will be seen from Figs, 4 and 5, and the plan 
Fig. 6, the three experimental boilers are mounted 
side by side, the Fairbairn boiler being between the 
other two. A chimney situated in the rear is common 
to the three boilers, and none of the latter are fitted 
with feed-water heaters. By the side of the expe- 
rimental ‘‘ elephant” boiler is situated a smaller one 
working into an independent chimney, while the set- 
ting of the Lancashire boiler, on the other hand, 
touches the outer wall of the boiler house. To 
avoid any cooling from this cause, however, a sup- 

lementary wall was erected outside that of the 
building, an air space being left between the two 
stalls, as shown in the section, Fig. 5 and plan 
Fig. 6. By this air space any external radiation is 
practically avoided. 

The Lancashire Boiler.—The Lancashire boiler has 
an outer shell 6 ft. 62? in. in diameter, by 25 ft. 9 in. 
long, and it contains two flues 2ft, 3.6 in. in diameter. 
The shell plates are 0.63 in. thick, the end plates 
0.748 in. thick, and the flue plates 0.51 in. The com- 
bined width of the firegrates is 4 ft. 6g in. and their 
length 5 ft. 1in., this length, including 6.7 in. formed 
by the of the bars resting on iron supports. 
Taking the effective length of the grates, therefore, 
at 4 ft. 6.3 in. we get a firegrate area of 20.5 square 
feet. The thickness of the bars is 0.59in. and the 
width of the epaces between them 0.236 in., the air 
spaces thus amounting to two-sevenths of the grate 
area, or 5.85 square feet, The totel heating sur- 
face of the boiler is 612.5 square feet, divided as 





follows: 
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aq. ft Tasuz No. I1.—Grvine THE PRinctPaAL DIMENSIONS OF THE EXPERIMENTAL BOILERS. 
Surface of outer shell exposed in side and ous 
Surface of internal flues deducting parts Data. Fairbairn Boiler. | Lancashire Boiler.| Elephant Boiler. 
below grates ot ag te oud .. 983.25 
cs oe io Se -|a5tt. 9in. &22ft 11fin.) 25 ft. 9 in, —/20ft. Gf in, &B2ft. 98 in. 
Total ... ped + 612.50 Total heating surface... nas sate ale 4 1017.48 sq. ft. 612.5 sq. ft. 6 sq. ft. 
Grate area a. ene eee oes oon eco 20.5 sq. t. 20.5 ” 20.05 ” 
The construction of the bridge and the general | Square feet of heating surface per square foot of eat otite baie 
Sete ES ANS WE Se Sy, ee eee. | 642.73 cub. ft. | 688.31 eub. ft. 581.2 cub. ft 
from the views on pages 4 and 5, and it will be Vol il tos conten : 544.8 | 413.91 16 
seen from these that the products of combustion werent! 7 a ne nt nc 97.86 Re | 9951 ° 123.04 ” 
after leaving the internal flues are let into the side | square fect of heating surface per cubic foot of 
flues and return to the front of the boiler, finally| water capedity hae res. Sen, JO ae ae 1.86 sq. ft | 1.48 ag. ft. 1.49 sq. ft 
passing along the bottom flue to the chimney. The | Weight of boiler with oe SS — = _ — ~~ 
setting thus differs from that now regarded here as| ye ycite equare foot of heating 656.81. 563.441 442.41 
the best practice, and according to which the gases|Cost of setting. sss 1201." 1121. | 1201." 
from the internal flues are led first along the bottom | Total cost Re ak oe, 776.81. 675.441. 562.41. » 


of the boiler and then back along the sides to the 
chimney. This last mode of setting undoubtedly 
contributes to the durability of the boiler, but it is 
doubtful if either mode gives any perceptible advan- 
tage over the other as as evaporative efficiency 
is concerned, 

The Fairbairn Boiler.—The ‘ Fairbairn” boiler as 
designed by the late Sir William Fairbairn, consists* 
of three cylindrical shells, two of these—each tra- 
versed concentrically by an internal flue—being 
placed side by side at a short distance apart, while 
the third is placed above and between them, being 
joined to them by suitable connecting tubes, The 
Fairbairn” boiler, erected by the Société Al- 
sacienne de Constructions Mécaniques, is, however, 
as shown by our engravings, of a somewhat mo- 
dified design, the two flues in the lower shells 
being placed eccentrically as shown. These two 
lower shells are each 4 ft. 1.2in. in diameter by 
25 ft. 9 in. long, and the flues they contain are 
2 ft. 3.6 in. in diameter. The lower cylinders are 
each connected by three tubes or mouthpieces with 
the upper cylinder, which is 3 ft, 8.9 in. in diameter 





by 22 ft. 11gin. long. The upper cylinder is made of 
plates }in., and the two lower of plates 0.53 in. 
thick, while the internal flues are made of 0.51 in. | 
and the ends of 0.71 in. plates, The grates, which | 
are contained in the internal flues of the lower | 
cylinder, are precisely identical with those of the | 
Lancashire boiler. The heating surface is 1017.48 
square feet, divided as follows: 
sq. ft. 
Surface exposed by the upper cylinder ... 144.88 
Surface exposed = two lower cylin- 
ders to the second “‘ run” of the gases. 314.49 
Surface exposed by the two lower cylin- 
ders to the third ‘‘ run’’ of the se... 182.96 
Surface exposed by six (eingitieg vive. 38.04 
Surface exposed by two internal flues de- 
ducting surface below grates ... ... 983.27 
Surface ex at front of upper cy- 
linder ost pa “ne ve 3.84 





Total ao .. 1017.48 


It will be seen on reference to our engravings of 
this boiler on pages 4 and 5, that the setting is 
so arranged that on leaving the internal flues of the 
lower shells the gases return to the front end along 
the sides and bottoms of the two lower cylinders, 
and thence pass the chimney between these cy- 
linders and the third one above, a mid-feather wall 
dividing the flues so that the products of combus. 
tion from the two furnaces do not unite until just 
before entering the chimney. 

Before leaving this boiler we may point out a 
constructive detail adopted in both it and the Lan- 
eashire boiler which is worthy of notice. ‘This 
consists in the manner in which the internal flues 
are united to the end plates, and a sketch of it toa 
Jarger scale is shown by the annexed figure. The 
arrangement consists in surrounding the end of the 
flue T with a stout wrought-iron ring A, which is 
in its turn encircled by the angle iron ring F rivetted 
to it and to the boiler end. The ring A is turned 
slightly conical, and when it is desired to draw out 
the flue, the rivets which connect it to the angle 
iron ring F are cut, and the ring A withdrawn, 
leaving the flue free. 

The ** Elephant” Boiler, or Chaudicre & Bouilleurs.— 
The main body of this boiler is 2y ft, 6gin. long 
by 3ft. 8.9in. in diameter, and is made of } in. 

lates, except the ends, which are 0.55 in. thick, 
The three lower cylinders or bowillewrs are 19.7 in. 
in diameter by 32 ft. 92in. long and are made of 
0.39 in. plates, while each communicates with the 





* The Fairbairn boiler was fully illustrated and de. | P® 
seribed by us about three and a half years ago. Vide 
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main body of the boiler by three connecting tubes. 
The grate is 4ft.9.lin. wide by 4ft. 9.3 in. long 
over all, this including 6.7 in. taken up by the bear- 
ings of the bars. Taking the effective length of the 


me 
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grate as 4 ft. 2.6 in. the area is 20.05 square feet, or 
nearly half a square foot less than the grate areas of 
the Lancashire and Fairbairn boilers. The heating 
surface is 607.6 square feet, divided as follows : 
sq. ft. 
Surface exposed by main body of boiler ... 199.48 
three lower cylinders . 385.68 
nine connecting pipes. 22.44 


Total in .» 607.60 

The setting of this boiler is arranged, as shown 
in our engravings, so that the products of com- 
bustion act first on the surfaces of the three 
“‘ bouilleurs,” then return to the front end along 
one side of the main cylinder, and finally pass to 
the chimney along the other side. 

As we have already stated, the three boilers work 
in connexion with one chimney, the flue of the Lan- 
cashire boiler entering this chimney at a lower point 
than the others. The report on the experiments 
states that with the damper open the draught was 
equally good in all the boilers. As will be seen from 
our engravings, each of the boilers was provided 
with a “ butterfly” damper, these dampers being 
worked by levers provided with sectors. The areas 
of opening of the dampers corresponding to each 
notch of the sectors were measured and were found 
to be as follows : 

Number of notch _... 1 2 3 4 5 6 7 
Area in square feet for 

elephant boiler .., 0.325 0.394 0,533 0.812 1.161 1.509 1.885 
Area in square feet for 

Lancashire and Fair- 

bairn boiler . 0.28 0.487 0.694 1.005 1.628 2.146 

During the experiments the amounts of opening 
of the dampers were carefully recorded, as we shall 
explain hereafter. For convenience of reference and 
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| breach through the brickwork setti 





comparison, we annex in Table No. I a summary of 
the dimensions, &c., of the three boilers we have | 
been describing. 

It will be observed in examining the above data 
that the two boilers which it was especially desired | 
to compare—namely, the Lancashire and elephant | 
boilers—are of such dimensions as to render it pos- 
sible to work them under precisely similar conditions, | 
the heating and firegrate surfaces and the volumes | 
occupied by the water being practically identical in | 
the two boilers. In the Fairbairn boiler the fire- | 
grate area is the same as in the others, but the) 
heating surface is, from the construction of the} 
boiler, considerably larger, while its water vonage 6 
r square foot of heating surface is also larger. It 
is, however, of proportions which render a com- 





page 298 of our thirteenth volume. 


parison of its performances with those of the other | 





steam generators very interesting. We have now 
fally described these three experimental boilers, 
and we shall, in our next article, give an account of 
the manner in which the trials made with them were 
carried out. 








THE BLACKBURN BOILER EXPLOSION. 
Copy of Report by Mr. Lavinetron E. Fuztrcuer, Chief 
mgineer to the Manchester Steam Users’ Association, 
on the Steam Boiler Explosion that occurred at Messrs. 
R. R. Jackson and Brother’s, Harley-street Old Mill, 
Blackburn, on Wednesday, the 24th of November, 1875. 

** The Steam Users’ Association, 
‘* 41, Corporation-street, Manchester, 
** December 10th, 1875. 
**—- Deane, Esq. 


** Deputy Coroner, Blackburn. 

“* $rr,—In acco ce with instructions received on the 
27th ult., I have investigated the explosion that occurred 
at half-past two o’clock on the afternoon of Wednesday, 
November 24th, on the premises of Messrs. R. R. Jackson 
and Brother, Harley-street Old Mill, Blackburn. I have 
pleasure in stating that Messrs. Jackson afforded me every 
possible assistance and facility in making my investigation, 
and I now beg to report you on the cause of this disaster. 

“‘The boiler in this instance was not of the Cornish or 
Lancashire type, generally adopted for mill purposes, but 
was one of four Howard patent safety boilers, set side by 
side, connected together, and loaded to a blowing-off pres- 
sure of 150 lb. on the square inch. The boiler under con- 
sideration was the fourth of this series reckoning from left 
to right, and will be referred to as No. 4 in this report. 

‘‘The Howard patent safety boiler consists of a number 
of pipes in which the steam is generated, the pipes being 
sometimes set vertically and sometimes horizontally or 
nearly so. In this case there were thirty-eight pipes set so 
as to be nearly horizontal, a rise towards the back of about 
1 in. in the foot being given them to enable the steam to 
escape more freely. These pipes, which were made of 
wrought iron and welded at the longitudinal joint, measured 
12 ft.in length by about 8} in. in diameter, and ¥; in. in 
thickness. The equipment of the boiler was ample. There 
was a non-return valve at the feed inlet, there were two 
glass water gauges, and a blow-out tap, a dead weight 
safety valve, a steam pressure gauge, and a tap for allowing 
the application of an indicator to check its accuracy. 

‘There were seven pipes in the bottom row immediately 
over the fire, and the boiler failed in the pipe next to and 
on the right-hand side of the central one, rending on 
the underside, the rent extending about 2 ft. 2 in. longi- 
tudinally, and the sides openin Taterally to about 12 in. 
at the widest part. Through this opening steam and hot 
water issued, not only from No. 4 boiler that burst, but 
also from No. 1 and No. 3 at work at the time, No. 2 being 
laid off for repairs.< The result of this rush of steam and hot 
water was to blow up the tile blocks on the top of No. 4, and 
to carry away the feed pipe and valve, as well as the con- 
nexion to the blow-out tap at the front, and also to effect a 
at the back, where 
the two men, unfortunately scalded to death, were en- 


gaged. 

**On turning to the cause of the explosion it may at once 
be stated that the rupture of this pipe was not due to short- 
ness of water through the neglect of the attendant, to which 
so many explosions are erroneously attributed. An in- 
spector of the Manchester Steam Users’ Association hap- 
pened to be at the works, and standing near to No. 1 boiler 
at the time the explosion occurred. While making his 
examination about a quarter of an hour before, he had 
observed that the water stood about 4 in. from the top of 
the glass tube, so that there was an ample supply. 

‘* Neither did the pipe burst from wasting of the plate by 
corrosion. The pipe was a new one, having peek bee 
at work for a month, and no loss of metal had occurred. 

** Nor did the pipe burst from i or unusual pres- 
sure of steam. The safety valves, which were of external 


pendulous dead weight construction, which scarcely admits 


of overloading, an ie ae fang nor spindle to hold 
them in place are very ikely to stick fast, were found 
to be free on examination a few minutes before the explo- 
s10n. 

** Nor was the rupture due to structural weakness. The 
pipe did not rend at a weld, but through the solid metal, 
and 7 the working pressure was high, and the pipes 
thin, eir diameter was small, so that the strain 
amie upon them by the pressure of steam was slight. 
Taking the thickness of the metal as ¥, in., the strain with 
steam at a pressure of 150 Ib. was only one ton and a third 
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per square inch, and taking the metal as 3, in. in thickness, 
the strain was then one ton and a half per square inch. This 
is less than half the strain adopted with sat in the shells 
of Cornish and Lancashire boilers. The boiler was tested 
about three weeks before the explosion by the hydraulic 
pump to a pressure of 400 lb. on the square inch. This 
test, however, did not put a strain of more 3} tons on the 
inch, taking the thickness of the pipe at ys in. and 4 tons 
taking the pipe at +4 in. This strain is not sufficient to have 
injured the metal. 

“*TIn order tO ascertain the quality of the material I 
thought it desirable to have portions of the ruptured Py 
tested experimentally by Messrs. Galloway, of Knott Mill, 
Manehester, who have recently laid down a machine 
especially for the purpose of ascertaining the s hs of 
various makes of iron. With this view I communicated 
with Messrs Jackson, and requested them to forward me 
the pipe that had burst, which they kindly did with 
the greatest promptitude. Mr. Joy, representative of the 
Barrow Shi; building Company, who are now the makers of 
the How: patent safety boiler, was present while the 
tests were being made, in acco ce with the s tion 
thrown out by the coroner at the’preliminary inquiry held 
on Thursday, the 2nd inst. ; and Mr. Joy expressed himself 
satisfied with the mode in which those tests were made. I 
have forwarded to the Barrow Shipbuilding Company a 
portion of the same pipe for testing in their own machine as 
a check, but have not yet heard the results. No doubt 
Mr. Joy will be prepared with them at the time of the in- 
quest. 

‘The mode in which the tests were conducted at Messrs. 
Galloway’s was as follows : In the first instance a length 
of about 3 ft. was cut out of the pipe close to the rupture, 
and then four strips running longitudinally and measuring 
2% in. in width were cut therefrom in the planing machine, 
two of these strips being taken from a little to the right- 
hand of the centre line on the bottom of the pipe, and the 
other two strips a little to the left-hand of the centre line 
on the top of the pipe. In addition to this, two rings, 3 in. 
wide, were turned out of the pipe in the lathe, and then 
heated in a furnace, after which they were severed longi- 
tudinally, and carefully opened out and flattened. This 
being done, the six strips were placed in the testing machine 
= ny asunder, when the following results were 
obtained : 


** Results of Tests as to the Tensile Strength of the 











Iron in the Pipe that Burst. 
Mark on! — 
Speci- DESCRIPTION OF SPECIMEN. Weicht 
4 
—— in tons. 
TESTS WITH THE GRAIN. _ 
A Strip about 3 ft. long by 2} in. wide,| 
cut from the pipe lengthwise a little 
to one side of the bottom centre line...| 18.8 
B Strip about 3 ft. long by 2} in. wide, cut 
from the pipe lengthwise immediately 
above specimen A v4 rn vee 
Mean... ist | 18.4 
| —— 
E Strip about 3 ft. long by 2} in. wide, cut; 
| from the pipe lengthwise a little to the 
| side of the top centre line ies soo}: ae 
F _ Strip about 3ft. long by 2} in. wide, out 
| from the pipe lengthwise immediately, 
| below specimen E $i aus | 21.6 
Mean 19.6 
TESTS ACROSS THE GRAIN. | 
Cc Strip about 2 ft. long by 3 in. wide, cut 
circumferentially, carefully heated and 
opened out flat ... in is Se ge) / 
D __|Strip about 2 ft. long by 3 in. wide, cut 
| circumferentially, carefully heated and 
| opened ont flat ... 4% sa 16.3 
| Mean 16.0 








** From this Table it will be seen that the mean breuk- 
ing strain per square inch, taken in the direction of the 
length of the pipe, which is the direction in which the 
fibre ran, was 18.4 tons on the bottom of the pipe, and 19.6 
tons on the top of the pipe, which gives a mean breaking 
strain for the whole pipe ongitudinally of 19 tons. Also, 
that the mean breaking strain per square inch, taken cir- 
cumferentially and at right angles with the direction of 
the fibre, was 16 tons. 

“* A breaking strain of 16 tons ed square inch is cer- 
tainly below the mark, yet inasmuch as steam at a pressure 
of 150 Ib., which was the highest with which the boilers 
were worked, did not exert a bursting strain upon the 
metal in the pipes exceeding 1} tons per square inch of 
sectional area, it is clear that the rupture was not caused 
by structural weakness. 

‘We have now examined the causes from which ex- 
plosions in the ordinary type of boiler generally spring, 
viz., overheating from shortness of water, wasting of the 
plates from corrosion, irregular or excessive pressure of 
steam, and structural weakness or unfitness for the pressure 
at which the boiler was intended\to be worked. We have 
seen that the explosion was not due to any of these causes ; 
that it did not arise from the neglect of the attendant, or 
from being too weak to resist the statical pressure put 





upon it. We must therefore turn our attention in another 
direction, and see whether there is anything in the work- 
ing conditions of the boiler which could have given rise to 
the explosion. To this end we may consider the behaviour 
of the steam and water inside the pipes when exposed to the 
action of the fire outside them. 

‘There is a difference between the conditions imposed on 
the steam generated within a Howard safety boiler and 
those imposed on the steam generated within wagon, plain 
cylindrical, Cornish, Lancashire, locomotive, or other ordi- 
nary types of boiler. In the ordinary type of boiler 
there isa steam space immediately above the water, so that 
the bubbles of steam can rise directly into it. Even under 
these circumstances when the ebullition is rapid the rising 
bubbles of steam occupy a considerable portion of the water 
space, and lift the water, while an intense playing on 
the sides of a vertical boiler has been known to generate 
steam so rapidly as to drive the water away from the plate 
and to overheat it to such an extent as to lead to its rend- 
ing and thus to an explosion. In the Howard safet 
boiler the relations existing between the water space a 
steam space are different. The steam space is not imme- 
diately over the water, at all events in the case of the 
lower pipes. These are entirely filled with water until 
ebullition is set up, and when steam is generated in them it 
has to fight its way through the water and struggle alo 
the pipes, which are comparativel spooning of sm 
diameter, from the bottom of the er to the steam space 
at the top. In doing this it drives a considerable portion 
of water out of the pipes, and the tendency to do this is 
aggravated by. hard fring’ by lowering the pressure of 
steam since this increases its volume, and by the infusion of 
salt or any other foreign substance into the feed-water 
which tends to thicken it, and thus to render the escape of 
the steam more tardy. A glance at the construction of the 
boiler will show how difficult it is for the steam to effect its 
escape from the lower pipes. They are as much as 12 ft. 
in length, only about 84 in. in diameter, and set nearly 
horizontally, in addition to which they are open only at one 
end, so that the steam has a long way to travel to get to 
the outlet, and further, as the water to make its way 
through the same neck in getting in as the steam. has in 
getting out, it will be seen that a conflict is likely to ensue 
and the action be rendered very irregular and spasmodic. 

his may account for the violent oscillations of the water 
which take place in the gauge glasses of these boilers. It 
is true that the feed is pum in at the front end of the 
bottom row of — passing immediately over the fire and 
thus has to find its way through them to supply the whole 
boiler. This no doubt tends to the mitigation of the evil 
spoken of, but there is nothing to compel the feed to divide 
itself equally among the whole number of pipes in the 
lower row, so that it may take a course up one or some 
of them, to the omission of others. Further the feed is not 
always on, so that there are times when the lower row of 
pipes are entirely dependent for their supply of water to as 
much as may be able to struggle in at the neck through 
which the steam is forcing its way out. It is thought, 
therefore, that the pipes over the fire in which the ebullition 
is most rapid frequently ‘contain, when the boiler is in 
work, as much steam as water, or even more, and from 
this cause become so overheated as to be unable to with- 
stand the ordinary working pressure and thus to rend. 

** In several other How safety boilers, the pipes im- 
mediately over the fire have failed in a similar manner to 
the one under consideration. In No. 2 Howard boiler in 
the same range one of the pipes in the bottom row burst 
on the 25th of August last, the rent in that case, as in this, 
being at the underside of the pipe and measuring about 
2 ft. 10 in. in length by 16 in. at the widest part. Incon- 
sequence of this I understand that Messrs. Jackson had the 
boilers overhauled, and No. 4 repaired with several new 
pipes in the bottom row immediately over the fire, at the 
same time applying the hydraulic test of 400 Ib. already 
referred to. It was one of the new pipes which had not 
been at work for a month that burst. It may be added 
that on examining No. 4 boiler after the explosion it was 
found that the central pipe in the lower row six serious 
longitudinal fractures in it, and appeared just on the point 
of bursting as the one next to it had done. Another ex- 
plosion from the rending of one of the horizontal pipes 
over the fire occurred at Northwich on the 14th day of 
June, 1874, and a further one at the same works shortly 
afterwards, while, I am informed, that since then fusible 
plugs have been inserted in the lower row of pipes and 
:- gaaeg have given way, showing that ovetlisiliing takes 


place. 
‘These repeated failures of the pipes in the Howard 
safety boiler which are ed most Directly to the action 
of the fire, corroborate the view that the steam is so im- 
prisoned within them that it keeps the water from due con- 
tact with the metal, and thus leads to its being overheated, 
whereby the strength of the pipes is so much reduced that 
they rend at the ordinary working pressure. To this cause 
I attribute the explosion under consideration. 

‘* There is another point worthy of remark. These water 
pipe boilers suffer not only from overheating consequent-on 
the imprisonment of the steam, but also from external 
firing. ‘The rent in the explosion under consideration, was 
a longitudinal one. It was so in No. 2 boiler in the same 
series which burst in August last, as well as in the boilers 
previously referred to that burst at Northwich ; while the 
fractures discovered in the ryporenlis 2 of No. 4 boiler 
were also longitudinal. With inte firing the pressure 
of the steam at the parts immediately over the fire is ex- 
ternal: it surrounds the furnace tube and thus tends to 
close such fractures should they «cur, while with external 
firing the pressure is internal ana therefore tends to burst 
| them open, thus developing small fractures into large ones. 
I cannot remember a s case in which hard firing has 
developed a longitudinal fracture in the furnace tube of an 


in fired boiler. It may pla 
downwards and thus give warning of the danger, but in the 





the | ‘‘ blow it up” by n ae its feed-water supply. 





explosions of the pipe boilers just referred to there does not 


appear to have been 2 whatever. These pi 
boilers therefore r ogerd suffer from two evils, viz., the 
imprisonment of the steam inside them, and the action of 
the fire outside them. 


‘* Messrs. Jackson have called my attention to the fact 
that the oscillation in the water gauge of No. 4 boiler has 
ro 


in since it was hly cleaned out 
about a month since. It is possible that this is due at all 
events to some extent to the cleaning. LEbullition is always 


more convulsive in smooth vessels than in rough In a 
smooth glass vessel ebullition may be deferred by many 
di and thus the temperature of the water raised con- 
siderably above boiling et, but on inserting a rod and 
disturbing the water ebullition will be at onceset up. The 
cleaning out of the boiler removed the thin lining of scale 
which offered a number of points from which the bubbles 
of steam could be evolved. Also the scale acted sli as 
a non-conductor, and to that extent reduced the of 
the fire. Its thickness, however, was inconsiderable. The 
introduction <a into the boiler would, no doubt, 
render the ebullition more convulsive, and thus increase 
the oscillation of the water in the glass y 
“The statement has been made that Tas boiler of the 
Cornish or cashire type, so generally employed for mill 
urposes, been adop in this instance of the 
coward safety boiler, the building above would have been 
laid in ruins anda number of persons seriously injured ; 
and further, that however good a Cornish or a Bees 
boiler may be, yet, that a careless fireman may at any time 


views are con y experience, and their repetition 
is to mislead steam users, it may be desirable for me 
to offer a few remarks et 6 ee 

‘* Although a careless might undoubtedly neglect 
his water supply, Shes would not cause a boiler of the Cor- 
nish or Lancashi if well made, to “blow up.” It 

i precy ny Rucci ng rupture of the furnace crown, 
but when the tube is strengthened with i 
rings, the rent is found to confine itself toa i | 
the ends with the outer shell to remain intact. boiler 
is not moved from its seat, nor are those ide of it 
disturbed. This has proved to be the case . With 
regard to the rupture of the outer shell of a i 
boiler, Legg state that beg ag ge ter — wh a 
cia or years gone @ expense of acq 
particulars and aventeere the cause of nearly all the ex- 
plosions occurring in the United Kingdom. These have all 
passed under review-for the last fifteen or sixteon years, 
and as fifty explosions occur every year on an average I 
have had the opportunity of investigating the cause of some 
750 explosions. As far as I can remember not one of these 
was due to the rupture of the outer shell of a Cornish or 
Lancashire boiler when well constructed, well set, and kept 
in good repair as every boiler should be. It is true that 
two Lancashire boilers burst simultaneously in Blackburn 
early in the year 1874, butthose boilers were injudiciousl 
set. The flues were carried over the crown of the shell, 
and the mountings tightly bound in the brickwork. The 
danger of a I ventured to a ede may rt to ms 
coroner at the inquiry consequent on the explosion, an 
the correctness of that vom tas been shown by the fact 
that another boiler, having the flues carried over the top, 
burst at Over Darwen in July last. The explosion of these 
boilers therefore does not invalidate the conclusion stated 
above. I am thus justified in stating that no Cornish 
or Lancashire boiler has, within the limits my own ex- 
perience, ever burst except from shortness of water, and when 
that has occurred the — been confined to the 
furnace tubes, and has not led to the displacement of the 
boiler or those alongside. Had, therefore, a Cornish or 
Lancashire boiler been adopted in this instance, instead of 
the mill overhead having been brought down and several 
lives lost, there would have been no explosion, and no lives 
sacrificed or even endangered. This view is corroborated by 
the fact that Messrs. Jackson, who have thirteen boilers, six 
of which are of the Lancashire, and seven of the Howard 
safety type, never had any explosions from the Lancashire 
boilers, but have had two from the Howard safety boilers. 

“Tt is hardly n for me, in conclusion, to warn 
steam users generally against the danger of the Howard 
safety boiler. The facts already given will speak for them- 
selves. The inspector of the Muaskester Steam Users’ As- 
sociation had a narrow escape of being killed. He was on 
the top of the boiler but a few minutes before the — 
also at the furnace door ing the lower row of pipes. 
The pipe that burst showed no signs of failure, and ap- 
peared all right outside. Boilers that behave in 
treacherous and fitful manner are not suitable to be em- 
ph where human life is at stake. I believe that the 
makers are modifying the boiler with a view of = 
the circulation of the water. But previous modifications 
have not done all that was expected, so that it will be ad- 
visable to consider others as experimental until very fully 
tried ; and I would to urge that this should not be done 
at the risk of the public safety, but that any further modi- 
fications that may be adopted should be severely tested ex- 

imentally at the maker’s works, in the first instance. 

ith this view, I would venture to suggest that the fires 
should be stimulated by an artificial blast, so.as to attain 
the highest rate of evaporation that can occur in ice, 
and that the water should be thickened with the infu- 
sion of foreign substances, so that it may be as unfavour- 
able for the free escape of the steam as any likely to be 
met with in actual work. 2 : 

“T am, Sir, yours faithfully, 





Signed ‘* Lavinaton E. R. 

. , ‘Chief Engineer.’’ 
Tue St. GorHarp TunnzeL.—At the close of November 

this great tunnel had been pierced for an distance 

of three miles 1944 ft. The distance still remaining to be 


pierced at the same date was siz. miles 450 ft. 
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ENGINE AND BOILER HOUSE AT THE FERRARA MARSHES, NORTHERN ITALY. 
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THE CYCLOPS BLOWER. 


We annex illustrations of a neat arrangement of hand- 
worked fan for smiths’ fires, whidh, under the name of the 
Cyclops blower, is being introduced by Messrs. Rownson, 
Drew, and Co., of 225, Upper Thames-street. In our en- 

vings, Figs. 1 and 2 are detail views of the blades of the 
Goon or fan, while Figs. 3, 4, 5, and 6 show the whole 
arrangement as applied to a fixed hearth; Fig. 7 is a detail 
view of the pny for the fan spindle. From Figs. land 2 
it will be seen that the fan blades have flanges a a, turned 
upwards in the same direction as the fan runs, and for eco- 
nomy of construction the blades, arms, ant boss, are all 
cast inone piece. For small fans two blades, as shown in 
Figs. 1 and 2, will be sufficient, and can be easily cast in 
one piece ; but for large fans four or more blades may be 
used if required. When four blades are used they are cast 
in pairs, and the boss is made in halves with offsets right 
or left on the yy halves, so that when these halves 
are brought together to form the complete boss the,arms will 
all be in the same vertical plane. 
‘ The p= of the frame or bey ay my aaie the 
riving gear and supports the casing of the fan itself, is, as 
we have said, illustrated by Figs. 3, 4, and 5. The ver- 
tical standard or framing, which carries the fan casing, 
together with the foot or foundation of the frame, and 
also one-half of the casing itself, and a bracket for carrying 
ths large driving pulley, are all cast in one piece, as shown 
at b b, in Fig. 5. The other half b' of the fan casing is 
cast in another piece, as shown in the figure, and the two 
parts being provided with flanges are conn by means 
of screw bolts and nuts, as shown in Fig. 3. A portion of 
the wind channel and the tuyere box may also be cast with 
the framing if desired. By constructing the fixed parts in 
this manner the blower can be made v cheaply and 
strong, and can be easily adapted to any stationary or other 
forge. 

The large driving wheel c is mounted in bearings in a 
bracket at the top of the standard », and is actuated b 
means of a winch handle d, which mey be turned by hand, 
or it may be rotated by pulling the cord e, which is attached 
by one end to the crank or winch d. The other end of the 
cord e over a pulley f mounted in a swinging bracket 
S', which is capable of turning round on the vertical pin /2 
fixed to a beam above. The pendant end of the cord e is 

rovided with a handle, whereby it may be worked up and 
down by the workman. It will be evident that as the 
pulley fis capable of moving round the vertical pin /* in 
either direction this mode of actuating the fan blower will 
allow the workman (while driving the fan with one hand) 
to move about and attend to his fire or otier duties, which 
he could not conveniently do if he were obliged to turn the 
winch handle d. 

The mode of transmitting motion from the driving 
wheel to the fan by means of the bands and pulleys c’', c*, 
c*, c*, will be clearly understood by inspection of the 
figures. It may be pointed ont, however, that the spindle 
a’ on which the fan blades a are is made with 
conical ends, as shown in the detached sectional view 
Fig. 7. On fitting up the fan the spindle a’ is passed 
through the bearings in the brackets b* of the clandena b 
and through the boss of the fan blades. When the latter 
have been properly secured on the shaft a’, the conical ends 
of the latter, which project th h the bearings 5? b*, are 
covered up or enclosed by Leukaherton! caps a* a*, which 
are filled with wool and supplied with oil or other lubricant, 
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which, as the fan rotates, will find its way oles the shaft 
to the bearings and other rubbing parts, and will thus 
lubricate them. 

For permanent hearths where strength is required, and 
there is no objection to great weight, the hearth with 
its standard or legs, and troughs, and fire-pan, are all cast 
in one piece. By this means a very cheap and substantial 
structure is obtained. 

The tuyere shown at Fig. 3, as well as in plan in 
Fig. 6, and which conducts the blast from the blower or 
fan to the hearth of the forge is of peculiar construction. 
This form of tuyere consists in making three openings in 
So oe ae 4 ee box w ant creat a 
movable segmental stop f for closing the tuyere holes. "The 
air box w.is — with the blast from the blower or fan 
along the funnel-shaped channel o, from whence it passes 
direct to such of the holes in the cover q as are open 
and unstopped. In this form of tuyere the central hole 
always remains open and the air issues from it in a vertical 
direction, but the two side holes are placed in an inclined 
position so that the air will issue at an angle of from 
40 deg. to 48 deg. either to the right or to the left, or in 
both directions, as indicated by the arrows, if both holes 
| are o 








pen. 
_ The movable segmental stop s which is mounted in bear- 
ings on the air box w consists merely of a segmental or 








BLOWER FOR FORGES. 


{ 


j 
| 


| H vat 


I l = 
tines 
SS 


. 


~ : 


curved piece at the end of an arm, extending from a boss 
on the shaft s’? shown by dotted lines in Fig. 6, and which 
being mounted in ings can be turned therein to the right 
or left as may be required. The ends of the segmental 
stops s are made to coincide with the two side tuyere open- 
ings in the cover q of the air box, and the stop is so arran, 
that by turning it in either direction it may be made to 
stop or close one or other of these side openings. It will 
now be understood that by this means, in addition to the 
vertical blast from the central hole, a diagonal or inclined 
blast either to the right or to the left, or both, may be em- 
ployed if desired. is segmental stop also serves to clear 
the tuyere holes of clinkers or cinders (should they become 
stopped thereby), as by forcing the stop s into either of the 
holes any cinders or clinkers that may be sticking there 
will be pushed out. A a opening w' is made in the 
bottom of the air box w for the purpose of removing cinders 
from the interior of the box into an ash pit below. This 
opening w' is closed by a horizontal slide when the forge 
or hearth is a ate 

The Cyclops blower is also applied to portable forges, of 
which the makers have brought out some very neat patterns 
adapted for use on shipboard, &c. A blower of this kind 
possesses many advantages over the bellows commonly used, 
and hence a neat arrangement of the kind is likely to meet 
with much favour. 
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below the level of the engine room floor, and 
driven by an eccentric on the crankshaft between the two 
cranks. The sluice valve, shown in Fig. 2 as being placed 
on the delivery pipe beyond the condenser, is worked by 
hydraulic power, 

We had occasion in our former notice to commend the 
neat and thoroughly substantial design of the engines and 
pumps of which we have been speaking, and as regards the 
workmanship, we can only repeat what we then stated that 
it is of the very best class. The engines have throughout 
large bearing surfaces, and the pump spindles, connecting 
rods, piston rods, and in fact most of the working parts with 
the exception of the crankshafts, are of Bessemer steel. 

The engines are supplied with steam by the boilers 
arranged in two groups, five in each, as shown by Fig. 1 on 
page 9. These boilers contain each two flues or furnaces 
united into a combustion chamber traversed by Galloway 
tubes, while from this combustion chamber 108 tubes, 
8 in. in diameter and 4 ft. long, extend to the rear end of 
the boiler. Each boiler has 30 square feet of firegrate sur- 
face, and exposes 730 square feet of heating surface, the ten 
boilers having thus together 300 square feet of grate and 
7800 square feet of heating surface. Each group of boilers 
is also provided with a Greeg’s economiser arranged as 
shown in Figs. 1 and 8 on page 9, each of these economisers 
containing 192 tubes of 4 in. bore, and exposing about 2000 
square feet of heating surface. Experiments made with 
these boilers show, we are informed, an evaporation of 
nearly 12 Ib. of water per pound of coal. 

The whole set of engines and pumps we have been ce- 
scribing have lately been subjected to a test of twelve days 
and nights continuous working without a single hitch or 
stop of any kind, and—as we should have anticipated from 
our examination of the machinery before it left this country 
—with most satisfactory results. Wemay add that Messrs. 
J. and H. Gwynne are sending to the Philadelphia Exhi- 
bition a beautifully finished working model, made to a scale 
of 14 in.=1 ft., of one pair of the Ferrara pumps and engines, 
fitted complete with condensers, sluices, and hydraulic 
cylinders for working the latter. This model, representing 
as it does a part of the largest set of pumping machinery 
in the world, will, we expect, be regarded with much 
interest. 

In concluding the present. notice we may remark that 
extensive as are the Ferrara reclamation works, a still more 
extensive scheme is now being about to be carried out, 
namely, the draining of a portion of the Zuyder Zee, having 
an.area of 485,775 acres, or about 759 square miles. The 
tract thus reclaimed will add nearly six per cent. tothe area 
of Holland, and as the Chambers have now voted about nine 
and a half millions sterling for the prosecution of the enter- 
prise, the work will probably be commenced without delay. 
To enclose the tract to be reclaimed a dyke 25 miles long, 
164 ft. wide at its base, and rising 26 ft. above the water 

line, will be made, the dam starting at Eukhuisen and run- 
ning in an easterly direction to the island of Uvrk, thence 
proceeding to the south-east to the island of Schockland. 
From the latter island it will be continued to the mainland 
which it will join at Kampen just above the mouth of the 
Ijssel, The area thus enclosed will-be divided into squares 
which will be successively pumped dry by suitable ma- 
chinery. We have here merely indicated the general out- 
line of this vast and important work, but hereafter we shall 
have more to say about it. Meanwhile, we may point out 
that with powerful pumps driven by engines of a highly 
economical type, such as those provided by Messrs. J. and 
H. Gwynne for the Ferrara es, these reclamation 
works become much less formidable undertakings than they 
formerly were, as the pumping is not only done at less cost, 
but also more quickly, and hence the capital expended is 
the sooner rendered remunerative. 


HYDRAULIC EXPERIMENTS AT ROORKEE. 
By Carrain ALLAN CunnrineuaM, B.E., 
Hony. Fellow of King’s College, London. 

Tue following are some extracts from the Report 
referred to in article in our last issue under the head 
‘** Hydraulic Experiments.” 

The most im t quantity that admits of calculation 
in Hydraulic Engineering the Total Discuarar of a 
body of water through a given transverse section ; and in 
artificial channels—such as Canals— it is desirable that this 
should be calculable with some ‘accuracy. 

* Di a’’ of large Canals and Rivers are being re- 
peatedly measured, but = a reliance be placed on the 
numerical! values of the ** Discharges’? What is 
the Test that the numerical values for ‘‘ Discharge of 
large bodies of water, as now obtained are | correct? Asa 
matter of fact, ‘‘ Discharges” sxe now obtained by calcula- 
tion from formulw, the functional form of which is based 
on heses of motion of water admittedly incorrect, and 
invo ** constants’ whose numerical values, have as 

been determined from experiments on very small 
of water, e.g., in pipes and in small artificial 


¢ . 

The sort of Experiments now wanted are an extension of 
the French Experiments to large bodies of water in wniform 
motion in regular channels. 

It is—in the Author’s opinion—very little use experiment- 
ing at present on the complex motion in 
rivers, until the case of Stzapy Unt- 
rorm Morton in a large 


air pump 19 in. in diameter, and with 12 in. stroke placed 
vertically 





as can 
usually be obtained in artificial Canals—is better | of the 
only is 


iments on a considerable scale were projected in 
1 to be ‘ormed on the Ganges » at or near 
Roorkee, but by some extraordinary fatality every officer 
connected with them died before any considerable 
was made. It is believed, that no was printed, and 
it seems impossible now to ascertain what was actually done. 
The object of the Experiments about to be described, was 
primarily that explained, as now desirable, viz., to test the 
applicability of the Results of the American and French 
Bxperiments to large bodies of water in regular channels. 

ts of great interest—beyond the important practical 
one of aff a Test of existing Discharge-Form 
might be to accrue from the sort of observation 

roposed if the ee be made on a sufficiently ex- 

Can scale, prolonged over a long period, and under 
varied conditions. 

The present Experiments—lasting only four months—are 
of course only a small beginning in this direction. They 
were conducted by the author, as a volunteer during the 
cold weather of 1874-75, on the Ganges Canal close to 
Roorkee : Government providing the necessary funds. 

The Ganges Canal, in the neighbourhood of Roorkee, 
presents um favourable opportunities for such ex- 
periments in the occurrence of a straight reach of six miles 
of comparatively uniform section, from Dhamouri to 
Roorkee, the only obstructions in the current above the 
Sol4ni Aqueduct being two narrow piers of two bridges 
at Pirdén Kalliar and Mahewa. This six-mile reach com- 
prises three descriptions of channel, viz. : 

i. Trapezoidal Channel, in earth, 3 miles long, 150’ 

average bed width. 

ii. Trapezoidal Channel, masonry sides (steps), clay bed, 

2 miles long. 150/ bed width. 
iii. Rectangular Twin Channels, in masonry, 932! long, 
each 85! wide. 
iv. iy ye Channel, same as ii., $ mile long. 

Thus the same body of water pos successively through 
these different channels, each of which is nearly uniform 
throughout its own length, but differing from each other in 
material, yn cross-section, and width—thus present- 
ing a very favourable locality for Hydraulic Experiments. 

‘or measuring ‘‘ surface velocities’’ in a wide channel 
not very close to the edges, there appears to be no more 
convenient Instrument than the o ** Surface-float.’’ 
After several trials with floats of different sizes, the 
following were adopted as the ne of ‘‘ Surface-float’’ : 


(a). 3” diameter, and }” 

Thin circular dises of Eng- thick for general use. 

lish deal planed smooth and (b). 1” diameter, and }” 
turned on a lathe. | 


thick, for use close to 


the 5 

Some were painted white, some black, some were left un- 
coloured to be used in different states of sunlight: on the 
whole nothing was found so convenient as a ‘‘ marker’ as a 
small pledget of white cotton-wool, loosely inserted in a 
small hole in the centre of the disc. 

The most perplexing phenomenon relating to the 
measurement of velocities is that the Motion of Water is 
not even approximately Srzapy. It may be well to give 
the following definition. 

Der.—Motion is termed Srzapy when the velocity at 
any point depends only on the position of the point, and 
is, aeons, constant both in direction and magnitude for 
each point. 

It may be observed that in practical Treatises, all Results 
are based on the hypothesis that the Motion is Srzapy, 
and that hardly any theoretical solution has been effected 
except for Steady Motion. 

Any one watching the motion of water at the margin 
cannot fail to remark a continuous slight variation of level 
of very short period. 

[In the Solani Aqueduct this variation is about .05 of a 
foot, and runs through all its phases very rapidly]. 

This shows that the motion is slightly oscillatory, and, 
therefore, cannot be perfectly steady. 

The oscillation is, however—in a uniform channel of 
great length—so very slight and of such extremely short 
period, that therecan be no doubt that the important 
equation—‘‘ Total Discharge through a complete cross- 

ction equal constant”’ is sensibly true to a high degree of 
approzvimation in a uniform channel of great length. This 
is, however, by no means the case for the Discharge through 
very small parts of a cross-section, or in other words : 

“ The velocity at any particular point is not constant for 
that point but varies greatly from instant to instant.”’ 

This result may be seen in any of the Tables accompany- 
ing the Report, but is most conspicuously established by 
the following Experiment undertaken with the express view 
of testing this important point. 

The object of the Experiment was to time as accurately 
as possible the passage of a very rapid succession of floats 
over the same “ Run,’’ noting also the ‘ deviation’ of each. 

The “‘ Run” chosen was along mid-channel of the Right 
Basin of the Soléni Aqueduct; and the air was nearly 
uniformly calm. 

Ereur Sets of 15 surface-floats were dropped into the 
water in mid-channel at near] in the first 
set at about 10 second in , the remaining seven sets 
at about 5 second intervals—timed by a watch. 

That there were real changes of velocity of the water 
was visible even to the eye, as the successive floats were 
constantly changing their relative distance ; occasionally 
one float would nearly catch wp the preceding one. 

The following Table is an abstract of the maximum, 
mean, minimum “‘ yelocity”’ in feet per second, in each 
of the sets of fifteen floats. 

It must be observed that the Result of the first four Sets 
of floats are really comparable — with each other; and 
those of the second four Sets with each other, that is to 
say, the first four Sets are not fairly comparable with the 
second four sets in consequence of the interchanged position 


It will be noticed that the means of the latter four sets 











are almost all less than those of the first four Sets; this 
seems to be the effect of the ‘personal equation’ of the 
observers. 
——-——— 

VELOCITIES, 





Abstract. 


At Upper Rope. | At Upper Rope. 





Set}1;,2},3),4/5|647]8 








Max. /4.07 )4.20)4.35 |4.13/3.91 |4.10|3.82)4.00 Max. maxm, 4.35 

Mean |3.76 |3.94|8.96 |3.90|3.60 |3.75 | 3.83 |3.85 | 

Min. |3.50 |3.78)8.57 |3.55|3.27 3.02/38 \3.57 |Min. min™, 3.27 
ee 

















The above Experiment was undertaken with the hope of 
discovering the law of variation of the velocity of the central 
surface filament of the stream with respect to the time, but 
the Experiment shows that the total variation is of too 
short a period to admit of discovery of its law without ob- 
servations at very much shorter intervals than five seconds. 
Increased rapidity of observation was, however, impracti- 
cable ; for occasionally two floats would—even with this 
interval at starting—reach the Lower Rope separated by 
only one-half second ; with shorter intervals successive floats 
would, therefore, probably have crossed one another, and 
thereby been mistaken for one another, which would of 
course falsify the results. The general conclusion to be 
drawn from the Experiment is— 

** The motion of water is not even approximately STEADY, 
i.e., the velocity at a point varies greatly both in direction 
and magnitude from instant to instant.’’ 

This conclusion is fully borne out by the whole course of 
the Experiments, although in other Experiments several 
floats in succession would often pass over their ‘‘ Runs’’ in 
nearly the same time, still discrepancies of one, two, or 
(occasionally) three half seconds were tolerably common, 
and did not seem imputable to errors of o ion. 

Further Experiment has led to the conclusion that, wnder 
similar external conditions,— 

‘The AVERAGE ‘ VELOCITY’ at a point, taken through 
a considerable interval of time, is constant in magnitude.” 

iments were made to determine the Surface 
Velocity-curve. It was soon found that the Surface 
Velocity- variation is very slight for } of width of channel 
about mid-channel, and very great near the banks. Velo- 
cities were accordingly measured at considerable intervals 
near mid-channel, the intervals being gradually diminished 
towards the banks. The intervals chosen were as follows, 
reckoned outwards from mid-channel. 


SoLani AQuEDuwcT. : 
Left chamber.—42}’ half width. 








Left of Centre ‘ Right of Centre. 
£ SUES ee 
394’, 374’, 35’, 323’, OS 10’, 20’, 30’, 323’, 35’, 
30’, 20’, 10’, 374', 40’, 414’, 41.8’. 





Right chamber.—42}' half width. 





Left of Centre. Right of Centre. 








41.8’, 41}', 40’, 374’, 35’, 
823’, 30’, 20’, 10’, 


Centre. 


10’, 20’, 30’, 323’, 33’, 
37%’, 394’. 











SoLANI EMBANKMENT. 
Surface half-width about 84' 4", but varying with depth. 


| 





Left of Centre. Right of Centre. 





entre. 


82’, 80’, 75’, 70’, 65’, 60’, | O | 20’, 40’, 60’, 65’, 70’, 75’, 
40’, 20’, | 80’, 82 ’ 


! 





A maximum ‘ deviation’—of about 2/ at mid-channel, 
and decreasing | ere’ to 2” or 3” near the —from 
the proper Pendant at the Upper Rope was considered in- 
admissible. Floats not passing within these intervals were 
not recorded. ‘The mean of each set of three velocity- 
measurements along any one line was considered to be the 
** velocity”’ along that line freed from observation errors. 

These ‘ velocities’ so found were plotted—for each Szrtr 
—on a suitable scale perpendicular to a base line represent- 
ing the surface width of the channel, thus laying down 
17 points in the Surface Velocity-Curve which was com- 

leted free hand. Each day’s work was plotted on the same 
~ line; so that two to four Surface Velocity-Curves 
were plotted on the same base line. 

The particular Curves were found to be of very irregular 
shape, and to disagree extremely in detail, the position of 
the Tine of maximum surface velocity varying over half the 
width of the stream ; in fact the disagreement between each 


curve was so great as to render it at first sight soniagly 
a hopeless to disentangle any simple laws out of suc 
variable data. 


(This great variability will be recognised as the necessary 
consequence of the fluid motion being really UNsTEaDy. } 
After a time, however, it seem probable that the curves— 
—thongh di i tly in detail—interlaced in such a 
manner as to be of tolerably constant area. To test this 
point, the area of each separate curve was calculated as ac- 
curately as possible. , 
The Sets are into Serres for intercomparison 
won * the variation of Gauge-depth—it being con- 
sidered that Experiments are comparable only under similar 
i —a principle condition of which is approzi- 





circumstances 
mate equality of gauge-depth. 
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TABLE III.—SURFACE VELOCITIES AND DISCHARGES. 
SoLanr AQUEDUCT, RiGHT CHAMBER—Surface Width 84 ft. to 85 ft. 















































































































































Pe ee 3 4 5 6 7 8 
| SURFACE VELOCITIES. 3 was, i bie E 
& | [Each Velocity is the Mean of Three Observations. } om . gs 
3 | 2 =| h ¢ 
gi s | & 5 a 5 3 
S i=) LEFT OF CENTRE. : RIGHT OF CENTRE. - 
z| & § ga Fi 
3 & << From To ‘ a 
e 3 5g | § FE & 3 § 2a 
5 a & | 424/418 | 413 | 40 | 37h | 35 | 324 | 30 | 20 | 10 S | 10 | 20 | 30 | 82% | BS | S7p) sop [42 Fa 
asc | ase) la 78 | 2.8 ; s J 11 | 4.22 | 4.11 | 4.22 | 4 3 3-57 | 323 | 306] 2.78 $29.63 0 o|lw re 
2.29 | 2.7 2.83 | 3.19 | 357 | 4-11 | 4 4 4:11 | 4 4-35 4-29 go 7 334,68 | +12,96 
8.2 oA 1.78 | 2.50 | 298 | 3.26 | 3-75 | 395 | 4.05 | 4.17 | 4.17 | 4.69.) 4.41 435) 4.05 | 3.80} 3.19) 3.19] 298 339,72 0 Oo; R 
= 2.34 | 2.46 | 2.83 | 3.26 | 3.49 | 4.00 | 4.05 | 417 | 4.1m | 4.48 | 4.22 4-00] 3.75 | 9.61 | 3.40] 3.19] 3.48 328.23 0 0o| WwW 
: } 
8.75 97 | 2. a 26 | 3.75 | 4-11 | 4.90 | 4.00} 4.17 | 4.27 | 4.29 | 4.29] 3.05 | 3.80] 3.93 | 3.26] 2.63 $28.40 0 Oo|R 
f 1.97 | 2.72 | 3-13 | 3 417 330.40 +8.68 
» | 1.92 | 259 | 294 | 3-33 | 3-75 | 3-95 | 4EE | 4.99 | 410 | 4-41 | 4.07 411| 3.80] 3.80 | 3.66) 3.19 | 2.63 832.39 0 o;|Ww 
9.2 
ai 1.92 2.88 | 3.00 | 3.40 | 3.66 | 4.02 | 3.90 | 417 | 4.11 | 4.11 | 4.17 | 4.29] 3.80] 2.70 | 3.49 | 3.06 | 2.83 827.15 0 0| 8 827.45 5.73 
le ‘ +004 
» | S | 203 | 2.84 | 2.04 | 333 | 3-57 | 3.90 | 3.005] 4.23 | 4.41 | 4.17 | 4.00 | 4.22] 3.90 | §.66 | 3.49] 3.93 | 259 § $27.75 9S W5| WwW 
. 2 ’ 
,~ 8.80 = 2.08 | 2.46 | 2.04 | 3.19 | 3-75 | 3-90 | 4.00 | 4.0§ | 4.2 | 4.29 | 4.11 4:17] 3.90 | 940) $49 | 3.06] 2.88 $26.13 0 o|Ww 
S| 112 { Ss : 821.81 | +0.09 
3 ma = 2.14 | 2.46 | 2.88 | 3.26 | 3.40 | 3.80 | 3.95 | 4.00 | 4.05 | 4.22 | 4.29 3-90] 3.85 | $40 | $49] §-1g |. 2.42 317.49 |S 10 0|R 
8.65 § 2.08 | 2.54 | 2.88 | 3.33 | 3-49 | 3-70 | 3.90 | 3.90 | 4.00 | 3.90 | 4.22 4.00] 3.80 | 3.57 | 3.49] $33 | 2.88: 313.09 0 o|Ww ge isa 
12.2 { ” 2.03 | 2.59 | 3.19 | 3.33 | 3-37 | 3-79 | 3:95 | 385 | 3.66 | 4.05 | 4.05 | 3.05] 362 | 3.45] 349) 2.88] 2.73 308.15 |S W 8 0; 8 : 
- 2.34 | 2.54 | 2.04 | 3.26 | 3.66 | 3.57 | 3-85 | 3-70 | 3.80 | 4.17 | 4.05 3.80] 3.57 | 3-37 | 313 | 288] 259 306.26 |S WiISWs| W 
8.65 1.92 | 2.67 | 2.83 | 3.13 | 3-49 | 4.05 | 4.05 | 4.22 | 4.17 | 4.00 | 4.05 4.00] 3.61 | 3.57 | 3.339 | 3-13 | 2.88 319.26 0 O|R cians ‘ss 
it. - 2.03 | 2.50 | 2.94 | 3.40 | 3-49 | 3.61 | 4.05 | 3.90 | 3.90 | 3.05 | 4.05 411] 3.66 | 3.61 | 3.57 | 3.26 | 2.88 309.93 0 Oo; Ww , f 
’ we 2.0, 2.38 | 2. 26 | 3 . 3. . IX | 40 22 It] 3-61 | 3.83 | 3-49 | 3-26] 2.04 821,82 0 Oo|R 
3 3 94 13 357 | 3-95 95 | 3-99 | 4 4-29 | 4 4 3 5 216.94 418 
” 2.03 | 2.73 | 2.88 | 3.40 | 3.49 | 3.85 | 3-95 | 3.80 | 3.05 | 3.05 | 400 | 3.95] 3-85 | 3.70] 3.49] 3.06] 2.88 812,05 0 0; Ww 
a Observed means| 0 206 | 2.58 | 2.93 | 3.29 | 3.59 | 389 | 3.99 | 4.04 | 4.08 | 4.19 4.17 4.09} 3.79 | 3.62 | 342] 314] 2.76] O | 821.72 
b By formule O |2.15 | 2.43 | 2.85 | 3.32 | 3.59 | 3.78 | 3.90 | 414 | 4.19 | 419 | 419 | 414) 3.90) 3.78 | 3.59 | 3.32) 2.97 330.15 
e Discrepancy ...| ... —.09 |+.05 |+.08 |—.03 +11 |+.09 |—.10 |—.11 —02 | —.05|—.11 | —16 | —.17 | —.18 | —.09 | 0 | —843 
It has been explained that the particular Velocity Curves The term Vetocrry in Hydraulics means usually only | depending on single Velocity-measurements are = 
of each ‘‘Set’’ of velocity-measurements were of very | the Resolved part of the Actual Velocity parallel to the | irregular, But the areas of the Surace habe te 
irregular shape, and disagreeing in detail. When, how- | axis of the current; for mere Discharge-measurement | Midchannel Vertical Velocity-Curve (computed from many 


ever, many “‘ Sets’’ of measurements had been made, and 
the mean of velocity-measurements calculated for each line 
of motion, the Mean Curve resulting from plotting these 
‘*mean velocities’? was found to be a regular curve lying 
nearly symmetrically about mid-channel. 

The form of the Mean Curves for the Chambers of the 
Soléni Aqueduct was so strikingly regular that they were 
selected for testing whether the average surface velocity 
was not a function solely of the position of the point in the 
surface. 

After various trials it was found that 

b=half breadth of channel. 
y=abscissa of any point on 6 (measured from centre), 
Uo=central mean velocity =max. ordi , 
w=mean velocity at any point whose abscissa is y 
=ordinate of mean curve. 
Then the following simple equation 
cae apes | (11) 
Up* 64 ; 
would represent the actual mean curve of the observations 
to a high degree of approximation. 

This curve may be called a “quartic ellipse’’—from the 
resemblance of its equation to that of the common ellipse : 
it also resembles an ellipse in form, having the same 
vertices and tangents at the vertex as the ellipse (u, # being 
co-ordinates), but lying everywhere closer to those tangents, 
and therefore outside that ellipse. 


Its area=b? f * (1-4 sineg) ~ tay. 


This definite integral is a convplete elliptic function of the 
first order whose modulus is —1_: its value is known to 


v2 
be 1.85407. . Hence 
Area of projection=1.85407...... b? 
and by the principle of projection 

Surface Discharge= 5% Area of projection 


Hence 
Surface Discharge=1.85407...u, b 
= .927...x Mean Central velocity x width 


of channel. 

This interesting result, that the surface velocity mean- 
curve in both chambers of the Soldni Aqueduct closely 
approximates to the simple geometric curve, 

ha + Ay = 

uu 6 
is probably however only a particular result, i.e., that 
this curve is peculiar to the case of — 

‘** Rectangular Masonry Channel flowing about ,% of its 

width deep. 

It would be interesting to continue this investigation 
under varied conditions, but in the present short course of 
Experiments these changed conditions could not be realised. 

‘The demands upon our space do not admit of our 
giving as full a report of Captain Cunningham's ex- 
periments as their importance deserves, but we give 
above a Table which will serve as a sample of those 
contained in the report, while the following summary 
will indicate the leading conclusions to which the 
experiments have led, 





this is a more useful quantity than the actual velocity. 


Frixrep INSTRUMENTS are—in consequence of the deli- 
cacy of observation required—in general (the ‘‘ Current 
Metre”’ cere) suitable only to positions where a steady 
support can be secured; i.¢., only to small streams and to 
observations close to margin in large streams. 

Free INsTRUMENTS are alone suited in general to large 
streams. FREE INsTRUMENTS do not measure the VELO- 
CITY ata point but only the AVERAGE VELOcITY (the term 
Velocity being taken as above defined) along the Stream-line 
throughout their Run: for mere Discharge-measurement 
this is quite as useful a quantity as the resolved part of the 
actual Velocity at a point would be. 

No ‘ Free Instrument’ yet invented for measurement of 
Subsurface-velocity in a large stream is quite satisfactory. 

The Conditions which should be fulfilled by an Instru- 
ment of ‘‘ direct observation’ are essentially inconsistent, 
and can therefore be only partially satisfied together. 

Instruments of “‘ Indirect observation’’ labour under the 
disadvantage of depending on some hypothesis of law of 
finid pressure. Most ‘‘ Fixed Instruments’ have this 
disadvantage. : 

Of the four Subsurface-Instruments tried, and as con- 
structed for these riments : 

The ‘‘ Single Ball’ fulfils all conditions except—(the 
most important for an Instrument of “‘ direct observation’’) 
—that its surface-float is not small enough for the effect of 
surface-action on it to be fairly negligible. 

The ‘‘ Tin’’ fulfils that condition in the highest ible 
a , but fails in not exposing a constant surface directly 
and laterally to the current, and in not retaining itself at a 
constant known depth. 

The ‘‘ Twin Balls” depend for their utility on a hardly 
certain Theory, and the observational requirements of that 
Theory are very difficulty to fulfil 3 they are, therefore, 
liable to more irregularity than the “ Single Ball.” 

Wood is too hygroscopic to be a really suitable material 
for these instruments for delicate observations ; metal would 
be preferable. 

The ‘‘ Single Ball’’ made in metal would probable be as 
good a Subsurface ‘‘ Free Instrument’’ as could be desired. 

The “ Rod’’ is not well suited for experiments to investi- 
gate laws of fluid motion, and is useless as an Instrument 
of precision for measurement of Mean Velocity of a vertical 
plane; but the discrepancy between the Velocity of a Rod 
and the Mean Velocity peg its length is not so great 
as to interfere seriously with its practical use for Dis- 
charge-measurement. 

The Motion of alarge body of water is UNsTEaDy, (even 
in a uniform channel of great length) 1.e., the velocity at 
a point varies considerably from instant to instant. 

Single Velocity-measurements are therefore incomparable 
unless simultaneous, a condition generally impracticable. 

The AvERAGE VELOcITY at a point taken through a 
long interval of time, is sensibly constant under similar 
external conditions (of wind, depth, &c.). 

Average-Velocity-measurements derived from very nume- 
rous observations are therefore alone comparable, and not 
single measurements. Hydraulic Experiments in general 
must therefore necessarily be very tedious, and consequently 
very expensive. Comparative Experiments with different 
Instruments are therefore also very tedious. 

Horizontal V elocity-Curves and Vertical Velocity-Curves 








ordinates, ¢.e., velocities measured—not simultaneously— 
but in succession) are approximately constant. There isa 
probability, therefore, that the euperficial) Discharges 
across the surface, and in the mid-channel Vertical plane are 
approximately constant. 

‘The Surface-Velocity Mean Curve is strikingly regular 
and is symmetrical about mid-channel in a symmetric uni- 
form channel of great length. Its form depends on the 
figure of the cross-section. In avery wide channel (breadth 
not < 9xdepth), it fs a be flat Curve. In a rectangular 
section in masonry with a depth = x of breadth it is ap- 
proximately a ‘‘ quartic ellipse’”’ whose equation is 


ut yt 
—+%—=1, 
Uot bs 
The Surface-Discharge in same case 
=,.927 x Central Surface-Velocity x Surface breadth, 
The Surface-velocity near the margin decreases very 
rapidly with at mene Aa the margin, and at the margin 
itself is extremely small, coe zero in case of straight 
margins of great length. There isa constant surface-motion 
from the margin towards the centre, most intense at the 


The AVERAGE CENTRAL SURFACE-VELOCITY varies at 
same place on a calm day nearly as the square root of the 
a depth, or as the square root of the hydraulic mean 


depth. 

The Mid-channel Vertical Velocity Mean Curve is 
strikingly regular, and is approximately a common parabola, 
whose equation is— 

(2—Z)*=p (V—v) 
whose Axis is usually below the surface at a depth (Z) de- 
pending on the state of the wind, and whose parameter in- 
creases very rapidly with the depth. 

The Mid-channel Mid-depth Velocity is variable from in- 
stant to instant, but the ave of the same through a long 
time exceeds the Mid-channel Vertical Plane Mean Velocity 
(U) by a very small fraction ; and is, therefore, convenient 
as a practical measure of that Mean Velocity. 

The form of the Curve is hardly well enough determined 
(to be a common parabola) to admit of the Bottom Velocity 
being thence inferred. 

The line of maximum Velocity of a Vertical Plane 
highest at Mid-channel, and is more and more deep-seated 
further from Mid-channel. 

The Velocity of a ‘‘ Rod’’ is variable from instant to in- 
stant but its average velocity over a long time is sensibly 
eontean Velocity C depending on single M locity 

ean Velocity Curves depen on single Mean veloci' 
measurements are irregular. But their aren is nearly con- 
stant, showing that the (cubic) Discharge is nearly constant. 
The Mean Velocity Mean Curve is very regular, and very 
much flatter than the Surface Velocity Mean Curve. 

The Mean Velocity of a vr section, 85’x9’, in 
masonry, computed from Mean Velocity Measurements 
with (Kods) does not differ from the Mean Velocity of the 
Darcy-Bazin Results more than the probable observation 
errors. 

The author acknowledges his obligations to Major A. M. 
Lang, R.E., Principal of the Thomason College, and to 
other offiers for assistance and advice in carrying out the 
et aaa upon which his report and conclusions are 
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NOTICES OF MEETINGS. 

Tue INSTITUTION OF CIVIL ENGINEERS.—Tuesday, January 
llth, at 8p.m. The Inaugural Address of the President. 

INSTITUTION OF SURVEYORS,—Monday evening, January 10th, 
Discussion upon the Paper read by Mr. W. D. Gardiner at the 
last Meeting, entitled “The Present State of the Law Relating 
to Lights.” The chair to be taken at eight o’clock. 

Society OF TELEGRAPH ENGINEERS. — Wednesday, January 
12th, at8p.m, Mr.C. F, Walker, F.R.S., President, will deliver 
his Inaugural Address. Adjourned Discussion on Mr. Fleetwood's 
Paper “ Underground Telegraphs, The London Street Work.” 
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THE AMERICAN NAVY. 

Tue report of the Secretary of the American Navy, 
Mr. Robeson, for last year, is in itself an interesting 
record of much useful work accomplished with but 
slender means, while, as an apparently frank state- 
ment of the American naval power, it must command 
attention from all who care about the progress of the 
British navy. 

The United States navy, according to Mr. Robeson, 
consists of 147 vessels of 152,492 tons measure- 
ment, and carrying 1195 guns. Of these 26, carry- 
ing 266 guns, are sailing ships ; 25 are tugs—else- 
where defined as towing, ferry, surveying, or torpedo 
boats ; and three, designed as large sea-going iron- 
clads, have never consisted of much more than 
‘*their wooden frames.” This leaves 93 real fight- 
ing ships, divisible as follows: First, 24 ironclads, 
consisting of a serviceable but weak razéed wooden 
frigate, the Roanoke, of 2260 tons and 6 guns; dive 
double-turreted monitors, all under repair, and of 
which the Puritan, of 1870 tons, is probably the 
only vessel formidable to a modern lish iron- 
clad; and 15 serviceable single-turreted monitors, 
all of about 500 tons burden, — the Dictator, of 
1750 tons, a really powerful vessel in her way, carry- 
ing (or originally intended to carry) 20-in. smooth- 
bore guns, and with a thickness of armour which 





justifies her being numbered, like the Puritan, 


among modern fighting shi The rest are doubt- 
less of value as coast-defence ships, or for the 
attack of such fortified places as Spanish, or 
perhaps even British America, contains, but it 
should be no offence to the gallantry of American 
sailors to say that the whole of them in combina- 
tion might be sent to the bottom in an hour by 
the es or even by the rams alone, of a 
couple of Devastations. Their low speed, thin 
and laminated armour, and comparatively puny guns, 
and we fear we must add, unseaworthy qualities, 
unfit them for combat with modern ironclads, 
but they remain, none the less, one of the most 
striking monuments of American genius and perse- 
verance. They were built to do a certain work, and 
not only did they do it apres but, so far as can 
now be seen, nothing else could have done it near] 
so well. If their day is past, they at least gave f 
value long ago for thie money laid out upon them. 
The Puritan and Dictator, and possibly our old 
friend the Miantonomoh (who fluttered our hearts 
at Spithead in the pre-Devastation days) stand on a 
different footing, and, if not comparable with our 
best ironclads, would have to.be treated with some 
respect. But two or three small turret ships do not 
make a fleet, and if there were any satisfaction in 
knowing the powerlessness for aggressive pur- 
poses of the American nation, as against ourselves, 
we may rejoice in the most certain assurance. 
But, to do them justice, their Secretaries of the 
Navy have ceased to draw fancy pictures in their re- 
ports of the British mercantile marine burning in 
wholesale conflagrationin the track of newly invented 
American cruisers, and the present report is as free 
from bombast as any state paper could possibly be. 
It offers us no inducement to design a new class of 
ships, ‘‘in reply,” or to wish anything but good to 
a navy which is far more likely in the future to fight 
side by side with us than against us. Indeed, Mr. 
Robeson’s only references to the British navy are 
complimentary, and chiefly consist in a ul— 
because adequate and yet not exaggerated—acknow- 
ledgment of some slight services which the British 
admiral in the Pacific endeavoured to render on the 
occasion of the loss of an American man-of-war. 
Before leaving the ironclads-it should be noted that 
no less than 24 monitors have disappeared from the 
list since July, 1872. 

Next to the ironclads stand two small torpedo 
ships, the Alarm and Intrepid, slightly armoured, 
we believe, and exceedingly formidable auxiliaries 
for coast defence. 

The wooden steam vessels, apart from tugs, &c., are 
said to number 70, including 8 new sloops, and 10 
others practically rebuilt during the last two or three 
years ; 29 are saidto bein ordinary, and presumably 41 
arein commission. Of those in ordinary, 12, ‘‘ though 
requiring more or less repairs to their boilers and 
machinery, could, if needed, be put into condition 
for service as soon as sailors could be enlisted to man 
them,” a statement which inferentially offers an un- 
favourable view of the remaining 17, and suggests— 
as does another part of the report—some doubts on 


the too familiar question of Di nes the navy.” | an 


The 4l—or 53—available cruisers of the United 
States are, we believe, exclusively of wood, and the 
greater number, from age, material, slowness, and 
other causes, would be considered in our navy far 
from efficient. The Franklin, for instance, a magni- 
ficent but not fast frigate of over 5000 tons, is built, 
if we rightly remember, of fr, and no of the 
report sounds stranger to English ears than that in 
which the writer entreats Congress to allow him to 
lay in a stock for future years, of ‘‘ our sea-shore 
live-oak, the best timber in the world.” Mr. Robeson 
talks about timber as Englishmen did 50 years ago, 
in language which irresistibly suggests that the idea 
of building in iron has no practical shape in his 
brain, though it is now nearly two years since, 
even for the smallest gunboats, the use of wooden 
ribs was finally doomed in the British navy, and 
‘* Hearts of Oak’’ lost its meaning. Nothing could 
show more clearly the unprogressive and unambitious 
character of the present American naval policy, for 
if any feat in shipbuilding has been proved here to 
be impossible, it is the construction of a useful and 
durable high-speed cruiser in any material but iron 
or steel. , 

It is only just to the American cruisers to ac- 
knowledge that amongst them are vessels which, 
from their great size, and from the heavy armament 
traditional in their navy, are almost without a match 
so far as fighting goes, amongst our unarmoured 
ships, The Inconstant, Shah, and Raleigh, and 





two or three smaller. vessels of the same 
building, are more powerful, but we have no wood- 
built ships able to engage the best of the Americans, 
and one possible result of a war would be another 
such series of American successes in single ship 
actions as marked the war of 1812. Our earlier 
breadside ironclads, which are now unfit for fightin 
their own kind, but which are fast enough to ca 
nearly anything, would then have to, be put to what 
we have always contended to be their true use, viz., 
the destruction of the enemy’smore powerful cruisers. 
They would soon redress the balance, by giving us 
an overwhelming preponderance of cruising power, 
but perhaps not before English captains had again 
learned to their cost that American ‘ sloops” are not 
as English sloops, or American “‘frigates” as English 
frigates. So long as the United States are un- 
willing to incur the expense of an ironclad navy, 
or of a fleet of moderate-sized cruisers extensive 
enough to be able to effectually destroy an enemy's 
commerce, they are doubtless right in repeating their 
old tactics, and in giving their best energies to the 
building of very powerful cruisers, and we may be 
thankful that the possession of the Warrior class 
of ironclads relieves us from the necessity of build- 
ing many more Inconstants at present, 
e American navy appears to be very deficient 

in small vessels of our gun-boat, si and 
small sloop class, no doubt because it has much 
less use than ours for the services of such vessels in 
time of peace, and because it hopes to extem- 
—- them in time of war. It is also very in- 
erior to ours in respect to the corvette class of 
ships—vessels, that is, of 1400 or 1500 tons burden. 
This, which may be called our standard cruising 
size, because the size at which a speed of 13 knots, 
and an armament heavy enough to chastise priva- 
teers, become possible, is hardly represented in 
the American list, It is to this class we should 
have to look in the event of war to yse the 
American attempts to improvise cruisers out of 
merchant vessels, and it is well for us that the 
class is now a large one, since the large American 
cruisers aig J mentioned might thin their numbers 
somewhat, before they in turn were exterminated 
by our Inconstants and the fleeter, ironclads. We 
have no belief in either side being able to improvise 
these 13-knot ships, and do not believe that either 
could carry on a successful war against the enemy's 
commerce without a good supply of them. 

Though on the whole the American navy is practi- 
cally insignificant beside that of this country, it 
does a very large amount of work in the way of 
surveying, carrying scientific and distinguished 
ppeoane about, and ‘ my om, Fe the flag,” and Mr. 

beson’s report gives the idea that his officers and 
men have a tolerably hard time of it. It scarcely 
appears, however, to be a cheap navy, for it costs 
in round numbers nearly half as much as ours, 
which both maintains an immensely greater force, 
and grows far more rapidly. That its expensive- 
ness is not due to want of being looked after may be 
inferred from the plaintive way in which the Setre- 
alludes to previous ref of grants asked for, 
begs for such small mercies as ‘‘an appropriation 
for building a boun wall on the west side of the 
(Boston) yard,” the only present enclosure of which 
is ‘a di eaenen wooden fence, part of which forms 
the side of a large coal shed situated upon the adjoin- 
ing private property.” The tone of the report gene- 
rally suggests a somewhat mean and petty mode of 
dealing with the naval administration on the of 
Congress, which is probably due to the fact that-its 
head. cannot state his wants and his wishes face to 
face with the House, as our First Lord may and 
must do. Secretary Robeson isa mere civil servant, 
neither directly appointed by nor removable by — 
Congress. He has no responsibility to it in our 
sense, and is without any corresponding personal 
influence in its decisions. He may be a man of 
great political weight and wisest statesmanship, but 
néither his weight nor wisdom are allowed scope 
under the American constitution. The ultimate 
decision upon all his plans rests with —— whom 
he is given no chance of converting to his views, 
save ugh a printed paper like the present, and, 
if we read the latter aright, the natural consequence 
ensues. Neither Congress nor nation will interest 
itself enough in the navy to grant it supplies 
—not because either is really mean, but because it 
has no sufficient means of knowing the true facts of 
the case. An English First Lord of the Admiralty 
may sometimes envy his tranquil colleague across 
the Atlantic, exposed to no fire of nightly questions, 
but he would feel that his power for good in mould- 
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ing. a glorious service was small indeed if he had 
not the right and privilege of taking Parliament into 
his confidence, and claiming its sympathy and 
assistance. Without the desire to contemn any 
detail of the American Constitution, we have a very 
distinct preference for the system which gives us a 
First Lord's h on introducing the navy esti- 
mates, rather Mr. Robeson’s printed report, 
however modest and clear the latter may be, and 
however creditable the facts it discloses may be to 
the department over which he presides. 


THE HOWARD BOILER. 

Wirnm the past few weeks there have occurred 
two explosions—each attended unfortunately with 
the loss of two lives—of boilers of the Howard 
‘* Patent Safety” type, and the explosions have oc- 
curred under conditions which appear to us to call 
for some comment. The first explosion of the two 
took place at Messrs R. R. Jackson and Brother's 
Harley-street Old Mill, Blackburn, on the 24th of 
November last, and a description of the boiler 
which exploded and of the nature oi the failure 
will be found in the report by Mr. L. E. Fletcher, 
the Chief Engineer to the Manchester Steam 
Users’ Association, which we print on page 6 of 
the present number. From the facts there stated 
it will be seen that the boiler failed by the bursting 
of one of the bottom pipes, the conclusion being 
that this pipe had been overheated consequent 
upon defective circulation, the water, in fact, being 
driven out of it by the rapid generation of steam 
within it. In the course of the inquiry before the 
coroner it was asserted on the part of the patentees 
of the boiler that the explosion had been caused by 
the removal from the upright connecting pipes of 
the boiler of certain deflecting plates which are 
intended to separate the upward currents of steam 
from the downward currents of water, and as great 
stress was laid upon the value of these deflecting 
plates it is desirable that our readers should have a 
clear idea of their arrangement. As described in 
Mr. Fletcher's report the boiler is made up of 
sections each composed of a series of nearly hori- 
zontal pipes connected at one end to a vertical pipe 
of D section. The deflecting plates are merely 

ieces of thin plate bent to a semicircle and placed 
in this D pipe, so that each plate forms, as it were, 
the continuation of the upper half of the horizontal 
tube to which it corresponds. The deflecting plates 
of course have a rectangular form in plan, and 
when placed in the D tube they leave three spaces 
through which circulating currents can pass them. 
The intention of the arrangement is that the steam 
issuing from the upper part of a horizontal tube 
shall be conducted by the deflecting plate until it 
can escape up the front space, while the down- 
ward currents of water are supposed to pass the 
deflecting plates at the sides. That deflecting 
plates so arranged will be of considerable service 
we have no doubt, but to secure their action they 
should be so fastened in the D tube that there is no 
chance of their being displaced, while it should also 
be possible to ascertain after the boiler is put 
together that they are properly in position. 

According to the evidence given at the inquest 
on the the men killed by the Blackburn explosion, 
the boiler which failed had been lately repaired by 
a man sent by the Barrow Engineering and Ship- 
building Company, who are the present makers of 
the Howard boiler, and this man it appears removed 
the detiecting plates and did not replace them. It 
also appeared that in the case of another Howard 
boiler which had exploded at the same mill in August 
last (fortunately without causing an rsonal 
injury), the deflecting plates had fallen down out of 
position. We have had an ney of examining 
one of these deflectors which had broken off its 
fi , and we found that it had been held at one 

int only by a very light piece of angle iron which 
ad broken through the root, allowing the plate to 
fall. The rivet which held one web ef the angle 
iron to the D pipe was of course uninjared, and 
thus no leakage was caused, and no external evidence 
existed as to the deflector having been displaced. 
It is in fact only by taking the boiler to pieces that the 
condition of the deflectors can be ascertained. Theo- 
retically considerable importance appears to have 
been attached to the action of these deflectors, but 








practically they ap to have been somewhat 
neglected, end bom ormation we have received 
there appears to be considerable doubt amongst 


some owners of Howard boilers of the which 
at Blackburn, as to whether their boilers 


have these deflectors in position or not, After the 





lesson taught by the Blackburn disaster, no one 
using this type of boiler should remain in doubt on 
this point, particnlarly if his boiler is at all hard 
worked, 

The Blackburn inquest afforded but another in- 
stance of the unsatisfactory manner in which the 
inquiry into the cause of a boiler explosion is at 
— carried on before a coroner's jury. At 

lackburn the inquiry became most desultory, and 
much of the evidence—or perhaps we should rather 
say conversation—was unreported even by the local 
press. This is much to be regretted, as every in- 
quiry into a boiler explosion, if properly conducted, 
should form but a step towards obtaining security 
in the future. In order that it may serve this pur- 
pose, however, it must be properly conducted, under 
the charge of some one having the professional know- 
ledge necessary to enable him to carry out such an 
inquiry. The verdict returned by the Blackburn 
jury, was, we may remark, one of “ accidental 
death” wihout any comment. 

Before dismissing for the present the Blackburn 
explosion we may remark that in this case at all 
events no blame appears to attach to the boiler 
owners. Messrs. Jackson have, in fact, from the 
first behaved in the most liberal and open manner 
in this matter, and appear to have done all they 
could, as far as their Tevutedee went, to make the 
boilers secure. Judging from the evidence, how- 
ever, their attention appears never to have been 
directed to the deflecting plates, and hence the con- 
dition and position of these plates was never made 
a matter of special examination. 

The second explosion to which we referred at the 
commencement of this article occurred at Man- 
chester on the 17th ult., the boiler which failed 
being one at Messrs, Moseley’s India-rubber Works, 
Ardwick. In this case, according to a report made 
by Mr. R. B. Longridge, the Chief Engineer to the 
Boiler Insurance and Steam Power Company, 
Limited, the explosion ‘‘ resulted from the rupture 
of the top pipe of a section where connected with 
the vertical pipe. The connexion was made by a 
screw coupling, a ring having been welded inside 
the pipe for this purpose. The weld had evidently 
not been sound, as when rupture took place the 
pipe became detached from the ring throughout 
the entire circumference; so that but for a centre 
stay or tie rod, the tube would have been blown 
out of place.” Mr. Longridge then goes on to 
state that the rupture of the pipe had not resulted 
from this imperfect weld but from an extensive 
blister in the plate. It appears, however, that the 
rent did not extend through the blister, and the im- 
mediate cause of the mee appears to have been 
the removal of one of the diaphragm flue plates 
which divert the current of hot gases. The effect 
of this removal was to allow the flames to take a 
short ‘cut to the main flue, impinging in their 
course upon the top tube, which thus became over- 
heated, with the results stated. The jury in this 
case returned a verdict of ‘‘ accidental death,” and 
appended that ‘‘in their opinion such boilers could 
not be worked without danger to human life.” Mr. 
Herford, the coroner, however, refused to aceept 
this expression of opinion, telling the jury to leave 
that to scientific men. We have here another in- 
stance of the extremely unsatisfactory nature of 
the present inquiries into boiler explosions. In the 
case of the disaster at Messrs. Moseley’s, the evi- 
dence tendered either warranted the expression of 
opinion quoted, or it did not. If it did, then this 
opinion should undoubtedly stand as part of the ver- 
dict; if it did not, then such opinion should never 
have been expressed, Under competent professional 
guidance this inquiry might have been valuable, as 
it is, it has resulted merely in a difference of opinion 
between the coroner and jury. 

Notwithstanding the unsatisfactory nature in 
many respects of the recent inquiries at Blackburn 
and Manchester, they have brought forward facts 
which ought, we think, to teach their lessons to 
those in charge of Howard boilers, and it is with 
this view of giving prominence to their lessons, and 
so aiding in ‘the avoidance of future disasters, that 
the present article has been written. We have now 
before us notes of sixteen ae of Howard 
boilers, four of these having n of the vertical 
and eleven of the horizontal tube type. Of. the re- 
maining boiler we have no details, As the eleven ex- 
plosions of the horizontal tube boilers have occurred 
within the last three years, and have resulted in the 
loss of thirteen lives, it a desirable that their 
causes should be ified. An examination of the 
facts before us shows that in four instances the 





explosions were caused by one of the longitudinal 
— breaking away from the vertical pipe, the 
ailure resulting either from the weakness of the 
connexion or from corrosion caused by leakage. 
Prominent attention was called to this source of 
danger by the explosion at Wapping in May, 1873, 
and that at Bristol in September of the same year, 
and we believe that all boilers of this type are now 
strengthened by stay bolts running longitudinally 
through the horizontal tubes, and binding the latter 
to the D pipes. At all events, since the Bristol ex- 
wna we have no record of any rupture of a 
oward boiler due to this cause. 

‘The seven remaining cases of explosion of these 
horizontal tube boilers of which we have notes, have 
all with one exception been caused by the rupture 
of one of the bottom tubes consequent upon over- 
heating. The exceptional case is that at Messrs. 
Moseley’s- works, of which we have just been 
speaking, and in which one of the top tubes was 
ruptured, The overheating of the bottom tubes 
appears in most of the instances to have been attri- 
butable to defective circulation, and we regret that 
we are not in a position to state whether or not in 
all these cases the deflectors of which we have been 
speaking were absent or out of place. If they were 
absent a kind of negative evidence would be afforded 
as to their value. 

As the matter stands, the failures of the type of 
Howard boilers, of which we have just been speak- 
ing, may be regarded as impressing upon the owners 
of such boilers the necessity of attending specially 
to the efficient staying together of the horizontal and 
vertical tubes by longitudinal stay bolts, to the secure 
fixing of deflectors, and to the proper arrangement 
of the flue diaphragm plates. ‘lo these points we 
may add the desirability of providing the lower 
row of tubes with fusible plugs, especially in cases 
where the boilers are heavily fired. As there are, 
we believe, now between 600 and 700 Howard 
boilers in use, we may, by directing attention to these 
points, be rendering some service. In conclusion, 
we should state in justice to Messrs. Howard, that, 
as far as we are aware, no explosion has yet occurred 
with the type of boiler now being made under their 
patents by the Barrow Engineering and Ship- 
building Company. In this type, which we illustrated 
on pages 72 and 73 of our eighteenth volume, the 
horizontal pipes are connected to vertical pipes at 
both ends, and greatly superior facilities for circu- 
lation are afford 


REGISTRATION OF TRADE MARKS. 

A BRIEF allusion was made last week to various 
defects in the recently issued rules under the Act 
for the Registration of Trade Marks, and we drew 
special attention to the classification which had been 
adopted. In order to show the great importance of 
the question, we must quote those portions of the 
Act and of the rules which relate to this part of the 
subject. Section 5 of the Actsays: ‘‘ Where each of 
several persons claims to be registered as proprietor 
of the same trade mark, the Registrar may refuse 
to comply with the claims of any of such persons 
until their rights have been determined by the Court, 
and the Registrar may himself submit or require 
the claimants to submit in the prescribed manner 
their rights to the Court.” 

Section 6 enacts that ‘‘The Registrar shall not, 
without the special leave ef the Court, to be given 
in the prescri manner, register in respect of the 
same goods or classes of goods a trade mark iden- 
tical with one which is already registered with re- 
spect to such goods or classes of goods, and the 
Registrar shall not register with respect to the same 
goods or classes of goods a trade mark so nearly re- 
sembling a trade mark already on the register with 
respect to such goods or classes of goods as to be 
calculated to deceive.” The rules relating to classi- 
fication are as follows : 

‘*17. Where each of several personsclaimsto be re- 
gisteredas proprietor of the same or a nearly identical 
trade mark, in respect of the same goods, or goods 
belonging to the same class, the Registrar shall use 
his discretion as to registering all or any of such 
trade marks, either unconditionally or on condition 
of the introduction of such variations (if any) or 
otherwise as he thinks fit, or the Registrar may, if 
in any case he thinks it expedient, submit or require 
the claimants to submit their rights to the Court. 

‘¢18. Where a trade mark has been already re- 
gistered in respect of any goods or description of 
goods belonging to one particular class, a trade 
mark identical with such trade mark, or so nearly 











resembling the same as to be calculated to deceive, 
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shall not, without leave of the Court, be registered 
in the name of another person as proprietor thereof 
with respect to any goods in that class. 

19. Where goods may be considered as belonging 
to two or more classes, and the trade mark has been 
already registered in respect of such goods as _ be- 
longing to one particular class, a trade mark 
identical with such trade mark, or so nearly re- 
sembling the same as to be calculated to deceive, 
shall not, without leave of the Court, be registered 
in the name of another person as proprietor thereof 
with respect to the same or similar goods as belong- 
ing to another class.” 

We showed in the course of our article on Mr. 
Wood's paper read before the Society of Arts, that 
unless very great care and caution were exercised in 
drawing up the scheme of classification, vested 
rights would be seriously injured. It must be re- 
membered that the Act deals with a state of things 
already existing. It is not as if trade marks were 
unknown, and an Act were passed compelling 
vendors and manufacturers to use a mark for the 
future. In that case one system of classification 
would do almost as well as another, however ar- 
bitrary it might be. But we have to deal with a 
widely different state of things, and we venture to 
think that the “discretion” of the Registrar and 
the powers of the Court will have to be appealed to 
far oftener than is generally supposed. Some of the 
classes are extremely wide and include branches of 
trade which are totally distinct. The effect of 
Rule 18 will be that a person who obtains registra- 
tion of a particular mark will be held to have re- 
gistered it for all goods belonging to that class. He 
does not want this ; he is simply desirous of obtain- 
ing protection for his own mark as applied to his 
own special goods, and why should more than this 
be forced upon him, so to speak? We can make 
our meaning clearer by giving an example. Class 5 
consists of *‘ unwrought and partly wrought metals 
used in manufacture.”” Now the brands on bar, 
rod, and sheet iron are very numerous, and although 
no instance occurs to us at the moment, it is not at 
all unlikely that a mark exactly resembling an iron 
brand of repute may be well known as applied to 
tin-plate, galvanised iron, lead (either pig or sheet), 
copper in its various forms, zinc, tin, pewter, bronze, 
brass, antifriction metal for bearings, and a host of 
other things. It must be recollected also that we 
have the Continental and American marks to con- 
sider, for they also will be registered here. What 
possible objection can therebe, for instance, in allow- 
ing the same mark to appear on piano-forte wire and 
tin-plate, on hoop iron and sheet copper, on gal- 
vanised iron and rails,*or on boiler plate and fusible 
plugs ? 

The truth is, that purely artificial classes have 
been created “for the purposes of this Act,” and 
for no other that we can discover. If the present 
system of classification is persisted in, the Registrar 
will, for some time to come, be tolerably busy in 
settling questions which need never had arisen, and 
“the Court” will be occupied either in reversing his 
decisions (for we presume that there will be an 
appeal, although the rules do not provide for it) or 
in deciding those difficult cases which the Registrar 
does not feel competent to enter upon. 

There are many other objections to the classifica- 
tion adopted besides that which we have pointed out. 
In the majority of cases it is possible to arrange 
any given article under two heads, and in many in- 
stances the traditional ‘three courses” are open to 
us. The outlay of a shilling will enable any one to 
purchase a copy of the rules, and the fortunate 
repens may find in them a pleasing exercise for 

is ingenuity. Let him select any article at random, 
say, a ship’s chronometer, and then guess where it 
should be placed. Does it belong to ‘“‘ Horological 
instruments” or ought it to go with ‘‘ Naval archi- 
tectural contrivances and equipments,” including 
such things as ‘‘ Boats, anchors, chain cables, wind- 
lasses, rigging, and logs”? Is a sextant a ‘‘ Philoso- 
phical instrument,” or is it a ‘‘ Naval equipment”? 
‘* Statuary porcelain” is classed with ‘‘ Porcelain and 
earthenware,” but “imitation marble” belongs to 
another class, although statuary porcelain or 
‘¢ Parian” was ‘considered by the introducers to be 
the best imitation of marble ever produced. Diving 
apparatus and electric bells-belong to one and the 
same class, Hair mattresses, and we presume also 
feather beds, belong to “Leather, and skins un- 
wrought and wrought, and hair and feathers,” al- 
though something might be said in favour of placing 
them in ‘‘ Furniture and upholstery.” What shall be 


done with a ‘‘flock” mattress, and is a ‘‘ water bed” an 








article of upholstery, is it a ‘‘ surgical apparatus,” 
or should it be arranged with ‘‘ Goods manufactured 
from india-rubber and gutta-percha not included in 
other classes”? Isa lancet a ‘* Surgical instrument,” 
or does it belong to “‘ Cutlery”? Starch is classed 
with ‘‘substances used as food,” but as we have 
observed in a former article, starch in the popular 
acceptation of the term, that is, laundry starch, is 
not an article of food, although starch as a chemical 
compound enters ev into the composition of all 
farinaceous foods. Wesaid last week that the classi- 
fication would serve very well for the purposes of 
an exhibition, and that it bore a great resemblance to 
the mode of arrangement adopted on those occasions. 
Since then we have referred to the catalogues of the 
Exhibitions of 1851 and 1862, and we find that many 
of the groups exactly correspond with those adopted 
by the framers of the rules under the Trade Marks 
Registration Act. : 

Much more remains to be said with regard to 
these rules, and it is fortunate for the owners of 
trade marks that they are not final. They will be 
laid upon the table of the House of Commonsat the 
commencement of the next session, and it will 
then be competent for any member to move amend- 
ments. 

We cannot close our article without saying that 
we have throughout used the word ‘ Registrar” in 
a strictly impersonal sense, and without any espe- 
cial reference to the present holder of the office. 
We cannot, of course, be guilty of the bad taste of 
praising Mr. Lack, but we wish him a speedy re- 
lease from the bonds and shackles of a crude and 
ill-digested set of rules. The pressure will not, 
probably, be felt until after the expiration of the 
three months, when the issue of the certificates of 
registrations will begin. Unless we are greatly mis- 
taken, Mr. Lack will then find himself somewhat in 
the position of those brave knights of olden time, 
who were not vanquished in the conflict, but were 
overcome by the weight of their own armour, 


STEEL BOILERS. 

‘‘In Great Britain few, if any, stationary boilers, 
‘cand no marine boilers, are made of steel”! This 
astonishing assertion, which we quote from aleaderin 
The Engineer of last week, must, we think, have been 
perused with very considerable surprise by a largepro- 
portion of our contemporary’s readers, and it must 
have excited inquiries as to whether it had been 

enned by a writer who, instead of keeping himself 
informed of what was going on in the engineering 
world, had passed the last few years of his life in 
peaceful slumber. Surely a writer in a professional 
journal ought to know that thousands of tons of 
steel boiler plates have now been turned out at 
Bolton, Barrow, Sheffield, and elsewhere in this 
country, and if he does know this what can he 
imagine has been done with all these plates if they 
have not been made into boilers. We thought that 
every one claiming any acquaintance with the subject 
at all knew that the construction of steel boilers is, 
and has been for a long time past, steadily increas- 
ing. Messrs, Hicks, Hargreaves, and Co., of Bolton, 
alone have turned out considerably over 3000 tons 
of steel boilers for stationary purposes, and we 
believe that they now never make iron boilers unless 
specially ordered to do so. Messrs. Platt Brothers 
have for a long time used nothing but steel for the 
boilers at their enormous establishments, and some 
of these steel boilers have, we believe, seen over a 
dozen years’ service. Messrs. D. Adamson and Co., 
and other well-known makers too, have turned out 
scores of steel boilers for use at mills, &c., and Mr. 
Adamson has for a long time made it a practice to 
construct the furnace ends of the flues of Lancashire 
boilers of steel, even when the rest of the boiler is 
of iron. Steel boilers also are now in use at sea, 
notwithstanding The Lngineer’s assertion to the con- 
trary, but as yet the material has not been so ex- 
tensively used for marine as for stationary purposes. 
How in the face of auch facts our contempo: can 
make the assertion we have quoted is a puzzle we 
shall not attempt to solve. 

Later on in the samé article the writer in The 
Engineer procedes to say: ‘It is not too much to 
“assert that steel has not been successfully used 
“in this country as a material for boilers, save 
‘in a very few insignificant instances, always ex- 
‘“‘cepting, we presume, the practice of Mr. Webb, 
‘* about which he is remarkably reticent.” We have 
here a reiteration of the absurd statement on which 
we have already commented combined with an im- 
plied doubt as to the stecess of Mr. Webb’s em- 
ployment of steel on the London and North-Western 








Railway. Now nothing could be more unjust than 
this insinuation and the implication that Mr. Webb 
is “reticent” as to the results he has -obtained. 
The truth is that there are no works in the world 
more freely thrown open to inspection than those at 
Crewe, while there is probably no locomotive en- 
. aed whose practice has been more fully and freely 

iscussed than Mr, Webb's. Mr. Webb has suc- 
ceeded with steel boilers simply because he makes 
them of the right class of material and treats that 
material in the right way. There is no secrecy 
either as to quality of the material or its treatment, 
and it is simply ridiculous to imagine that in the 
case of a line like the London and North-Western 
there could be anything like secrecy as to the re- 
sults. We have ourselves mentioned on several 
occasions the tests adopted by Mr. Webb to secure 
uniformity in the quality of the plates used, and it 
is certain that by maintaining this system of testing 
and by the proper treatment of the plates during 
their manufacture into boilers he is able to secure 
most highly satisfactory results, In saying this we 
do not wish to give the impression that steel has 
from the first been successfully used at Crewe. 
Before the nature of the material was properly 
understood, Mr. Webb, and Mr, Ramsbottom before 
him, undoubtedly had failures, but these failures were 
regarded not as reasons for giving up a valuable 
material but as lessons teaching how it should be 
used, and hence the present success, 

In the same article the writer in our contemporary 
speaks especially of steel fireboxes, and he asks 
“Will any English locomotive superintendent 
‘¢ follow American practice and carry 120 Ib. in 
* boilers the fireboxes of which are made of steel 
‘plates one-fourth of an inch thick?” imagining 
apparently that such a thickness would be at once 
condemned in this country as perfectly inadmissible. 
Yet Mr. Webb has for a long time carried steam at 
130 lb. in boilers having firebox plates +, in, thick, 
so that the difference between English and American 
practice is not so very t after all. We ourselves 
believe that therewould be no objection tousing ¥, in. 
plate for locomotive fireboxes, if only that thickness 
would permit a proper job being made of the stay. , 
ing. On the London and North-Western the ex- 
perience as regards steel fireboxes has not as yet been 
anything like as extensive as that of steel boiler 
shells, nor has iton the whole been so satisfactory ; 
but the knowledge gained has not been thrown away, 
and we think that Mr. Webb may now be fairly 
credited with having made a success of steel fire- 
boxes as well as steel boilers. ‘The firebox plates 
used at Crewe are, after being rolled, dipped while 
hot into cold water, and are then re-heated and 
again dipped, this treatment being repeated four 
times. This mode of treating firebox plates—a 
mode which has also been resorted to in the United 
States—has a remarkable effect in toughening the 
plates, while it also weeds out any which are un- 
suitable. Amongst the things taught by experience, 
both here and in America, is the fact that it is 
desirable to protect the rivetted joints of steel fire- 
boxes as much as possible from the action of the 
fire, and it was this belief which led Mr, Webb to 
design the system of firebox construction which he 
now uses, and which we described some time ago 
(vide vol. xvi., page 334) a system by which the 
corner joints are avoided, while the tube-plate is 
flanged outwards towards the barrel. It is, however, 
unnecessary for us to enlarge here upon the Crewe 
practice, and we have only alluded to it to contradict 
the insinuations and singular assertions made in our 
contemporory. Had -the writer of the article we 
have quoted had a moderately decent acquaintance 
with his subjéct, or had he, before committing 
himself in print, taken the trouble to make a few 
inquiries as to what has been and is being done in 
this country in the matter of steel boilers, his essay, 
although less amusing, might perhaps have been 
more instructive to his readers. 


NOTES ON TORPEDOES.-—No. I. 

Art atime when what is known as the torpedo 
question engages no inconsiderable portion of the 
public attention both at home and abroad, it may 
interest many of our readers to learn what has been 
done by the Government towards providing an 
efficient system of these important agents to be used 
in connexion with our coast defences. It is with a 
view to furnishing this information to the general 
reader, and to afford to naval men a knowledge of 
the nature of obstructions with which’they may have 





to} contend when called, upon to navigate in hostile 
waters, and of the means ef attack that may be 
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brought to bear against them, in future maritime | 
engagements, that the following notes have been 
written ; it being obviously important that a com- 
mandant should con some idea of the contrivances, 
and the best way of destroying or eluding them, as 
ignorance in these respects would render him liable 
to lose his ship. But on the other hand, to quote 
the words of an old proverb, “‘ forewarned is fore- 
armed,” and most of these inventions, formidable as 
they at first sight appear, become far less dangerous 
when proper precautions have been taken for guard- 
ing against them; the Harvey torpedo, in par- 
ticular, could only be used against a vessel taken by 
surprise. 

e idea of attacking ships by torpedoes is 
very old, for although the exact period of | 
their introduction is unknown, their use may be 
traced as far back as the sixteenth century, when | 
what was in point of fact a drifting torpedo—though | 
really a burning vessel—was used by Giuanelli, an | 
Italian engineer, for the purpose of destroying a 
wooden bridge spanning the Scheldt, over which 
the Spaniards were advancing to the attack of the 
besieged city of Antwerp. 

But the first definite idea for forming anything 
like a systematic attack by torpedoes seems to have 
originated with Captain David Bushnell, of Con- 
necticut, about the year 1775. This invention was 
on the “ torpedo-boat” principle, but had little in 
connexion with the boats now used, It was only 
intended to accommodate one person, who satin a 
water-tight compartment, capable of containing 
sufficient air to sustain him under water for about 
thirty minutes, It was propelled by an oar, and 
guided with a rudder, the torpedo being cast off by 
means of a wood screw passing through an iron tube 
fixed in the crown of the boat, 

In the year 1797, Fulton* constructed a machine 
by which he designed “to impart to carcases of 
gunpowder a progressive motion under water to a 
given point, and there explode them.” The French 
Government to which he applied for aid to carry on 
his experiments, rejected his plans as entirely im- 
practicable, although he held out to it the seduc- 
tive prospect, “to deliver them and all the world 
from British oppression” by their adoption, Ad- 
miral Dacres, to whom Fulton explained his plans, 
is reported to have treated the proposit‘on and the 

roposer with great contempt, saying as he turned 

im out of his office, ‘‘ Go, sir, your invention may 
be of use to the Algerines and Corsairs, but learn 
that France has not yet abandoned the ocean.” 

Failing to induce the French Government to 
adopt or further his schemes, and, it is alleged, at 
the solicitation of friends in England, Fulton with- 


> For more detailed information we refer the reader to 


t 't-Co der Barnes, U.S.N., published by Van 
Nostrand of New York, and from which we have drawn 
largely in the following historical notes. 




















drew to this country, in the hope of obtaining the 
countenance and assistance he needed to demon- 
strate the value of his system and put it into prac- 
tical operation. 

Fulton arrived in London in May, 1804, and pro- 
ceeded at once to lay his torpedo and plunging- 
boat schemes before the British Ministry. He 
assumed the name of Francis, in order, as was sup- 
egg to conceal his identity from the French. Mr. 

itt, then Prime Minister of ‘England, was greatly 
impressed with the importance of the proposed 
system, and exclaimed, when the force of submarine 
explosions was explained to him, that ‘Such a 
system successfully introduced into practice, could 
not fail to annihilate all military marines.” Lords 
Mulgrave, Melville, and Castlereagh all manifested 
great interest in the plans of Fulton, and determined 
upon a course of experiments which should test their 
value. A commission was accordingly appointed 
in June to examine and report upon the torpedo 
and plunging-boat system. The commissioners 
were Sir Joseph Banks, Mr. Cavendish, Sir Home 
Popham, Major Congreve, and John Rennie. 

n October, 1804, an — against the 
French shipping lying at Boulogne, called the 
“Catamaran Expedition,” was fitted out with a 
view to test Fulton’s torpedoes. Owing to a variety 
of causes, it failed of results. A year afterwards 
another attempt was made, Fulton himself accom- 

anying the expedition. Two officers—Captain 
ombe and Lieutenant Payne, of the navy—suc- 
ceeded with their boats in placing two of Fulton's 
torpedoes, united by a coupling line, between the 
buoys and cables of two French men-of-war lying 
in the harbour of Boulogne. In both cases the tor- 
pedoes exploded without inflicting any damage upon 
the vessels. Fulton accounted for the failure to 
destroy them by the fact that the torpedoes exploded 
on the surface and alongside the vessels, instead of 
beneath them, and to insure thereafter this necessary 
ae he — the coupling line to the ~ 
oes by means of a spar. arrangement, he 
averred, would cause the torpedo to dive beneath 








the bottom of the ship when influenced by the 
tide. 

These failures, however well accounted for, 
threw great discredit upon the proposed system. 
Mr. Pitt alone still believed in Fulton and encou- 
raged him to persevere. He causeda stout Danish 
brig, the Dorothea, to be ae and anchored near 
his own country-seat at Deal, which, after repeated 
experiments with his new coupling line, Fulton 
succeeded in blowing to atoms with a torpedo con- 
taining 1701b. of powder. This occurred on the 
15th of October, 1805, in the presence of a large 
concourse of spectators, amongst whom were the 
commissioners and a number of naval and military 
officers of high rank, one of whom, Captain Kings- 
ton, loudly asserted, a few minutes before the 
Dorothea was blown up, that ‘‘ If one of the ma- 
chines were placed underneath his cabin while he 
was at dinner he should feel no concern for the con- 
sequences,” 

The success of this experiment, showing as it did 
the vast power of submarine explosions, alarmed 
the country and particularly the naval authorities. 
The Earl St. Vincent, when Fulton explained the 
torpedo and the result of the Dorothea experiment, 
reflected for some time and then said: ‘ Pitt was 
the greatest fool that ever existed, to encourage a 
mode of war which they who commanded the seas 
did not want, and which, if successful, would de- 
prive them of it.” 

The war of 1812 afforded many opportunities for 
testing acme the value of torpedoes as a means 
of attack upon ships, and it is not, therefore, sur- 
prising that attempts should have been made by 
individuals, on their own account, to blow up 
English ships, which held control of many of the 
Uuited States’ harbours. These efforts were fruit- 
less, and in the main contributed to produce a 
feeling of distrust in the efficacy of submarine war- 
fare as a means of attack or defence, although it is 
curious to note the fear which this species of warfare 
produced in the public mind. 

The most noted of these attempts was made by 
a Mr. Mix, of Norfolk, U.S.A., who, with a torpedo 
constructed after Fulton’s original designs, made re- 
peated attempts to blow up H.M.S. Plantagenet, 
which created great alarm on board of the ships of 
the squadron then controlling a portion of the 
American waters. 

At New York an attempt was made by private 
parties to destroy the frigate Ramilies, which, 
although it may not be classed as belonging to 
torpedo warfare, nevertheless grew out of Fulton’s 
experiments with torpedoes. On the 15th June, 
1813, the schooner le was prepared with a 
magazine of powder, over which boxes and barrels 
of merchandise were placed, so connected by lines 
with gun-locks attached to the magazines, that any 
attempt to remove them would fire the charge. The 
schooner was sent off New London, where she was 
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captured by the barges of the Ramilies, commanded 
by Commodore Hardy, the crew abandoning her as 
the enemy’s boats approached. 

The close of the war with America put a stop to 
further experiments with torpedoes in that country, 
and until the year 1829 no writer or inventor seems 
to have given any attention to the subject; there 
seemed to be a tacit understanding that its practice 
was inhuman, impracticable, or impolitic, and it 
was left where the war left it—a failure. 

About 1840, the well-known Captain Warner 
proposed to our Government an arrangement for 
demolishing a vessel by means of a submarine bomb 
(or torpedo) drawn beneath it by means of a cord, 
and exploded by contact with the vessel’s bottom ; 
by which means he succeeded in sinking a mer- 
chant ship off Brighton, which had been placed at 
his disposal. 

In the New York Herald for March 17, 1842, it is 
stated that Mr. Colt had been engaged in experi- 
menting under the authority of the Secretary-of- 
War, and it was asserted that he could ignite a de- 
structive shell under water at the distance of ten 
miles in a few seconds, the explosion being effected 
by electricity. 

On the 4th of June in the same year he exploded a 
torpedo in New York harbour with a galvanic 
battery, and on the 4th of July following he pro- 
duced a tremendous explosion just opposite Castle 
Garden, and completely destroyed the old gunboat 
Boxer, creating great excitement amongst the spec- 
tators and public generally. 








16-POUNDER FIELD GUN. 

We illustrate on the opposite page a 16-pounder field gun, 
of a type constructed largely by Mr. L. W. Broadwell, of 
Carlsrube, and embodying an important improvement 
recently introduced. This improvement consists in the 
addition of a steel jacket to the body of the gun from the 
breech to beyond the trunnions. Indeed, as shown in the 
drawing, the body of the gun consists of a cast steel tube, 
the breech being formed in the jacket. The dimensions of 
the body of the gun are as follows: The length of the tube 
is 73.86 in., the diameter of the bore is 3.606 in., and that 
of the chamber 4.094 in.; the outside diameter of the tube 
at the muzzle is 6.148 in., and at the point in advance of 
the trunnions to which the jacket extends, the diameter is 
increased to 7.087 in.; it is then reduced as shown, and 











is made parallel for the remainder of its length, the diameter 
being 4.724 in. The smallest diameter of the jacket is 
11,024 in., and its greatest width at the breech 11.42 in, 
The length of the jacket is 41.10 in., and the whole length 
of the gun is 80.63 in. There is nothing new in the ar- 
rangement of the breechloading mechanism, which is of 
the well-known Broadwell type, uniess we except a slight 
modification in the section of the ring. The weight of the 
gun complete is 104 cwt., and the powder charge is 4 lb. 





THE DRAINING OF LAKE FUCINO. 

THE drainage of the Italian lake Fucino, which was com- 
menced so far back as 1855, has for its object the recla- 
mation of a large tract of land drained originally by the 
Emperor Claudius; the ancient works were, however, 
allowed to fall into decay, and since the Middle Ages the 
tract of land now being reclaimed bas remained under 
water. 

In 1855 a public company, in which the Prince Torlonia 
was the largest shareholder, was formed, to restore, if possi- 
ble, the ancient works, and the undertaking was intrusted to 
M. de Montricher, a French engineer of repute. It was 
found, however, that the old works were in too dilapidated 
a condition to be restored, and after many efforts, the 
scheme would have been abandoned had not the Prince 
Torlonia assumed the whole responsibility, and resumed 
the works at his own cost. Since then they have been 
carried on, the total outlay having exceeded two millions 
sterling, and in a short time it is hoped that this expenditure 
will become remunerative. The waters from the lake will 
be discharged through a syphon 1500 yards in length, de- 
livering about 250 cubic feet per second. The water will 
be brought to the syphon by means of an extensive réseau 
of canals, empleyed to drain the area, and it is in the con- 
struction of these canals that the dredging machinery we 
illustrate has been constructed. 

We shall return shortly to this interesting subject with the 
view of describing, in full detail, the engineering works 
connected with the undertaking, . 

The dredging machines employed for opening the canal 
to drain the lake, differ chiefly from ordinary types by the 
circular movement given to the fore part of the vessel 
which carries the train of buckets, and by the system of 
transporting the material excavated. In this cil move- 
ment the forward part of the vessel being successively 
drawn from one side of the river to the other, by the chains 
R R, Fig. 2 (see the two-page engraving), the lower part 
of thechain of buckets describes an arc c d, a movement 
executed alternately from right to left, and from left to 
right, and to sueh an extent that the chord of the arc is 
equal to the width of the canal. In this circular move- 





ment the vessel turns around a vertical axis ¢, Fig. 1, 
fixed at the stern. This axis passes through a hinge, 
carried on a carriage f, running on rails g attached to 
the forward ends of the two barges B B, Figs. 2 and 4, 
which are firmly connected together. These barges are 
securely anchored to both sides of the canal by four chains 
hh, h' h}, controlled by the winches Q and 2), respectively. 

The carriage 7, which is shown to a large scale in 
12 and 18, is composed of eight double-flanged wheels, 
running on a frame and embracing the bar g on each side. 
From the middle of the frame projects a horizontal bracket 
j, on which are mounted two pulleys, with semicircular 
grooves, and running free on their axes. As arranged 
they embrace closely the vertical shaft e. The movement of 
these pulleys, and the arrangement of the carriage, allows the 
axis ¢ attached to the dredge, to adapt itself with facility to 
the various motions given to it in the course of 

It may be remarked here that the width 
canal being given, the size of the appara } 
ticable, should be adjusted to the size of -#he work in such 
a manner that the axis e should always reniain in the centre 
line of the work, and the whole width can thus be dealt 
with continuously. 

The circular motion on the forward part of the dredge’ is 






‘| transferred by the engine to the pulley E, Figs. 2 and 7. 


The shaft on which this{pulley is mounted, carries two loose 
bevel pinions A A', each formed with a sleeve, as shown, and 
being loose on the shaft N, which is thus free te run without 
moving the pulleys, which cannot shift laterally on account 
of the sleeves that enter the bearings in the bracket pp’. 
The pinions gear into the bevel wheel B, which is fast on its 
shaft, the other end of which carries a pinion ¢, gearing 
into the wheel D. On this latter are the drums F F, placed 
one on the right the other on the left of the dredge, and 
around them are laid the chains R R, which then pass to the 
guiding pulleys G G, and afterwards to the banks of the 
canal where they are fixed. This mechanism is put in 
motion either backwards or forwards by the clutch on the 
shaft N, worked by the lever L. The forward motion of 
the dredge is effected by means of mechanism placed at the 
end of the two barges BB, The principal parts of this 
mechanism consist of a jointed shaft g, Fig. 2, the eccentrics 
rr on the shaft, two leversss, Fig. 4, in connexion with the 
eccentrics. These levers are each placed between two 
ratchet wheels ¢¢, Fig. 6, and turn freely on their respective 
shafts. Each carries at its upper part two driving ratchets 
uu’, by which either of the wheels of both groups can be 
put in motion. Below are placed the stops v v'!, which stop 
the wheels at any point where they are placed by the driving 
ratchets. Lastly, two drums 2a are placed on the shafts of 
wheels ¢¢; over these drums are placed the chains yy, 
guided by the rollers z z placed along the sides of the canal 
where they are moored. A pulley d placed on the shaft g, 
receives motion by a strap from a portable engine placed in 
the barge B. Whilst the dredging apparatus is making its 
sweep across the canal, this mechanism is at rest, and at 
the moment when the direction of this is changed, it is 
placed in motion by means of the driving ratchets, and the 
dredge is propelled forward into the position for another 
sweep. The signal for this forward motion is given by a 
bell placed at the upper end of the lattice girder by which 
the material excavated is removed, this bell being controlled 
by a cad under the hand of the workman in charge of the 
lever L, In going forward the winch £) slackens the chain 
hh, while the winch (), hauls on the chains A! h'. 

The buckets empty their contents on an endless chain P, 
composed of articulated receivers, and placed in the longi- 
tudinal axis of the d Figs. 1,2,and 3. This chain is 
moved by the drums T T!, placed at the ends of a lattice 
girder U, on which are laid the iron rails, one above and one 
below, for the endless chain to travel upon. The lower 
dram T is driven by the wheel V, mounted on its shaft, 
and to which motion is imparted from the engine. The 
endless chain of receivers empties the material excavated 
on toa similar chain P', placed like the former on a lattice 
girder U', and carried by the two barges B B, Figs. 1, 2, and 3. 
This chain, situated at right angles to the axis of the canal, 
empties the material into wagons on a railway laid on the 
bank: the chain is moved by the wheel X on the lower 
drum shaft, and driven by the portable engine Z. The 
lattice girder U', carrying the chain P', is of the form 
shown in Kig. 3. This arrangement was adopted so that 
the excavated material could be discharged on to the canal 
bank when the water level fell below the ground level on 
each side. The arrangement and construction of the end- 
less chain are shown in Fig. 5, and that of the buckets in 
Figs. 8, 9, 10, and 11. 

The following results were obtained per day of ten hours: 
The speed at which the machine is driven is equal to 17 
buckets per minute, and the buckets are} of such a capa- 
city (about 5.25 cubic feet) that the total amount excavated 
is about 2000 cubic yards; allowing 383 per cent. for loss, 
which is excessive, the effective work per day of ten hours 
is 1880 cubic yards, 

The circular motion of the dredging machine was sug- 
gested by the results obtained by a previous apparatus em- 
ployed for cutting out trenches to form the canal. To 
make a series of excavations which together should form 
the width desired, would have been a long and very costly 
operation. Such a method might have been followed when 
the material to be removed is soft enough to fall imme- 


diately into the spaces left by the buckets as they work 
but it is otherwise when it is so hard as is the case at the 
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Fucino works. It will be understood that under the first- 
named conditions the trenches made formed small canals, 
in which the buckets passed to and fro, doing no work for a 
large part of the time. There remained, moreover, on a 
number of points, and between the trenches, a portion not 
excavated at all, so that the difficulties in dredging out the 
next width were increased, All these drawbacks were re- 
moved by the adoption of the system illustrated. The 
buckets are always at work upon a regular bed, the canal 
is opened out continuously for its full width, the bottom 
is well formed, and with proper care the work done by the 
machine is extremely regular. The only time lost is in 
shifting its position by means of the chains as described. 
The cost of excavation was found to be almost .81 pence 
per cubic yard. 





CLYDE SHIPBUILDING IN 1875. 

Wuattver may be the result to the shipbuilding and 
engineering trades of the Clyde in the immediate future, 
there can be no doubt of the fact that in the year just 
closed the wave of prosperity on which they were riding 
two or three years ago suffered a decided check. But the 
wave of depression in 1875 was one which affected all the 
allied branches of trade, not in Scotland only but in all 
those industrial communities, both at home and abroad, in 
which they are largely practised, and hence there need be 
no fear of a permanent injury to the two trades in question; 
for while the Clyde maintains its securely established 
reputation for good, sound, honest work in ships and 
marine engines, and for great speed combined with a low 
consumption of fuel, it will doubtless be resorted to for 
such productions so long as ships are in demand, and the 
well-known firms that have given it that reputation need 
scarcely fear any competition, come from whatever quarter 
it may. 

As far as can be determined in a matter where official 
returns are not available, and making allowance for all the 
vessels built and then shipped in pieces to their respective 
destinations, there were turned out from the Clyde ship- 
building yards last year about 264 vessels of all kinds and 
of all sizes, and of a total of about 230,000 tons. In the 
two preceding years there were fewer vessels turned 
out, but the total tonnage was greater by fully 30,000 
tons in each year. Until the year 1873, however, there 
had never been launched on the Clyde a larger amount of 
shipping than was launched in the past year. It is worth 
while to note that the average size of the vessels built in 
1875 was 870 tons, while in 1874 it was 1180 tons, and in 
1873 as high as 1348 tons. The very striking diminution 
in the average size in the two years, 1874-75, was due to 
the fact that the demand for such very large steamers as 
were in request in 1872 and 1873 was coon found to be greatly 
in excess of the wants of the several trades on whose account 
they were ordered, In the year 1871 the Pacific Steam 
Navigation Company's fleet was increased by about 19,000 
tons of shipping, in 1872 by 20,000 tons, and in 1873 by 
the gigantic total of nearly 29,000 tons, whereas there were 
only two vessels of any importance added to it in 1874 and 
none in 1875. In like manner several other great ocean 
fleets that were prominently identified with Clyde shipyards 
remained at a standstill during the past year. Only one 
‘Transatlantic liner—the City of Berlin, 5491 tons and 1000 
horse power— built by Messrs. Caird and Co., for. the 
Inman Company, was turned out from the Clyde in 
1875. There were no Peninsular and Oriental liners 
sent out. Considering that such great fleets as those 
just referred to, as also the fleets of the Hamburg- 
American, the North German Lloyd's, and the Austrian 
Lioyd’s companies, the Cunard Line, Allan Line, 
Anchor Line, &., were either entirely built on the 
Clyde or largely added to very recently, it is not to be 
wondered at that there was a diminution of 80,000 tons 
in the amount of shipping launched last year. That 
amount of tonnage is almost entirely represented by the 
diminution in the year’s returns of the work done by 
Messrs. John Elder and Co., and Messrs. Caird and Co., the 
two firms that certainly did the largest amount of workin the 
last few years, and especially in the class of vessels rangiug 
from 8000 to 4000 tons and upwards. Messrs. William 
Denny and Brothers, Dumbarton, and Messrs. Caird and 
Co., owing to want of work, practically closed their yards 
during several weeks in the last quarter of the year, but in 
those three exceptions, the Clyde shipbuilding firms ge- 
nerally turned out a fair average amount of shipping. The 
. following are the returns for a number of the firms: Elder 
and Co., 17,818 tons; Denny and Brothers, 17,386 tons; 
Caird and Co., 14,141 tons; London and G w Engi- 
neering and Iron Shipbuilding Company (Limited), 13,500 
tons; Robert Duncan and Co.,-12,714 tons; Steele and Co., 
12,500 tons ; Barclay, Curle, and Co,, 12,250 tons; Stephen 
and Sons, 11,030 tons; M‘Millan and Sons, 10,659 tons; 
Scott and Co., 10,067 tons; Wingate and Co., 8904 tons ; 
J. and G. Thomson, 8520 tons; Dobie and Co,, 8097 tons; 
John Reid and Co, 8081 tons; A. and J, Inglis, 7160 tons; 
and the following firms each launched between 6000 and 
7000 tons: James E. Scott, Lobnitz, Coulborne, and Co., 
Aitken and Mansel, and David and William Henderson 
and Co. 

Comparatively few paddle steamers were built on the Clyde 
last year, as they are now only in demand for special kinds 
of traffic. One, named the Hamilton, of 1100 tons 


Antwerp passenger trade. The same firm also built the 
Paris, 730 tons and 220 horse power, for the London, 
Brighton and South Coast Railway Company’s Newhaven 
and Dieppe service. For the Great Western Railway Com- 
pany’s Irish Channel traffic Messrs. Lobnitz, Caulborne, and 
Co., Renfrew, built the Chepstow, 300 tons and 100 horse 
power. Two paddle steamers, each of 600 tons and 250 
horse power, were built for Indian river navigation in con- 
nexion with the British India Steam Navigation Company’s 
India and China mail fleet of screw steamers. Messrs. Scott 
and Co. were the builders. Messrs. D. and W. Henderson 
and Co. built the Claughton, 500 tons and 130 horse power, 
for the Birkenhead Commissioners. Four paddle steamers, 
2000 ft. long, and of 150 horse power, were built by Messrs. 
Robert Duncan and Co., and shipped in pieces to Rangoon, 
for the Rangoon and Mandalay trade of the Irrawaddy 
Flotilla and Burmese Steam Company. Several other small 
paddle steamers were also built for river passenger service. 

The screw steamers built last year included some of very 
considerable size. Besides the City of Berlin already re- 
ferred to, there were built the City of Canterbury and City 
of Venice, each of 3250 tons and 450 horse power, for G. 
Smith and Sons, Glasgow and East India “ City” line ; the 
Queen Margaret, 3200 tons and 450 horse power, for the 
Glasgow and Calcutta “Queen” line ; two 3000-ton vessels 
for the British India Steam Navigation Company's screw 
fleet; and numerous vessels ranging from 2000 tons up to 
2800 tons, some of them for the India trade, others for the 
New Zealand and English mail traffic vid San Fran- 
cisco, &ec. 

Amongst the sailing vessels there were also some of very 
large size, one of them being the Baron Colonsay, 2085 tons, 
which was the largest built during the year, if not even the 
largest sailing vessel yet sent out of the Clyde. There were 


tons each, built by Messrs. Elder and Co. ; and the Gilroy, 
1228 tons, built by Messrs. Wingate and Co. There were 
many sailing vessels of upwards of 1200 tons launched 
during the year. 

Besides yachts, there were a few small vessels built of 
wood, chiefly for the coasting trade. Vessels of the compo- 
site build were very few. One was a paddle steamer, 
another was a screw steamer, and there were two composite 
screw gunboats —the Sheldrake and Moorhen, built by 
Messrs. Napier and Sons, for the British Government. 
Those two may be regarded as the only war vessels turned 
out during the past year, unless we include the Africa, 
1462 tons and 250 horse power, built for the Portuguese 
transport service by Messrs. Denny and Brothers. 

In making an analysis of the returns of last year’s ship- 

building on the Clyde we only notice three tug steamers. 
Notwithstanding the extent to which such steamers are re- 
quired in connexion with the trade of all large seaports, 
such as London, Liverpool, Hull, Newcastle, Glasgow, 
Greenock, Leith, &c., and the well-earned fame which the 
Clyde has obtained for itself as a seat of the shipbuilding 
industry, the construction of tug steamers and the peculiar 
sort of engines which they require has never been cultivated 
to any marked degree on the Clyde. The builders on the 
Tyne have hitherto almost had a monopoly of the tug 
steamship trade: why it is so we need not take time to in- 
quire. Two of the tugs built on he Clyde last year 
were contracted for by Messrs. James Howden and Co,, 
engineers, Glasgow, who also supplied the engines. These 
steamers are constructed on a new principle patented by 
Mr. Howden, there being one screw in front and one in the 
stern, and hence their name of double-screw tugs. They 
are both in use on the Clyde, being owned by the Screw 
Tug Company, of Glasgow. The hulls were built by 
Aitken and Mansel, and Murdock and Murray. Both tugs 
are 88-ton vessels, and have engines of 70-horse power 
each. The other tug steamer, a paddle vessel, was built 
by Messrs. Wingate and Co., and shipped in pieces for 
Messrs. Shallacombe and Bishop, Melbourne. 
When we come to consider the position of the Clyde 
in reference to steam dredging plant it assumes a totally 
different shape, as the Clyde has now become recognised 
in all parts of the world as the place where such plant is 
made in the greatest perfection yet attained. Ten steam 
dredgers were turned out last year. Two were built and 
engined by Messrs, Simons and Co.—one of 200 tons for 
the Swansea Harbour Trustees, and one of 400 tons for the 
Indian Government. One of 425 tons and 75 horse power 
was built and engined by Messrs. Wingate and Co. for the 
Cork Harbour Commissioners, and one of 150 tons and 
30 horse power was supplied by the same firm to the River 
Weaver Navigation Commissioners. The other six were all 
contracted for and engined by Messrs. Rait and Lindsay, 
Cranstonbill Foundry, Glasgow, the successors to Messrs 
James Aitken and Co., who for many years, made the con- 
struction of such plant qnite a specialty of their work. ‘Three 
of the hulls were built by Messrs. Aitken and Mansel, and the 
other three by Messrs. Murdochand Murray. One dredger 
of 211 tons and 80 horse power, and to dredge in 28 ft. of 
water, was supplied to the Millwall Dock Company; three 
of 800 tons each and 40 horse power were built for use on 
the St. Petersburg Marine Canal ; two were built to the order 
of the Provincial Government of Canterbury, New Zealand ; 
and the other was supplied to the Warkworth Harbour Com- 
missioners, Northumberland. Various screw steam hopper 
barges were built for dredging pu 


two—the Bay of Bengal and the Bay of Biscay—of 1849 | gurgling 


engineering trade was not nearly so busy as it might other- 
wise have been. Much valuable machinery and many 
skilled artisans were laid off work during a portion of the 
year. There was, however, a good deal of work done 
during the past year in supplying new engines, boilers, 
&c., to old steamers which required overhauling; and in a 
number of instances engines of a comparatively old type 
were “compounded” in order to secure more economical 
results as regards consumption of fuel. 

In new steamers the almost universal rule now is for 
them to be fitted with compound engines of the most im- 
proved character; and a good deal of honourable rivalry is 
maintained among the various firms who are engineers 
only, or who combine engineering with shipbuilding. 
Among the former, besides those already named, there are 
Messrs. David Rowan, J. and J. Thomson, Walker, Hen- 
derson and Co., Lees, Anderson, and Co., W. King and Co., 
—all.of Glasgow ; Rankin and Blackmore, Kincaid, Donald, 
and Co., and the Greenock Foundry Company—all of 
Greenock ; and W. Paul and Co., Dumbarton. 

We have collected a great amount of information regard- 
ing the work in progress and contracts recently closed for 
new vessels, by which we are enabled to form a fair 
notion of the prospects of shipbuilding and marine engi- 
neering on the Clyde during the present year; but for the 
present we must hold it over, as the limits of our space are 
exhaustéd. 


SURFACE CONDENSATION. 
To THE EpiTror oF ENGINEERING. 

Sr1r,—Having now a few minutes at my disposal I take 
the opportunity to reply to the remarks of Mr. Schénheyder 
in your issue of December 24. 

. The opening through the drain cock, required to keep 
the tube entirely clear of water, allowed a just eptible 
ing sound to be heard ; but it was impossible to say 
whether the small quantity of cloudy vapour which arose, 
resembling one’s breath, resulted from escaping steam or 
from a small portion of the water flashing into vapour on 
the removal of the pressure. 

2. The temperature of the condensed steam was taken 
not when the water was in the tub (or pail), but as it issued 
from the drain cock, where it impinged on the bulb of a 
thermometer. When a column of condensed steam, 1} in. 
high, was retained in the bottom of the 3} in. tube (during 
some experiments with the vertical tube made prior to those 
of which the results were published), I found the tempera. 
ture of the condensed steam issuing from the drain cock so 
low as 140 deg. I concluded the cold water entering the 
condensing tube abstrected heat from the steam, after con- 
densation, and therefore kept the tube entirely clear in all 
subsequent experiments both with the tubé vertical and 
horizontal. 

3. The object sought by these experiments was to obtain 
data on which to proportion our surface condensers and 
circulating pumps, so that the best possible results might 
be pecs and I am perfectly satisfied that that result has 
been obtained with a considerable degree of accuracy, and 
am quite willing to leave to others, who may feel disposed, 
the correction of almost infinitesimal errors, which, of 
course, is much more easily done with pen and ink than by 
actual experiment. 

Yours truly, 


B. G. NicHou. 
ewcastle-on-Tyne. 








56, Falconar-street, Shieldfield, 
December 29, 1875 
[Mr. Nichol’s statement that a gurgling sound was 
noticed to accompany the discharge of water from the 
drain cock tends to show that that cock served to keep the 
tube clear of any air which might otherwise have collected 
at the bottom.—Eb. E.] 


THE DETENT FOR INDICATORS. 
To THE EDITOR OF ENGINEERING. 
S1r,—On my return to business after the late holidays 
my attention was called to the letter signed ‘‘ Indicator” in 
your impression of the 24th ult. In reply to it I shall be 
glad if you will allow a few remarks to appear from me. 
I must thank “‘ Indicator” for his temperate criticism ; 
for in writing he would naturally be unconscious that he 
improperly understood the use of the “‘elastic’’ recom- 
mended to be sometimes employed with my little invention, 
and would, therefore, have felt perfectly justified in con- 
sidering the ‘‘ Detent’’ a source of error which should be 
avoided by any careful manipulator. 
Fortunately, however, for , he from some cause 
or another which is not ap; , is quite wrong in sup- 
pe that the motion of the paper-drum is communicated 
y means of the elastic; the elastic (such as is sold as 
“*ladies’ dress-holders” is amply strong enough) is used 
merely to prevent the cord which passes ment the pulley 
of the paper-drum from slipping off, when the instrument 
is not actuallyjin use, and the cord is slackened by each 
stroke of the engine ; the cord alone gives motion to the 
paper-drum, and its weight alone will often be found suffi- 
cient to keep itself ed om upon the pulley. Many other 
simple quatiants would be equally successful ; but when it 
is found more convenient to attach a little ‘‘ elastic’”’ be- 








tween two points in the continuous indicator cord, the 
part play by it is merely to take wp, or confine, the 
slack between those points, thereby ting slack upon 


preven 
= — of the paper-drum, and the cord from, perhaps, 
your correspondent, 


As to the modification ted 
the same idea has ceomtel to me, but it was abandoned 
because I thought the present arrangement, which on trial 
I believe will give t satisfaction, is (or will shortly be) 
in the most simple form of any mechanism for the same 








and 350 horse power, was built by Messrs. and Co. 


for the Great Eastern Railway Company's Harwich and 


rposes. 
As the sailing vessels built last year were more numerous 
than those turned out in any former year, the marine 


operation. 
ours ly, 
London, January 1, 1876. E. DARKE. 























Jan. 7, 1876,] 


ENGINEERING. 





19 





SILICATE COTTON. 
To THE EpIToR oF ENGINEERING. 

S1r,—I observed in your number for December 31st the 
description of an article manufactured by Herr Krupp at 
Essen, in Prussia, called silicate cotton. As the account of 
this substance was very vague indeed, I should like to en- 
lighten some of your readers on this subject, having myself 
been more than once an eye-witness of this process. 

It is made from the large furnaces for converting the 
ironstone into pig iron where the slag is kept continually 
running out at a small opening about lin. in diameter ; 
from thence it travels through an open spout, and falls from 
the end of this about 30 in., at which distance a pipe is fixed 
coming from the blast chamber ; the rush of cold air comin; 
with the melted slag drives it into thousands o 
fine hairlike threads more een | fine-spun glass than 
anything else I have seen. Although it has the appearance 
of cotton wool, it causes most aggravating pain if handled 
much, as the fine points pierce the skin like so many fine 
needles. Herr Krupp uses it for packing all his boilers and 
steam pipes wherever I have visited his establishments. 

I am, Sir, yours truly, 
R. Ranson. 


in con 


January 3, 1876. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
large attendance on Change at Middlesbrough. The market 
was firmer, and makers of pig iron refused to sell No. 3 for 
less than 52s. 6d. per ton. It is expected that prices will 
be further advanced next week, when the quarterly meeting 
of the iron and allied trades will be held at Middlesbrough. 


The Finished Iron Trade.—There is no material im- 
rovement in the finished iron trade. Preparations are 
ing made for re-starting some of the works which have 
been standing idle for a considerable time, and it is hoped 
that there will soon be orders to keep the district fairly 
occupied. 

Messrs. Bolckow, Vaughan, and Co.’s Works.—To-day, 
Wednesday, the mechanics and founders resumed work at 
Messrs. Bolckow, Vaughan, and Co.’s Middlesbrough Iron 
Works. Itis matter for regret that at present it is im- 

ossible to tell when the rail mills and furnaces will again 
G in operation. This firm—the largest in the North of 
England—has no rail orders on hand. 

The Cleveland Ironstone Miners.—Serjeant Wheeler 
has consented to act as umpire in the forthcoming arbitra- 
tion of the Cleveland ironstone miners’ wages question, 
which itis expected will be settled by the end of this month. 
It will be recollected that the masters are demanding a re- 
duction of 2d. per ton. 


The Ironworkers’ Wages Question.—On Saturday the 


North of England Board of Arbitration will hold a meeting ) Rai! 


at Darlington, and the question of the’ wages of the iron- 
workers will be dealt with. This question will be settled as 
speedily as possible. 

Engineers and Shipbuilders.—On the northern rivers 
engineers and shipbuilders are busier. Some of the engi- 
neers in Newcastle have got a large share of orders. 
At Stockton, Messrs. Blair are very, busy, having a large 
number of marine engines in the sho On the Tees the 
shipbuilders have booked orders which will keep them going 
for several months. 


The Coal and Coke Trades.—There is a slight improve- 
ment in the demand for fuel. Better prices are obtained 
for coke of good quality. There is no alteration in the 
price of coals, but the inquiries are more numerous. 


The Prospects of Trade.—There seems to be a general 
belief that as soon as the wages questions now under con- 
sideration are definitely settled, trade will gradually improve. 
It is thought that orders are being kept back until intend- 
ing buyers find Cleveland manufacturers, who are generally 
able to make rails cheaper than other makers, are again in 
a position to compete successfully with the world. 








NOTES FROM THE NORTH. 


Giasaow, Wednesday. 

The Mining Trade.—In some districts the mining trade 
is exceedingly dull, and no district seems to have felt the 
dulness more than that of Carluke. A year or two ago 
the Coltness Iron Company’s works in that district (com- 
prising ironstone and limestone pits and open - cast) 
employed about 700 hands. Now, however, they only 
——7 about 250 men. Messrs. Merry and Cunninghame’s 
Milton Lockhart Ironstone and Limestone Works, which 
occupied 160 to 180 men two years ago, are now wholly 
suspended. Some of the coal-pits, for want of wagons, 
&c., are how in a languishing condition, and a company 
whose fortnightly pay sheet formerly reached 20001. now 
only averages 5001. ‘The dulness has begun to disappear 
from the Holytown district, and many of the miners are 
getting work at from 4s. to 6s. 6d. per day. About three 
miles east from Holytown various coalmasters are openi 
up new fields of coal, while Messrs. Simpson, Wilson, ‘an 
Co., of Legbrannock Colliery, are fast making preparations 
for having a seam of blackband ironstone opened out which 
they recently discovered on the Woodhall estate, not far 
from the spot where Mushet discovered the original black- 
band ironstone fully seventy years age. 


Mr. Dyce Cay, C.E.—The harbour engineer for Aber- 
deen, Mr. — Cay, C.E., after long negotiations has at 
last been allowed to take other work as a ae 


engineer, Of course he loses a portion of his salary, an 


an assistant of experience is to be appointed as resident 
engineer to take charge in Mr. Cay’s absence. | 
Greenock Harbour Trust.—At a meeting of the Greenock 
Harbour Trust yesterday, the New Works Committee re- | 
ported at a meeting, held on the 3lst ult., after carefully | 
considering the reports as to the three lowest offers for | 
the work of extending Garvel Graving Dock, they had | 
by a majority, to recommend the Trust to accept 
the tender of Messrs. W. and J. York. It transpired in | 
” — of the conversation which followed the i 
of the 
that of the lowest offerer. 


Motherwell Water Works Contract.—The Burgh Com- | 
missioners of Motherwell held a meeting last Thursday, | 
when it was announced that the contract for supplying the | 
cast-iron Pipes for the new water works about to be under- | 
taken had been secured by Messrs. Laidlaw and Sons, iron 
founders and hydraulic engineers, G w, and that the | 
contract price was stated to be 64841. 13s. 9d. Itis stated | 
that the amount is under the estimated sum fixed upon by 
the engineer. 


A Four-Masted Ship.—From the number of large-sized 
sailing vessels that have been built of late years, necessitat- 
ing heavy masts, yards, and sails, and the dismasting of so 
many of them, in some cases twice in a single voyage, en- 
tailing a serious loss on shipowners and underwriters, it 
occurred to Mr. ae, of the well-known shipbuilding 
firm of Barclay, Curle, and Co., that, by adopting four in- 
stead of three masts, and thus reducing the size of the 
spars, while retaining all the canvas necessary for propul- 
sion, a great improvement would be made, and, in sub- 
mitting this new kind of rig to the Messrs. ig, the 
owners of the County of Peebles, which was built last 
summer, they decided on giving it a trial. That vessel 
left the Clyde in August last on her maiden voyage to 
Java, and from letters lately received it turns out that 
she has most satisfactorily proved all that her builders ex- 

ted. Her captain speaks in very enthusiastic terms of 
er performance on the outward voyage. 





NOTES FROM THE SOUTH-WEST. 


Colliers’ Wages in South Wales.—The arbitration in 
the South Wales coal trade has resulted in the following 
agreement being come to between the employers and their 
men: Twelve shillings is the minimum price of coal below 
which wages are not to be affected, and 21s. the maximum 
above which they are not to be affected. The basis is 5 per 
cent. above the wages rate of 1869, and upon that basis the 
accountants are, at the end of each half-year, to examine 
the books, and fix the wages for the next half year. The 
books for November and December, 1875, are to be ex- 
— for the fixing of the rate for the first six months 
0 ; 


Travelling on the Great Western.—The Great Western 
ilway Company announce special fast trains between 
Paddington and Plymouth. The chief officials hope to run 
three trains daily each way in 5} hours between London 
and Plymouth—the only halting places. being Swindon, 
Bristol, Exeter, and Newton—local trains on pas- 
sengers to intermediate stations. In order to accomplish 
this feat, there are being constructed not only some specially 
powerful broad-gauge engines, but new passenger carriages 
on eight wheels, fixed to bogie platforms specially adapted 
to the sharp curves of the South Devon line. The broad 
gauge is to be retained for the West. 


St. Ives Railway.—This_ new line is connected with the 
West Cornwall line at St. Ives-road. Herea larger an 
more commodious station is to be built to meet the require- 
ments of the probable increase of traffic. Running on to 
the pretty little village of Lelant the line for about half 
a mile goes across the water and is completed here, the 

ile driving having been finished. At the Brewery Quay, 
lant, men are now-engaged building the platform, walls, 
&c., for the Lelant station. From this point the line has 
been formed to Carrack Gladden cutting, with the excep- 
tion of finishing a cutting in the Towans, ;which will not 
take very long. The heaviest piece of work on the line, 
namely, the deep cutting at Carrack Gladden Hill, is also 
now in an advanced state, being very nearly cut through, 
and in about two months’ time May Som the contractor, 
hopes to have the line ballasted from St. Ives-road to a 
quarter of a mile beyond Carbis Valley. An immense 
quantity of stuff has been excavated at Carrack Gladden, 
and a great deal of powder blown away to remove the rock. 
The stuff as it comes from the os has been run down 
the incline,!and pitched;over the cliff at the tip. The sea has 
already carried off a good deal of it, and no doubt a strong 
north-east e mie eatly diminish the remainin 
uantity. viaduct at Earbis Valley is now finished an 
ed in, and presents a solid massive appearance, being 
entirely built of granite, but it will look much better when 
pointed. A little to the northward of this structure the 
road runs perilously near thé cliff. Towards the St. Ives 


end the works have been nearly at a standstill in conse- | gg. 


quence of possession of some of the land not having been 
acquired until a recent date. Now, however, the line is 
being pushed forward with vigour at this end, and at 
Primrose |Valley, close to the town, numbers of men are 
activel engaged At Primrose Valley there will be a 
viaduct with nine stone piers. These are now completed 
and are ready to receive girders which are daily 

from Stockton. The contractor hopes to overcome all 
obstacles and to finish his contract by Midsummer, 1876. 
At present there are about 250 men engaged on the works. 


The Dowlais Works.—Whilst of the iron works in 
South Wales are closed, or partly so, the Dowlais Iron Com- 


reading , in 
rt that Messrs. York’s estimate was 732l. above | 





pany continues to remain The fur- 





com; ; 
naces are in full blast, and the improved machinery 





for the | 


production of iron is seldom idle. Further, the company 
is said to have obtained a large contract for steel rails. 
Swansea.—A meeting of shipowners has been held at 
Swansea, to consider the —— of extending shipping 
accommodation at that port. A large number of pad 
owners attended, and there was a general Lary A that 
there should be increased accommodation, and that the best 
place for a new dock was Fabian’s Per. 
proved of the Town Council assisting the Harbour Trustees 
ing out the projected works. 
=— d that inasmuch as increased dock accommo- 
tion ey iamery necessary for the commercial - 
pe of the po e meeting was pleased 
members of the ccmeteiiontol the 
moving in the matter, and trusted that their efforts would 
prove successful. 


_ The Gower Iron and ,Tin-plate Company.—The colliers 
in the employment of the Gower Iron and Win-plate Com- 
pany have resumed work after a strike of seven weeks’ 
duration. The matter in dispute is to be referred to arbi- 
tration, Mr. T. Evans, one of the proprietors of the Violart 
Colliery, Penclawdd, having been selected by the employers, 
and Mr. William Abrahams, miners’ agent, by the men. 


Wages in the Rhondda Valley.—Considerable distrust 
prevails in the minds of the colliers of the Rhondda Valley 
Sliding Seale Committee for the regulation of wages. The 

le Commi or ion of wages. 
men assert that it will result in a reduction ttn ection 
nature, but they have agreed to resume work for the 
present. 

Lydney Tin-plate Workers.—After a stop; ‘ onttntng 
over sixteen weeks, the tin-plate workers at tone, Fores’ 
of Dean, have resumed work at a reduction ofS per cent. 

Taff Bargoed Railway.—Cwmpelia was on Monda: 
en féte, the occasion being the — the New Tat 
Bargoed Railway for goods traffic from Dowlais to Cardiff. 
Soon after mid-day one of the Rhymney Railway Company’s 
engines could be heard coming up from Llancaich, steaming 
along with a load of iron ore in the Dowlais Iron Company’s 
wagons, which was being taken to the works of that firm. 
In the afternoon the engine with a of 
empties for Cardiff. Colonel Rich visited Llancaich, and 
examined the junction on the 24th ult. and it. He 
is also expected to make another visit and inspect the line 
right through in a day or two. 


Landore Steel Works.—At the commencement of Decem- 
ber a notice was issued that all contracts existing between 
employers and employés at the Landore Steel Works would 

inate in a month. These notices expired on Friday 
last. The men have had an interview with Mr. Reilly, the 
manager, who has informed them that certain reductions 
were to take place from the 1st January. To this a large 
portion of the men demurred. It appears that the millmen 
and smelters have agreed to continue at work, but upon 
what terms we have not yetascertained. The > 
hammermen, and those connected with them, nearly 100 in 
number, are on strike against the reduction, The men 
have expressed a willingness to accept a reduction of some- 
thing like 5 to 10 per cent., whilst the manager desires them 


to take a much heavier reduction, amounting, as they say, 
to 20, 30, or 40 percent. The men now work about 20 tons 
in a turn, or day’s work, and they state that if Me! desire 
to earn the same amount in a week as before, they will 


will not be able to ac- 
by the men to sub- 


have to draw 30 tons, and that th 
complish. A proposal has been 
mit the dispute to arbitration. 
Dean Forest Trade,—The coal trade in Dean Forest is 
unusually brisk. For several weeks past all the district 


d | colliers have been in full work, and even the advent of 


Christmas only caused a cessation for Christmas Day 
Sunday. The outputs in the leading collieries have been 
~— This briskness of trade is, in a great measure, due 
to the fact that the masters have rigidly to summer 

— The a — as on — — in 

une, showing a reduction during the year per 
cent. The miners, however, are still 70 per cent. better 
paid than in 1870. Taking the year as a whole few of the 
masters can show a profit on the transactions of the twelve- 
months. The strike at the begi of rod ec just when 
trade would otherwise have at its » was followed 
by a long period of depression, from which the trade is just 
recovering. At the iron furnaces there are signs of im- 
provement, and quotations are firm. The ] i 
proprietors in the Forest have been applied to for a 10 per 
cent. advance in wages. 


The Aberdare Valley.—The colliers of the Aberdare Coal 
Company’s pit, Cwmbach, went down at the usual hour on 
Monday. n the course of an hour, however, they all re- 
turned to the top of the pit, giving as their reason that 
they did not understand the terms of the arrangement come 
to by the Conciliation Board, and wished some explana- 
tion. They were referred to their own leaders. It is said 
that the company was put to considerable inconvenience 
by the action of the men, because a vessel was waitng 
for the coal which it was expected would be produced that 
y: 


a Prat has vovently applied for « potent for “An improved 
. Pi recently applied for a pa’ ‘or ‘* 

apparatus Sar joondinn out citron juice on dining tables.’” 
We have rarely seen a better thing than this even amongst 
the translations {so called) of the titles of f patents 
which a from time to time in the Commissioners 
Patents’ Journal, from which the above is taken. e 
hope that.the law-officer will not refuse the patent so that 
Pen tog Sew ie Seven as we have no wish 
to see practice of “ treading citron juice on 
tables’’ become —— Bat stay, it is after 
a lemon squeezer, as it has just occurred to 
us that citron is French for ‘‘ lemon.” 
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DuRine the past week, owing to the Christmas holidays, trade has 
nominal. On page 19 notes will be found regarding t 
Iron Market opened flat last week. On Thursday forenoon, lower 


64s. 3d. eash, o 
ser. Ge & 


s ££ 6. 
° co 0° 
° °c (0 
° °° 
° °° 
° °° 
° °° 
° co (0° 
a, s. a. 
° °° 
° °° 
mn oo & 
8. 4 % 
10 6 15s 
10 4 
° 82 © 
° 3 «2° 
° 8B 6 
° 88 Oo 
° os 6° 
4. s. 4d, 
6 8 6 
6 23 «(6 
° co (8 
° co 0° 
6 ec 60 
° eo 
6 eo 66 
6 co 6° 
° 8 0 
6 co 6|UC°8 
1. No. 3. 
a «a 4, 
° co 68 
° ec (0 
° co 68 
° co (O° 
° co 0° 
° co (0 
° co 60 
° ec 60 
° co (0 
° ec 0° 
° co 6068 
° ec 
° ec (0 
°o a 
° — 
° co 0° 
° eo (Oo 
alongside) 
08, to ol. os, 
ol. on. 
a. a 4 
6 co 60 
°  ) 
° co © 
8. £ «4. 
1s co ° 
° 10 60 
1s - 
° 9 10 
1 8 
° 10 10 
1§ 8 10 
° o> 
° 4 «0 
10 13 © 
° ee) 
° um 6 
1s 23 «© 
10 4 6S 
Co ) co ° 


a 2 being in fal owns by ae 


latter price, buyers off 
forenoon the market was 


64s. 6d. 


64s. 8d. one month, and 64s. 14d 


ported, sellers 64s. 14d. 


n Live: 


l, Norway m' 
of which muc 


is now being 





, closing seliers 64s. 3d., buye 
a. one month, closing with _—y 
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as 3718 tons in the corresponding week of last y ear. 

timber is quoted at 70d. to 12d. per cubic foot, et yellow eee gin (square wood) 21d. to 29d. Hewn pitch pine 17d. to 19d., and Demerara greenheart, 
for dock extension, at 81. to 9/. per ton, and Dem 


PRICH LIST OF MATERIALS. 











































LEAD — Continued. 2a £ 8. a. 4. s, a £ 
Sheet milled.............000+ 23 1§ © © PITOH (per cwt)— ar ory 30s. less than 
MANGANESE Ones (70 por British ..... eeeee 8 © 8 6 
TP «namsneninamn ©: 2 ©. .o A a 12 0 1 6 pe ea DEALS— 
NICKEL (per Ib.) r a ys ' Pagemate (per owt Gachee Ont - gine & 
PuospHor Broxzk— 2a 86 as lh 3 3 > a — ad 
POT TOT)... .cc-cceeereeeee C80 9 COO O was dust ..... 8 © 10 (oO Ditto oddments ......... 21 
QUICKSILVER (perbottle) 10 10 If 8 =| Gepman........c0eees-sesee ° Oo °° 2nd do. jar sizes ...... 15 
Scrap (per tom) -- Blackload in powder...... °° °° * ee wea 8G 
Old rails for re-manu- 8rd do. sizes ...... 10 
facture, D.H. + =: 8 $ 0 Raiwar Gress oF. oddments............ 9 
Do. flange, &c. co (0° co 6° cwt.)— scenes 68 © oo Uf (Floated pine 408... "20s.. 
cline = fe. 8.0 1s (per ewtj—" ‘ bee and 10s. less for Ist, 
PELTER (per ton) — sree ennce ens on a pec- 
Silesian, common .,........ ss 2g 10 yen oe ELMER EDS aes 6 COO ae ot ie tr 
Rhenish.., Apr Bio oth TALLOW (per cwt.) Canndloa spruce, Ist..,.. 10 
English .. oo" es 8. American beef ......... 49 6 co o 2od 
SPIRGLEISEN (per ton)" sheep... 50 0 © © is - ae 
Best 6 > : 3 Australian beef 47 6 48 0 New Brunswick spruce 8 
5 shee; ‘cd ° oo © U.S. pitch pine ..........0 10 
38 Oo °° 3 on Y AMERICAN TIMBER— 
” — BhEAr ... ..+005 45 0 6 ° 9 © © Red pine (mixed and 
a 45 0 ° 3 
English b oprings deisnadieas 30 © 22 10 Yellow pine, large ........ § 
Bliste co o © oO S = @ »  Waney board ...... 5 
co 6° co 6° 9 co 0 4 
9 10 10 10 3 
7 (° 20 0 
11 10 13 10 CHEMICALS, &c, 
on ingots .. on » © 10 10 
Swepisn Iron (F.0.b. at Acrps — 8. 4d. 8. d. 
Gottenbuarg)— th acid, fine (per so ‘oy 
snenserageeeeoscessoneceseess . § 10 6 0o OWE.) scores see see oee,-- sve vee Sire aebec large ...... 
bar rolled 13 0 16 10 Muriaticacid,common.. o © °° ot h, ‘Qos and P-_E. isle : 
mered..... ce © © © Aquafortis (per Ib.) .. SEAR a: pa small averages ... 2 
niger i *, See 
Straits 80 10 8 o “ Masts, red p' étheaesed.co 
Billiton .. 8 © © © Sulphuric acid, brown, o of o 1 a hh ad large... $ 
cm 8 0 86 o Ammonia — Muriate (per <£ 8. £ 8 of> EM ceccssatatsns & 
English ingots 8% o co (0 agen soe cneceovensoveoesesoeses ° 1 a ag . o  MAMTTEB. .. cocccessecce 8 
_ _- een 8 oo © © oo » a 
© anes he e- White (per WE) nr 27 6 «638 (OO " Norway spars 2 
Australian...........0.0000008 08 © co 6(O ‘owde per cwt. «- 13° 3 co o Indian teak P 10 
Tin PLATES ( per box s. 4@& 8 4 Borax—refined (percwt.) 53 © © © | fBpritish Guiana green * 
LG chattel eee 27 0 ga 0 | BRIMBTONR (per tor)— 9 £ 0, £ 0, | Brine Gulane gre -- f 
ee pe 0 © oo oO Rough 7 § 2° Australian ironbark . 7 
” eo O° co 0° e« 323 10 14 © 
—- 
eudbenipomerae 22 2S | commsiatscdar” a Tt | Segue crn 
Zinc (per ton)— So :@:> @- 6 ton)—....... « 6§ © Jo © Dentsig and M Monel crown 4 
Sheets, Eagish . tegen go 31 © White, foreign.. poe ccceee coece co 6060 eo 0° » ist middling...... 
vy HOTCIGM ......0000e 08 © C8 © LEAD, Salts, &., (per ‘good, midi 
t)— and 2nd... wm 2 
OALS AND C E < z nnd .- ae common mid- 
KE. —«-_—_——_|_— NAT REO accesersseeerrsererree OF OF — OF OF | GI ..seeesereeseeseorer eee 2 
Cc ° ; 2 : . ° n_.. J ee cashes 2 
COALS (per ton s. 4d. 8. . ° » sma ort, and 
Darbeehit ave — se: lum 6 LITHARGE (per cwt.)......... 37 © 8 © irregular 
6 me SALTPETRE (per cwt.) Stettin .......... piieninalinpes 
°o 6 © English = at kegs. > a8 Swedish ..........sssesss 
° 14 «0 ” rreis ... ° co 6O small 
“Sa or »  Bengal.... 9 9 © "and 
ee i es Cees Tt ee ee ee re. ee eer 
° © 80° TIMBER, DEALS, &e. setting (per sq. 
o © 0° ) 
> an. hy bo mee Standard £ 8.4. £8. 4. First yellow... a 
tp fe . ote ae | Rea ° 
° 
> an Seton’ qualities eaviibaceens ° 
LATHWOOD (per cub, fathom) 
OILS, GREASE, & LUBRICATORS on'ed |e ae 
T CUM) ....00000 sovccecee . i 
, brown... 29 10 go 0 sorts, yell. and white _13 © © 14 10 0 Rigs, Dantzig, &e......... me 
Sperm head . o © © 7 deals, other Warnscot Logs (per 18 ft. 
hale, pale. 34 10 Tr ee ee. rrr reer 910 © 1110 © cube 
» yellow , 32 © 43 «0 Norway b battens, all sorts 5; 0 o 810 © s 
brown , 299 © ge © Swedish deals mixed ... 12 © © 16 © © x 4 
PrrRoLeum— . a & & ” ve BPA oes. .o0e +1010 © 13 10 © Memel crown 4 
Fine (por. gallon) eenesese: a ee « 1 o » inferior brack 3 
» Spiri siete @ 82 °° and 4th ., seccsree 710 © 10 0 0 Odessa crown ...........c. 5 














8. 





©ooco000 000090 eocoo eooo°0o 


eooo°0 


oo 


e000 8080 8 800 


° 


oom 


° 
° 
° 
° 
oO 


»ewe 


ooo 


6 
$s 
5 
4 
° 


I 


= 
ounod 


Tuurspay, January 6, 1876. 


generally been very quiet in se branch, and, as usual, at the close of the 
the metal and other trades in the Northern and Southern Counties of England. In regard to the Seote 


Ts he week and y 
at the Tiger and buyers at the lower rates. 

, cash paid, closin, 

64s. 9d. one month open, closing sellers 64s. 9d. "cash, buyers 64s. 


ange to report in the quotations for makers’ iron. 


ora at 71. to 8. per ton. 
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, quotations are almost 
tch trade the Glasgow Pi, 
rices were accepted for a fair quality of iron, the rates being 64s. 6d. to 64s. 3d. one month open, 64s. 44d. an 
with buyers at the lower, and ~~ at = higher prices. During the afternoon the market was quiet, a small business being done at 64s. 3s. cash, and 64s. 43d. 
ear ‘closed on Friday with more firmness, and business was done at 64s. 6d. and 64s. 74d. cash, and 
Monday was a blank day on eS owing to the New Year’s Day enjoy- 
terday’s market opened steadily at the closing prices of last iy’ 64s. 9d. to 65s. one month open, and 64s. 9d 
In the afternoon business was done at 64s. ye. ond 
t, and 4 greater willingness to sell was manifested. The 
fourteen days also porgees closing sellers 64s. 14d. cas 


with sellers at the 
. Last Wednesday 
opening r was 64s. 3d. cash, a moderate amount of business was done at 64s. 14d. cash, 
buyers 64s. In the afternoon the market was quiet, but no business was re- 

Last week’s shipments from Scotch ports ameunted to 5220 tons 








NOTES FROM SOUTH YORKSHIRE. 
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HEFFIELD 
The Phaniz Bessemer Steel Works, 8 
stated that the Phoenix Bessemer Steel, 


Tekles, near Sheffield, have been transferred to a limited! The Leeds Gas Supply.—Mr. Henry |W Woodall, here is a public road to orth, Ughill, &e. The 
liability hecpry d with a capital of 70,0001. in 1002. shares. | engineer to the Leeds Corporation, report the in order to water surface of the dam when at its ovdinary level 
The capital of the original peg was 10,0001. in 50l. | remove complaints as to limited supply laid 900 will be about 125 acres, and its contents about 
shares, but it was com payment in June with | of 8-in. mains in lieu of 4-in. from Rikstall fall road to Hyde 1,200,000,000 gallons. The has a width at 
liabilities estimated at 148, 1901. he works were subse- | Park-road, and 158 yards of 6in. in place'ot 2-in, in Basing- | *he top of 70 ft., widening to 120 ft. at the base. It is 
quently seld to Messrs. Steel, Tozer, and Hampton for | hall-street. He is now laying an 8-in. main a with solid stonework, and the inner face of the em- 
36,8000. across Woodhouse Moor, in aan existing 4-in. one, on ep in ashlar work. Mr. Thos. Hawksley, 
The Shefield and North Staffordshire Railways Amal. | to supply Healinghy. fn ott i020 yarde of 8 in. and oe Seo cumngeny's coger et. 
gamation.—The announcement of the tion on | + in. mains were laid last month, chiefly in the Round Water § Chapeltown | (near Sheffield) —The 
equal terms of these lines is a matter of so much interest | , and new 12-in. main is about to be laid to C Sheffield W: Wake Wiatks ve agreed to supply a 
=—* Bay bo Sane te Sale now Siete Sh ctnnesien wi town, Leeds. minimum quanti af 70,000 oe daly (chroug a low- 
- 4 was incorporated in Completion in of (en Bane Weed Bata CAS meter) at a charge o . per 1000 gallons into 
and is simply a network of collecting lines. fon 1848 | | Oe 2 ate ob thn Saclay. Soieg-eceiins tank at 1 , the supply of Chapeltown, the di 
ya Fes og 116 of canals, and its ital is Sheffield Water Works Com Seneeny wanaees on Pian tribution thence to be the sanitary au 
,430,4871. Manchester, Shefiield, and Lincolnshire tna, the being Sho lotays dh ay Se Act of a este rity, which wrath mtg Nn nar A 
owns 180 miles of railway, is part owner of 191 and leases ment. by the poly on plan to construct a local reservoir had abandoned 
78 other miles, besides owning 174 miles of canals. Its | pany. is wes oxmbennel cheek cai gulag years ago, and ha, 


ke., 


ital is 15,788,748. For the first half of 1874 its 
; celielane r cent. and second half 3 per cent. The 
ld.—I corresponding dividends of the North Staffordshire being 
rks, at the 1 and 2} per cent. respectively. 


formed by 
valley, the em 
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been in continuous course of construction ever since. 


It is 
a huge and lofty embankment across the 
being over 2000 ft. wide at its base, 
~—— tapering off to 50 ft. on its summit, over which 
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INTERNALLY v. EXTERNALLY FIRED 
BOILERS,—No. II. 


In our last article we described the three experi- 
mental boilers erected by the Société Alsacienne de 
Constructions Mécaniques, and we have now to ex- 
plain the manner in which the experiments, made 
with them were. conducted. As we have already 
stated, not only were the consumptions of coal and 
water recorded, but observations were made of the 
temperatures of the gases entering the chimney, of 
the analyeet of these gases, and of the quantity of 
water taken off in suspension by the steam. Analyses 
were also made of the cinders left by the different 
varieties.of coal used, During weg) mp of each 
experiment a record was kept also of the pressure of 
steam and of the amount of opening of the damper. 

Each boiler was furnished with an ordinary 
pressure gauge for the use of the stoker, but in 
addition to this there was provided for the con- 
venience of those in charge of the experiments, 
and to insure exactitude, a mercurial gauge, 
this gauge being placed in communication with 
the main steam pipe by a small pipe fitted 
with a cock. During each trial, from 6 A.M. until 
noon, and from 1,15 P.M, to 6 P.M., the height of the 
mercurial column was observed every quarter of an 
hour by those in charge of the experiments, and at 
the end of the day the mean of these heights was 
ascertained and the mean absolute steam pressure 
calculated by the formula : 

21+B-— 
Wx B 
in which P is the absolute pressure in atmospheres ; 
éthe mean height of column in millimetres; 13.59 
the density of mercury;'and B'the barometric 
height (also in millimetres) observed at noon each 
day on a Fortin barometer. 

As regards the opening of the epee, a record 
was e each time the position of the damper 
was shifted, and a diagram was made for each ex- 
periment showing the positions of the damper 
throughout the trial. ee of these diagrams 
(with temperatures in degrees Cent.) are given on 
the next page, and as the area of openings corre- 
sponding to the various positions of the dampers 
are known (see page 6 anfe), the diagrams afford 
ready means of calculating the average clear area. 

The Fairbairn and elephant boilers were each 
provided with a single vertical glass water gauge, and 
the Lancashire boiler with two inclined glass gauge 
tubes. In each case the vertical height of the mar 
of these gauges above the centre of the boiler was 
carefully ascertained, and all —— of water were 
measured from that centre. The height of the 
water was recorded each morning when commencing 
operations, and the feed was adjusted so that in the 
evening at the end of each experiment the water 
should be at the same height. 

The water used was measured by means of a 
wrought-iron rectangular tank fixed upon the 
boiler setting and of a capacity slightly over 2000 
litres or 70.63 cubic feet, this tank being fitted 
with an overflow which commenced to discharge as 
soon as 2000 litres or 70.63 cubic feet of water had 
been filled in, The tank was also fitted with 
a glass gauge tube provided with a graduated scale 
indicatin the contents of the tank comeanondin 
to the different levels of the water. “The fe 
water was drawn from the hot well of a neighbour- 
ing engine, and it was supplied to the measuring 
tank from another tank at a higher level. During 
all the experiments the feed water Lad an almost 
constant temperature of 26 deg. C. to 29 deg. C. 
(78.8 deg. to 84.2 deg. Fahr.) From the measuring 
tank the water ran with a head to the donkey 
engine by which the boilers were supplied, this 
engine being fitted with a counter and its sp 
being adjusted so as to maintain, a constant rate of 
feed, this feed, however, being of course interrupted 
when the measuring tank became empty. To refil 
the measuring tank required but.a few minutes only, 
and each time it required ing the time at which 
it became empty was noted and also the number of 
revolutions indicated by the counter on the donkey 
pump. As the latter was only worked quietly and 
the water flowed into it, it -was. found 4h the 
number of revolutions.required to,feed in 2000 
litres was constant, and the donkey pump..and its 
counter thus served as a kind of .water meter to 
check the observations of the ing tank. 


U 
13.59 


To ascertain the weight of water used corrections | ,, . Hirn 
the -third volume of the Bulletin de 
Industrielle de Mulhouse, page 257. Eee 


had, of course, to be made for differences of tem- 
perature, For this purpose each time the measuring 





tank was filled the 

ascertained by means 
to ‘tenths of a degree, and in the evening the 
volumes of water supplied were added together and 


a thermometer graduated 


their mean temperatures ‘calculated. From these 
data the weight of water supplied could be ealcu- 
lated, while the evaporationjeffected was in all cases, 


for the purposes of comparison, reduced to the| 


equivalent ev ion from 
0 deg. C. or32 deg. Fahr. 
Each morning, as we have said, 


a temperature of 
the water level 


was observed on commencing operations and «while | 
the water was in a state of repose, while on the day | 


following, at the same ‘hour,’ the level was again 
o If this observation showed a lower level 
than that at which the experiment was’commenced, 
the amount of water so deficient was added to that 
fed in during the trial ;: while if, on the other hand, 
the level was too high, or in other words, if the 
boiler contained more water at the end of an experi- 
ment than at the begintiing, this excess of water 
was deducted from thé amount fed in, and in esti- 
mating the performance of the boiler the latter was 
credited with the units of heat required to raise 
this excess of water from the temperature of the 
feed to that corresponding to the pressure of steam 
in the boiler. t 

The temperature of the products of combustion 
at their discharge into the chimney was measured 
by means of the nitrogen thermometer of MM. Hirn 
and Hallauer, this thermometer indicating the 
temperature by the expansion of a volume. of 
nitrogen contained in a vessel of hammered copper 
placed in the boiler flue, The nitrogen when ex- 
panding acts upon a column of liquid contained in 
an inverted syphon, and the action of the arrange- 
ment is very sensitive and exact. We may pro- 
bably on a future occasion illustrate and describe 
this thermometer in detail, as it is one which is 
apparently exceedingly well adapted for such 


investigations as those of which we are now speak. 
ing. The temperature of the-escaping gases was in 
each case taken just beyond the and at a 


height of about 34 in. above the bottom of the flue, 
special precautions being taken to prevent the 
entrance of cold air. Observations of the tempera- 
ture were made every five minutes, and the appa- 
ratus was adjusted each day at noon. 

To ascertain the proportion of water carried off 
in sans by the steam the process introduced 
by M. Hirn was adopted, this consisting in con- 
densing a certain weight of steam in a known 
weight of water of which the initial temperature 
has been accurately observed. The rise of tempera- 
ture caused by the condensation of the steam affords, 
of course, a measure of the quality of that steam, 
or, in other words, of the amount of moisture it 
carries in suspension. Thus if W=the weight of 
the condensing water; S+w=the weight of moist 
steam discharged into this water for condensation 
(S being the weight of dry steam and w the weight 
of the water carried in suspension with it) ; T=the 
total heat-of the steam drawn from the boiler ; 
t, =the sensible heat of that steam; ¢, and ¢,= 
respectively the initial and final temperatures of the 
condensing water, then the value of w is given by 
the equation 

w= 8+) (T—-t.)-W (a—t), 
; T-—tp 

This method of ascertaining the amount of 
moisture carried off by the steam necessitates the 
use of an accurate balance and of delicate thermo- 
meters, while it of course requires a little practice 
to apply properly. In careful hands, however, it 
gives very accurate results and there is nothin 
complex in its application,* In the case of the 
series of experiments with which we are now deal- 





eed | ing, the results obtained by the an of this 


mode of investigating the moisture of the stéam are 
specially usefal, as 
supplying steam of 
give a tive value to the rates of ¢ 
recorded. “The pv ne ee of water carried off 
the steam in the different trials’ we shall record in 
due coursé with’the other résults, but we may refer 
here to a special series of experiments'made on the 
elephant boiler to determine the effect of Me be 
the water level. “On one day, when the water leve 


was maintained at a ‘height of° 4 in. above the 
centré of the boiler, the quan water carried 


*'A brief but excellent 1 


tion 





of the water was |' 


ey show that the boilers’ were’ 
good quality, and thus serve ‘to, 








off in suspension by the steam ee 
3.81 st respectively pp ey 
.81 per cent, id -the 
water level was.-variediand the. results were es 
follows : i esesiA ai heen doupt emis dan: 
H of water.abovecentré,.in. in. in... in, 
ae tec in . 86 62 10.6 69.7 
| pension in the steam = £96 $911.96 9.81 442 
, The day following further trials rere-made th 
very. high water levels, and the following ‘were 
‘results : syeecr Ci San ‘ 
Height of waterabovecentre “in. © in. in. 
~~ line of boiler 1. 90.6 910.4 112 
Percentage of water in gas (© 4" 9 | 
pension in the steamyw a, v1 200. 3.58 2.84 


These thirteen trials were made while the boiler 
was being worked with a large consumption of coal 
and was supplying steam to anengine working irre- 
gularly, e, general..deduction to be drawn 

pears to be that the of..water carried 


in suspension is more affected by the demand for 


steam than by the h of the water level. 

As we have the programme of the 
boiler trials included the analyses of the products of 
combustion, These analyses were made by means 


of M. Orsat’s apparatus, which was illustrated and 


paeceabenna tt us on peas 329 of our sixteenth 
volume ; : m the great facilities 
which it affords-for rapid analyses of gases, 
being excellently ; d for such experiments as 
those under notice. were, drawn off in 
the manner intr . A. Scheurer-Kestner 
during his valuable researches on the combustion of 
coal,* there introduced into the flue a tube 
with a long slot capable of being kept clear by a 
suitable sliding scraper. By this means the gases 
were taken simultaneously from different parts of 
the cross-section of the flue and a fair mixture was 
obtained for analysis. The results of these analyses 
veaes give in due roca . 

es analyses of the ucts of combus- 
tion, analyses were also. eee the cinders left 
from each series of trials, average samples being 
taken, carefully labelled, and sent off to the 
chemical works.at Thann for analysis. The re- 
sults, which were as follows, tend to show that the 
most complete combustion: was obtained with the 
elephant boiler, 








‘Gobenoe 
n con- 
Quality of Coal. Boiler, tained in 
Cinders, 
Ronchamp (heavy firing) «| Lancashire ry 
” ” oo ” t 
oe t 8.6 - 
‘ , “| elrbeten 121 
Ronchamp (light firing) «| Lancashire 10.6 
” ” oe Elephant 72 
” ” on Fairbairn 9.0 
Saarbrtick .., ave eee pe re 7.0 
” on eee ove on Elephant 6.2 











As we stated in the early part of this notice, the 
experiments on the boilers, of which we have been 
speaking, were commenced in September, 1874, 
when it was decided that each boiler should be sub- 
jected to a preliminary trial of two days’ duration 
to ascertain that all was in proper working order. 
Each boiler could be connected to two compound 
engines,of which one used from28,600lb. to 33,0001b. 
of ee day of eleven hours, while the other 
used but from 15,400 Ib. to 17,6001b. only ; but as it 
was i essential that the steam and feed 
pipes of the boiler under trial should be completely 
isolated from those of the other boilers and not 
merly shut off by cocks or valves, it became 
necessary that the boiler which was being experi- 
mented upon should furnish all the steam required 
bythe one or the other of the engines. In the 


of the committee in charge of the experi- 
ments, ‘the . large —— a greater demand 
upon a single boiler thanwas consistent with the 


ri uch it 
raportion | prestst enemy bub annua i frequently 


be best ifthe principal experiments were 
made with the boiler under trial supplying steam to 
the large engine, and it was determined an ex- 
periment of this kind rem week should be 
made with each of the three b in turn, 

For making these trials Ronchamp coal of the 
best quality was selected, because this fuel had been 








* ‘account of these researches see Bulletin de la 
decane d i de Mulhouse, yo xxxviii., p. 195, 
ot 204. 
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oe vious experiments, and the 
of Presults obtained with: those of 
such trials was thus facilitated. Inasmuch, 
however, as the coals of the [Sarre district are at 
the t time much used in Alsace, it was deter- 
mined to make some further experiments with this 


fuel also. 

The coal used for lighting up was included in each 
day’s consumption. e same stoker was employed 
during all the trials, and he is re by the com- 
mittee to have shown much and pa ga? fired 
regularly without making any exceptio orts. 
The pm Me observations were ee by four em- 
oy hen of the Société Alsacienne de Constructions 

écaniques, whose services were at the dis- 

of the committee, and to w the latter in 
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NOTES ON TORPEDOES.—No. II. 

Tue Russians employed torpedoes very exten- 
sively in their defennive systems at Sebastopol and 
Cronstadt; but, owing rather to the wariness of 
their enemies than to their ineffectiveness, no direct 
results came from their empl t—that is to 
say, no ships were destroyed by them. How far they 
contributed to the security of their great naval ports 
from attacks by the allied fleets can only be a matter 
of conjecture; but it is very apparent, areview 
of the history of the war, that th er 
into the calculations of the English and Fren 
naval commanders in their discussions of the chances 
of success in their enterprises against those harbours. 

The Russian torpedoes were great improvements 
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——s hours each day. Having now 
described mode of carrying out experiments, 
we shall in our next article give an account of the 
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upon previous inventions in the method of igniting 
the charge. General Delafield in his ‘‘ Art of War 
in Europe” thus refers to them : 

“* Torpedo mines, if I may use this name, given 
by Fulton to self-acting mines under water; were 
among the novelties attempted by the Russians in 
their defences about Cronstadt as well as at Sebas- 
topol, Around and about the island of Cronstadt, 
and the anchorages that the allied fleets would pro- 
bably occupy, as well as the channels of roach, 
and ancho abreast of the castles defending 
these channels, numerous submerged mines—or as 
Fulton calls them, torpedoes—were placed to ode 
by the ey of any vessel i is i — 

eir iar arrangement was entirely new, and, 
as I believe, the conception and idea of Professor 
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pane ay an eminent Russian chemist and philo- 
sopher.” 

e general does not describe the submarine tor- 
pedo, as when he was at Cronstadt the principles on 
which they were operated were known only to the few 
Russian officers whose duty it was to apply them, 
and of whom no ge A could be e. Subse- 
quently, however, the allies raised numbers of them, 
and their mode of ignition was found to be identical 
with the land mines employed about the fortifica- 
tions, and which General Delafield describes as a box 
of 8in. cube, contained within another box, leaving a 
eee of 2 in. between them filled with pitch. Upon 

e of the exterior box rested a piece of board 
supported by four legs of thin sheet iron. Upon 
any pressure upon the board the iron supports 
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yielded, and it came into contact with a glass tube 
containing sulphuric acid, breaking it and precipi- 
tating the acid upon chloride of causin 
instant combustion and explosion of the powder. 

Another arrangement was found at Bebasto 1 
used for submarine mines as well as on land. e 
acid was contained within a glass tube placed 
within a tin or soft thin leaden tube which rested 
ona box. The tube had a branch opening down 
into an apartment in which was the chloride of 
potassa and the fuse. The manner of its operation 
was similar to the foregoing. Barrels were often 
ee at the box for submarine mines. 

system stationary—or moored—torpedoes 

was used by the Austrians during the war with 
Italy to bar the entrance to Venice. 
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TWIST DRILL GRINDING MACHINE. 
CONSTRUCTED BY MESSRS. THOMSON, STERNE, AND COMPANY, ENGINEERS, GLASGOW. 
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The general recognition of the torpedo as a 
legitimate engine of war followed as a result of its 
use during the American Civil War. 

With a vast extent of coast peculiarly open to 
attack from sea, with a great territory traversed in 
every part by navigable streams, the Confederates 
had no navy to 5 Any to that of the Union, a 
condition which, from the very commencement 
of the struggle, stood in the way of their suc- 
cess, and neutralised their prodigous efforts on land. 
Under the pressure of necessity the rebels turned 
their attention to torpedoes as a means of defence 
against such terrible odds, hoping by their use to 
render such few harbours and streams as yet re- 
mained to them, inaccessible, in some degree dan- 
gerous to the victorious gunboats. 

Within a very short period of the inception of 
the design, a system was formed so far perfect and 
complete that the action of Federal steamers was 
materially checked. The channels of approach to 
the ports of Wilmington, Charlestown, and Mobile, 
which then remained to the South, were lined with 
sunken torpedoes of many different forms, and 
capable of ignition by a variety of agencies and 
clever devices. Rivers and bays, through which the 
Federal vessels had passed freely, and with im- 
punity, now became dangerous ground, to be navi- 

ated with caution. Carrying out the original 
Salen of Fulton, they armed the bows of their 
hitherto insignificant craft with these cheap and 
diminutive contrivances, converting them at once 
into tremendous engines of destruction, against 
which, when boldly handled, no amount of armour 
could prevail. 

At the naval actions at Hatteras, Port Royal, 
and New Orleans, and throughout all the move- 
ments afloat, which resulted in the Federal occupa- 
tion of the entire sea-coast except Wilmington, 
Charlestown, and Mobile, no torpedoes were found, 
nor were their presence suspected. 

After the attack upon Charlestown of the 7th of 
April, the rebels planted in that harbour a number 
of gigantic torpedoes; they also constituted the 
most formidable part of the defences in the James 
river, at Fort Fisher, and Mobile, where they were 
raised in great numbers, after the fortifications in 
which the electrical batteries or machines were 
placed, came into the possession of the Northern 
armies. Several were used with appalling effect. 
They rarely contained less than a ton of powder, 
and were usually placed in the narrow and deep 





(For Description, see Page 24.) 


channels to which passing vessels were necessaril y 
confined. 

Boilers of useless steamers were at first used to 
contain the charges, but the rebels soon commenced 
the fabrication of cases expressly designed for the 

urpose, the work upon them being done in a skil- 
fal and thorough manner ; each case being submit- 
ted to the test of a powerful water pressure before 
being ae 

The rebels formed their torpedo corps, and com- 
menced the systematic use of torpedoes, during the 
fall of the year 1862, and in the month of December 
following, reaped the first fruits of their organisa- 
tion, in accomplishing the total destruction of the 
iron-clad Cairo, one of the most powerful vessels 
of the Mississippi squadron. 

Until 1863 the Federal naval forces were con- 
tinually on the aggressive, and the defensive torpedo 
system had not been found nec to the main- 
tenance of the Federal positions. Public despatches 
and the press were accustomed to treat of the subject 
with apparent detestation. Such expressions as * in- 
fernal machinations of the enemy,” ‘‘ assassination in 
its worst form,” “‘ unchristian mode of warfare” were 
familiar terms employed to characterise the system. 

Towards the close of 1863 iron torpedoes were 
placed by the United States authorities at the 
mouth of the Roanoke river, where they remained 
until the close of the war. 

About the same time that these events were 
occurring in America, Mr. J. ffern com- 
municated a scheme to the War Office by which he 
engaged to sink the strongest ironclad afloat in the 
British service, or breach the Plymouth breakwater 
by a submarine projectile. The scheme was as 
follows: Bearing the fact in mind that a con- 
greve rocket passes through water as well as through 
air, and that to the dimension of a rocket there is 
no limit, his proposition was to suspend a rocket by 
flotation, point it in the direction of the object to be 
demolished, and fire! Under those circumstances, 
the only deviation possible would be in a horizontal 
plane ; the projectile would, in point of fact, be 
endowed wit ns accuracy of fig) t, or rather of 
aby ag ere would be no difficulty in manu- 
acturing asubmarine rocket that would carry at its 
head a ton of nitro-glycerine. 

On the scheme being communicated to Sir 
William Wiseman, he is reported to have objected 
on the ground of the unfairness of a principle in- 
volving almost certain destruction. 


Fice 








Universal opinion would endorse the decision 
7 to entertain so diabolical an arrange- 
ment, For certainly the chance of destruction 
of vessels by some of the numerous contrivances 
that are destined to play an important part in 
future naval engagements, are sufficiently great 
without being rendered absolutely inevitable. 
When such engagements shall take place a new 
element of danger will have to be provided against, 
and vessels will require to be fitted with every 
practical means of defence against subaqueous 
attacks that ingenuity and seamanship can suggest, 
while, above all, sailors will have to acquire as 
thorough a knowledge as possible of the various 
ays of destruction that may be used against them. 

or the progress of modern warfare has decreed 
that unseen weapons should form a new element 
of attack, the more to be dreaded because they are 
invisible, and fatally certain in their operation, as 
the experience of the Civil War of America has 
shown us. 

The present system of moored torpedoes, or as 
they are technically called, ‘‘submarine mines,” 
consists really of four distinct classes or sections, 
which derive their names from the separate methods 
employed for bringing about the explosion of their 
respective charges ; hence we have electrical, elec- 
tro-contact, electro-mechanical, and mechanical 
torpedoes, all formidable contrivances for destruc- 
tion, and capable when allied of forming a very 
effective barrier for guarding the mouth of a river, 
or entrance to an harbour. 

In order to avoid complication we shall describe 
each branch separately, and in the order of the fol- 
lowing summary, which is here given with a view 
of affording to the reader a general knowledge of 
the system under discussion. 


Crass I.—ELectricaL TORPEDOES, 


In this class of submarine mines, “which rank 
first from the variety of their use,” a wrought iron 
case is employed for containing the explosive, 
ee attached to this case, and in 
electrical connexion with the fuses for igniting the 
charge, is a self-acting circuit-closing apparatus, 
enclosed in a buoyant vessel, which is secured to 
the mine by a suitable length of Bessemer steel wire 
rope. They are moored in electrical connexion 
with the shore, and in addition to the advantage of 
being rendered safe for the of a friendly 
vessel, may be fired either by contact or by obser- 
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vation, the position of an hostile vessel relative to 
any parti mine — ascertained by means of 
a telescopic arc provided for the purpose. The ad- 
vantage of this arrangement is, that both systems 
of firing are in operation at one and the same time. 
Crass Il.—Exectro-Contact TorPEDoEs. 

Those specified under this heading consist of a 
pear-shaped vessel, enclosing an air-tight chamber, 
which in addition to supplying ow a - 
ancy, contains the tplosive employed ; 
into this chamber iiss MANAiEA tho airoulteclacing 
apparatus, to which is attached a bursting shell con- 
taining the fuses and bursting charge. 

They are moored in electrical connexion with the 
shore, and like the more elaborate class previously 
described, may be rendered safe, at the will of the 
operators in charge of the station. But as their 
name implies, they can only be fired by a vessel, or 
some other hard , striking them with suffi- 
cient force to close their electrical circuit. 


Crass III,—ELectro-MEcHANIcAL ToRPEDOES. 

These are similar in form to the electro-contact 
mines, but having no electrical connexion with the 
shore, cannot be rendered safe for the passage of 
friendly vessels, and consequently are not available 
for the defence of a navigable channel. The ad- 
vantages claimed by their inventors for this class of 
torpedoes over the purely mechanical torpedoes, 
are a possibility of their being recovered when no 
longer seeuieall for service, and the facilities which 
they afford for blockading purposes. 


Ciass IV.—MgcHanicaAL ToRPEDOES. 

In this class of 
charge is brought about by purely mechanical 
means; they are, therefore, independent of all ex- 
ternal or perishable explosive agency. 

They consist of a buoyant case, containing the 
ee charge of gun-cotton or powder, and fitted 
with a self-acting primer for igniting the charge 
when the torpedo is struck by a ing vessel. 
This class of torpedoes is specially adaptable for 
coast defence, being both cheap and simple ; and as 
they are usually constructed in such a manner as to 
render it impossible to recover them again, when 
once they are moored in position, it is obvious that 
they may be successfully applied in positions where 
no guns are at hand to protect them. 








TWIST DRILL GRINDING MACHINE. 

WE give on page 28 engravings of a very neat and 
complete twist drill grinding machine, constructed by Messrs. 
Thomson, Sterne, and Co., Limited, of Glasgow. The ma- 
chine consists of a substantial hollow standard having at 
its top a slide for the headstock carrying the emery wheel 

pindle. This headstock can be moved to and fro on its 
slide by the lever d. The spindle carries at one end 
the emery wheel, while at the other it drives a small centri- 
fugal jump, as shown. This pump draws water from the 
hollow standard—which serves as a water tank—and dis- 
charges it on the edge of the emery wheel, the connexions 
between the pump and the tank and emery wheel casing 
respectively being made by india-rubber tubing. The 
wheel is so mounted that it can be shifted back as the 
emery wheel wears, and the water can thus always be dis- 
charged effectively on the wheel. The wheel spindle is driven 
at a sneed of about 2400 revolutions per minute. 

At an angle of 45 deg. with the wheel spindle there 
branches of from the standard an arm carrying the sliding 
head, &c., in which the drill to be ground is mounted, and 
the best way to describe these parts and their uses will 
probably be to explain how the grinding of a drill is per- 
formed. The process is as follows ; See the handles a and b 
are loose. Remove from the bearing post e the finger which 
is used in the preliminary adjustment of the wheel, and put 
in the proper size of guide ring for the drill to be ground ; 
place the drill in the hollow spindle or socket made to fit the 
drill and spindle, its end resting in the guide ring, with the 
left-hand on the milled flanges c c'; adjust the spindle so as 
to allow about j in. play between the flangec' and the head /; 
move the head / and spindle, so that the end of the drill is 
brought to the face of the wheel, then tighten the lever g 
with the right band; start the macb ing; regulate the 
amount of water supply by raising or lowering the flexible 

“tube through the eye on the headstock ; adjust the drill 
forward with the left hand on the flanges a a’, bringing one 
cutting edge of the drill horizontal against the face of the 
wheel, and press the drill forward until the desired amount 
is cut away; then tighten the handle a firmly with the 
right hand, let go with the left band, and tighten the 
handle 6; then with the right hand upon lever d move the 
emery wheel back and forward across the face of the drill, 
and at the same time with the left hand bring the bandle } 
down very slowly; after which operation, rotate the drill 
quickly against the face of the wheel by moving the handle 
5 up and down, until a smooth finish is given to the end of 
the drill, then loosen the handle 4, and pull down the spring 
stud underneath the head / and throw over the handle a 





io the explosion of the | ped 





then again tighten the handle 4, and repeat the operation as, 
in grinding first side of the drill. After setting handle a it 
must not be loosened until both cutting edges of the drill are 
finished. To prevent the water from freezing in the tank 
(thereby endangering the pedestal) it is recommended that 
there should be added one-seventh part of glycerine, other- 
wise the water should not be allowed to remain in the tank 
over night during frosty weather. 

Altogether the machine we have been describing is very 
well and handily arranged, and we have heard very favour- 
able reports of its performance. The value of twist drills 
depends greatly upon their being properly ground, and in 
all workshops where such drills are used an efficient grinding 
machine is a most valuable adjunct. 


EVAPORATIVE SURFACE CONDENSERS. 
To THe Epiror or ENGINEERING. 

Srr,—I would esteem it a favour if you or pod of your 
numerous would favour me with some information 
about combined water and air surface condensers (the 
water and air acting by pep onteide of <~ —— ~ steam 
eugines, proportion of cooling surface, best size of tubes, 
oy of water used, general efficiency and approximate 


Yours truly, 
IJ 





January 11, 1876. 


GAS BURNER TESTING. 
To rue EpitTor or ENGINEERING, 





Srm,—Mr. Woodall, the Leeds i , has set himself 
to this "The reeulte to the public are very: inatrae- 
tive, especially at Leeds, now th ve got the private mo- 


nopoly into their own hands. e very frankly 
eof the good of a great light which the referees 
i the | i room, termed the 
” by which he is computing the 
general use and others not so 
of gas through the standard 
: engineer ought to have 
the new standard is more than two candles 
the old; therefore, the referees have allowed 
Woodall to reduce the public tulip 7.22 candles with 
ivate ph 5,22 ayer md in rx 4° referees have 
i opting their burner to win 
wiht ee tiadion to band ¢ i ce Ped or otherwise 
there shall be in every test-room, with this burner, over 
two candles more value com with any other outside, 
unless Mr. Woodall can educate the people from a four- 
penny open — (with no glass to break) up to this 
stan , which the people of Leeds will find costs nearly 
12s. I may be told they are sold for 6s. This is a special 
burner I presume at a special price ; however, the price is to 
be found somewhere in Leeds Gas Office or Town Hall. 
Whatever are Mr. Woodall’s intentions every thinki 
person must admit he has made an honest statement whic 
cannot fail to open up a subject of vast importance, which 
the public have not yet taken hold of ; when they doI 
hope they will demand back the two candles the referees 
took from them in 1869, when the Board of Trade adopted 
their recommendation. The two candles given back will be 
extremely just, compared with the — of compelling 
the ple of this — Som to one shop for a burner 
which gives a light equal to the standard at an enormous 
cost, not adapted for use. If the minority havea 
fancy for special light they have a right to improvement, 
when that is adopted as a standard which a, tere great 
masses of the people of that improvement, and 
no alternative but the burner, or two candles less light. 
Mr. Woodall has got out of the field of controversy, but 
there are gentlemen in the field who have this burner as a 
standard, and can make sixteen-candle with common 
coal only. I have no doubt other gentlemen in the pro- 
vinces, had they the same standard, could uce like re- 
sults. Those makers or companies who since 1869 have, 
where possible, not raised the price, keeping good faith 
with the consumers by ining the old standard and 
allowing them outside the test-room the two candles to use 
or improve in proportion to their means, s in a most 
honourable position. I hope the London companies and 
the people will mutually consider the best settlement with- 
out the aid of referees or their one-sided instructions, and 
do not give them the again of another great light, 
which is a standard only in the experiment room, not quite 
so common as the yard measure or the pound weight. In 
private monopolies, when handed over to public bodies, in- 
stead of the gas engineer acting — the monopoly in 
behalf of the public, he changes places and acts with the 
local government or the people as the case may be. There 
is a case in the centre of Yorkshire, where a private 
monopoly was not long since transferred to the public. 
Any newspaper rambler may take a U-tube with two 
corks and bent tubes at right angles, and blacken a 
lead test and turmeric pee in as little time as it 
takes him to connect the instrument. In this place 
there is a competent examiner who I am confident does 
his duty. Although sulphuretted hydrogen papers are 
turned black in a very short time, reports as to 
quantity or cause are not made known ; therefore, I have 
come to the conclusion they must be suppressed, either by 
the manager, town clerk, or the lighting committee. This 
is not the only case | yoy a — ina 
rivate company’s were conti ly dragged 
‘ore law, acked up with analyses. They no sooner 
c hands than the local government could afford to 
iow the impurities, examiner’s reports, &c. All troubles 
are set at rest under the rule that what the people don’t 
know does them no harm. When science is as an in- 


i 


strument to take advantage of those whoare not enlightened, 
it is dishonourable, and anybody who for the sake of gain- 
ing power or advantage, causes the public money to be ex- 
pended with no purpose in view but the position, is also 





leaves them | i 


therefore I hope the of London 

h their vestries will see that too much money is not 

1 — Na ny the pee be ae age 
causing this agitation, at any rate waich those who pla 
the burner trick. é iad 
Gas EXAMINER. 


Chapel-terrace, Pye Bank, Sheffield, January 7, 1876. 


FILTRATION OF FEED WATER. 
To THE EpiTor oF ENGINEERING. 


S1r,—I am desirous of fil the feed water from a 
surface condenser with the hope of preventing the corrosive 
pence of the oily acids and yerdigris on the plates of a 

of 150 horse power-ngminal. Will you or any of 
Fed peony kindly” me information on the 
0. #7 j 
i ‘pr om the best ~ of er. - 
3 charcoal or coke is the best materi 
for filtration. as & 

8. Whether zine or iron gs ea greatest affinity 
for copper if used to assist in ing precipitation from 
the water 


4. Are there any filters in use for the purpose, and if so 

the address of the manufacturer. 
aR oa Yours truly, 

AUSTRALIAN. 


KRUPP’S SILICATE COTTON. 
‘To Tae Eprror or ENGINEERING. 
Srr,—Will you kindly permit us to correct an error 
which occurred in the nolies on the above invention in your 
issue of the 31st ult., arising from no fault whatever of our 





own. We to day from Mr. Frederick Krupp that, 
although the cotton sold by us is manufactured at 
his iron works on the U; Rhine, near Coblentz, it is not 
exactly his invention. h this fact isof comparativel 

small im we t circumstances over which 
we had no should have induced the belief that such 


was‘ the case, and that we are only at the eleventh hour 
—_ oy + Any Noman pete. All “ silicate — 
suppli us for purposes of covering steam boilers 
and pipes, safes, ice-houses, fire-proof rooms, &c., and, in 
short, for all in which the letting in or out of 
either heat or is the o , is produced at Friedrich 
Krupp’s works as above mentioned, and is protected by our 
own Leg yiZ,,& Sy Ay astar — oe 
crossed. you for, the space you have already 
Py for @ notice of the article in question, and begging 
he favour of an insertion of the present in your next issue, 
we re ' 
,_ “Sir, your obedient servants, 
4. staat ; || = AGRESSWELL AND Co. 

140, Leadenhall-street, E.C., January 7, 1876. 

[We find that the material now called “silicate cotton”’ 
has, under the name “ schlackenwolle”’ (elag wool), been 
long made as a commercial product by Mr. Fr. Ltirmann, 

t the Goorgs- i works, near Osnabriick. We 
do not know by whom the manufacture of this “‘ slag wool’’ 
was originated, but we believe that to Mr. Liirmannn is 
due the credit of having first manufactured the material on 
a commercial scale.—Ep. E.] 


SEWAGE FARMS. 
To THE EDITOR OF ENGINEERING. 

Srr,—I find in your sanitary summary of the last year 
the following statement, which appears to require some 
qualification. 

‘Tn a financial point of view we are not aware of a single 

t of ts of any sewage now existing in 
England having been produced, showing the actual cost, 
charge, profit, or loss based on the ordinary method of 
business accounts.” 

It is true that the above farm is situated in Wales,’ but 
otherwise it pretends to satisfy the want of statistics noticed 
in the above quotation from your article in this week’s 
ENGINEERING to the extent of its ability. 

T am, Sir, yours faithfully, 
FRED S. JoNnEs, 
Lieut.-Colonel. 











Havod-y-wern Farm, Wrexham. 
anuary 6, 187 








Tue InsTITUTION oF Crvin EnoinrEerRs.—At the 
meeting on Tuesday, January 11, 1876, Mr. George Robert 
Stephenson, President, in the chair, it was announced that 
the Council, acting under the’ provisions of the bye-laws, 
had recently transferred Messrs. Robert Elliott Cooper, 
Westminster, James Graham, Westminster, Arthur Jacob, 
Barrow-iu-Furness, William Luke, Scinde, Punjaub, and 
Delhi Railway, and Joseph Fox Sharp, Borough Surveyor 
of Hull, from the class of Associate to that of Member, 
and had admitted the following candidates, viz. :— Messrs. 
Henry William Bennett, Henry Parsall Burt, George 
Chatterton, Harry Withers Chubb, Bertram William 
Cook, Godfrey Darbishire, James Grundy, Walter Home, 
Edward Innes, Thomas Jacob, Frederick Martin Jones, 
Herbert Mayes, Richard Marion inson, 
Seymour Blanshard Pemberton, William Wilkinson Squire, 
Lewis Gordon ll, and Robert Stodart Wyld, Jun., as 
Students of the itution. The monthly t resulted 
in the election of Messrs. Frederick Augustus Abel, 
F.B.8., Chemist to the War Department ; Richard Ernest 
Brounger, Stud. Inst. C.E., East London and Queenstown 
Wig Edward Alexander Dunn, Stud. Inst. 
C.E., Westminster; Martin William Browne Ffolkes, 
Stud. Inst. C.E., Wisbeach ; Albert Hi Hime, Capt. 
R.E., Colonial Engineer for a Arthur ide 


John 
Edward Sawyer, B.A., Stud. Inst. C.E., Westminster ; 
John Hume Smith, Stud, Inst. C.E., Dundee ; and Francis 





Vigers, Old Jewry, as Associates. 
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INSTITUTION OF CIVIL ENGINEERS. 

Ar the meeting of the Institution of Civil Engineers, held 
on Tuesday, the Lith inst., Mr. George Robert Stephenson, 
the newly-elected President, delivered the following address 
on taking the chair for the first time since his election : 

‘** Gentlemen,—My first duty is to thank you for the high 
honour that you have conferred on me by electing me to 
your President. At the same time I very earnestly ask 
you to continue the valuable aid which has forso man 

ears maintained the prestige of this Institution, and will, t 
Looe, enable meto carry on the work with the success 
which has distinguished the presidency of my able friend 
and predecessor, Mr. Harrison. I am fully sensible of the 
responsibilities belonging to a position of which any mem- 
ber of our great profession might well be proud. In accept- 
ing the onerous duties that are inseparable from it I look to 
you—I will not say for indulgence in any shortcomings of 
my own—but for thatready co-operation which my pre- 
decessors have never asked for in vain, and without which 
I cannot hope to fulfil the claims of the office. I am sure 
you allshare with me a feeling of deep t, that the 
continued indisposition of your late senior vice-president, 
Mr. Hemans, has prevented him from taking the place 
which I now occupy. We all know how well he is entitled 
to it by many years of faithful service in your councils, and 
by those personal and professional qualifications which 
rendered him so worthy arepresentative of this Institution. 
It has been customary for your presidents in ,their ad- 
dresses not only to pass before you, as it were, in a general 
review, the engineering works ef the period immediately 
preceding their accession to office, but to recal, oftenin a 
picturesque, and always in an interesting manner, the 
earlier and more remote achievements of the founders of 
our profession. I can propose nosuch task to myself, not 
only because those who have been before me have already 
carefully traced the history of various branches of engineer- 
ing science, but becauseI cannot expect to make any use- 
ful addition to the series of interesting sketches which have 
been presented to you from this chair. I shall therefore 
confine my remarks toa very slight reference to some im- 
portant works, and to a consideration of subjects which, in 
my opinion, demand earnest thought and study on the part 
of cata and require intelligent appreciation by the 
public. 


** SEPARATION OF GooDS AND MINERAL FROM 
PASSENGER TRAFFIC ON RaILways. 

** Your late President stated, in his address, that, 

‘ Although in England the employment arising from the 
construction of railways is not so great as it has been, there 
is still a large amount of work to be done, to meet the in- 
creased requirements of the traffic of the country; and in 
foreign countries this branch of practice will for a long time 
demand the attention of the rising generation of civil 
engineers.’ This is, doubtless, a correct statement in 
general terms, and for some time past we have been re- 
minded that extensive railway works in this country are 
drawing to a close and will necessarily be fewer and fewer. 
I am strongly of opinion, however, that, though the works 
which have yet to be completed, will not afford employ- 
ment for all who may make railway engineering their 
special study, the time is not far distant 28 very con- 
siderable extensions of existing works will be uired, to 
provide for the increased mineral and coal c of the 
country. I refer to the necessity—which is more and more 
pressing—for increasing the means of transit for heavy 
‘ goods’ trains,’ and for separating them (and especially 
the ‘coal trains’) from the passenger traffic on our 
crowded main lines. Up to the present time various plans 
for effecting the same object have been brought before the 
public. Since the latest of these schemes was proposed 
there has been an enormous increase of traffic on railways 
in connexion with coal and mineral districts. A great 
accumulation both of passenger and ‘ goods’ service finds 
the provision of our lines still seriously inadequate, though 
railway companies have endeavoured to méet the growing 
difficulty either by forming some new lines or by widening 
those already at work. Not only public convenience, but 
public safety demands a very much greater extension still, 
and I believe that the best, and the most probable remedy, 
for a condition that may soon become insupportable, is the 
separation of goods and minerals from the passenger traffic 
on our main lines. That means must be adopted to 
simplify the present system is inevitable, and I cannot 
doubt that those companies whose traffic with the mineral 
districts is largest, will find it to their advantage to push 
on the duplication of their lines, in order to meet the 
exi ies caused by the enormous development of their 
business, and to effect the division that must soon be im- 
peratively required. The separation, judiciously carried 
out, will, I think, be an economical advantage. The greater 
portion of the stock is already in existence ; the cost of 
management would be little increased,and the gathering 
lines in the coal fields, the coal depéts, and the lines in 
London for distribution to the consumers, are already in 
the hands of the companies. A still greater consideration 
is, that heavy freights would be conducted at. less than half 
the speed at which they are now conveyed ; so that engines 
would take a largely increased load, and the frequent 
‘shunting,’ which is so destructive to waggons and 
causes such loss of time on the road, would be uced to 
aminimum. The ordinary wear and tear of ing stock 
would be considerably diminished, while coal would arrive 
in London in better condition, and would eventually be 
delivered to the public at a lower price in accordance with 
decreased cost of transit, As each year new works 
add their traffic to the already crowded Sess, and every 
ear increases the difficulty of carrying on this traffic be- 
een frequent passenger trains. At the same time the re- 
duction of the cost of transit by sea is. great] i 


facilities for carriage by ships. The erection "of extensive 
docks in the coal rivers, the provision of effective staithes 
and cranes for rapidly loading and unloading, and better 





means of communication with the collieries, are advantages 
which have accompanied the building of a class of larger 
carrying vessels, To these may yet be added ships ofa 
still larger size, the propelling cost of which will be still 
further reduced, so that there is an absolute certainty of 
the freights by sea being diminished. On the other hand, 
as the increased mineral and passenger traffic on railways 
are not separated, ‘the existing difficulty of running fast coal 
trains between passenger trains will continue to add to the 
cost and danger of transit. Thus, while the cost of the sea 
route is being reduced, carriage by railway is becoming 
dearer anddearer. The consequence will be that the ship- 
ing trade will command the bulk of Newcastle and Dur- 
m coal freights to London, and when we remember that 
coal and mineral lines have usually extended the pockets 
of shareholders to a ter degree than passenger lines, it 
becomes a matter of great importance to the railway in- 
terest that this carrying trade should be secured toit. I 
think, then, it is obvious that in any casea very rm 
amount of work remains to be done in the shape of ad- 
ditions to the present means of conveyance on railways ; 
and, if the views which I have —e- correct, a pos 
increase of construction in the shape of new or duplicate 
hnes, —- with the public demand for improvements of 
rivers, drainage of towns, new docks, harbours, land re- 
clamation, and gas and water supply will afford much 
future employment for engineers in this country. 


“* HARBOURS OF REFUGE. 

‘“« During a recent visit to several places on the Mediter- 
ranean I was equally surprised and interested by the extent 
and variety of those great works which, during the last 
few years, have been constructed for the protection and 
secure accommodation of shipping, along the whole extent 
of coast from Marseilles to Naples. The attention of the 
English traveller is arrested—even if his national pride be 
not disconcerted—both by the provision of excellent har- 
bours of refuge, and by the admirable and complete methods 
which have been adopted for lighting the entire coast. The 
magnificent works at Marseilles, the fine harbour at 
Genoa, the formation of the bay of Spezzia into a harbour 
of refuge by means of a breakwater ; the grandly con- 
ceived aibesoon breakwater at Leghorn, and the ex- 
tensive constructions in progress at Naples, compel the ad- 
miration of the English visitor and cause him to reflect how 
few and inadequate are the provisions made in his own 
country for the safety of ships and the protection of life 
and property at sea. On parts of our coast, which may be 
said to be crowded with shipping, the need for maritime 
works and places of security is painfully obvious, and I was 

tified to find on my return from abroad last year, that 
Sir John Coode had,in an able lecture delivered at the 
Royal United Service Institution, taken up the subject 
of providing harbours of refuge, along with those strategic 
harbours which came more immediately within the scope of 
his address. As long ago as 18450r 1846, it was proposed 
to construct a harbour of refuge near Margate, and it be- 
came my duty to accompany Mr. Rendell and Mr. Robert 
Stephenson to make an examination of the coast. Shortly 
afterwards an inspection of the east coast was made with a 
similar object ; but, though even at that time the traffic 
was so great as to arouse serious apprehensions, because of 
the want of maritime works, for securing the safety of the 
vessels e' ed on that coast,the whole subject was per- 
mitted to in se, and, so far as the east coast is concerned, 


acquainted with the perils that threaten shipping on the 
British coast, and who have some practical knowledge of 
the need for greater security, as. well as the means by 
which it may be attained, that can bring the subject of pro- 


ment and the general public. Several years ago, in the 
course of my duties, as oneof the engineers-in-chief to the 
Danish Railways, and canal and reclamation works in 
Holland, I had frequently to cross the North Sea in all its 
varied and usually boisterous conditions. I have always 
been proof against the common enemy of most landsmen, 
so that I had any opportunities of estimating the extreme 
difficulties, and of observing the constant dangers which be- 
set brave and trustworthy men, held responsible for the 
lives and property of those committed to their charge. Need 
I say that the necessity for providing harbours of refuge has 
vastly increased since that time, and, according to the best 
information obtainable, continues to increase, because the 
traffic conducted by the mercantile marine will always be in 
proportion to the growing commercial activity of the 
country. Of this comm activity, the eastern coasts of 
England represent a very , le portion, and when 
we remember that the proportion of wrecks casualties 
at sea is also increasing to a terrible extent, it should 


shelter, with anything like safety, in heavy gales. Itis 
true that at several of the large coal ports a great deal has 
been done by private enterprise. I may instance those im- 
rovements in the Tyne, where a very large expenditure 
~ ey ma tate I jeltes piers, panned Fes 
operations, &c. By these means a much greater 0! 
at has been obtained, but such works cannot be c 
with proper harbours of refi They have not even 
diminished the anxiety, or the ac dread which the 
sailor feels when he is compelled to run for a harbour, 
where the danger to which he is Ps agg becomes ter 
after his shipis inside the pier heads. This need 
of maritime works on our coast is the more remarkable 
when we observe what has really been effected in those 
places where some of our foremost engineers have had the 
opportunity to carry out their . The magnificent 
harbour at Holyhead, begun by the late Mr. Bendel and 





completed under the able entof Sir John Hawk- 
shaw, is regarded by the whole nation, if not by every 


to fall into oblivion. It is only those who are actually | line 


viding harbours of refuge prominently before the Govern- | ] 


lassed | and other parts of the province. 


trading nation in the world, asan inestimable boon to the 


fleet of merchant vessels which.come 
to . The Plymouth break- 
water, and the Portland breakwater, the latter 
Mr. Rendel and completed Sir John Coode, have 
filled the most s 


of which the coun profession 
The skill with which they were ae , 
which they were carried out, a ageend sane 
by the saving of life and the preserva’ of ; 
raised them to the rank of some of our greatest national 
possessions. From whatever pointof view we re the 
neglect of the Government to provide harbours refuge 
on the eastern coasts our wonder i . Large sums 
are spent (and doubtless they are well t) in maintain- 
pa ships; and in ins for becoming 
ors inthe Royal Navy. At the same time it has be- 

come proverbial that ‘ The trade 8, sailors 
for the service of the country.’ It surely follows then, 
that if it be desirable to spend money in educating a youth 
to be a sailor, it is no more t the plainest economy to 
protect and encourage the sailors who are ready-made and 
are not only maintained without cost, but by the enter- 
prises in whieh they are engaged are contributing to the 
material ity and commercial success of the country. 
I cannot quit this topic without expressing my belief, or, at 
any rate, my hope, that the time must shortly arrive when 

ere will be a demand that some portion of the heavy 
revenue derived by the Government from the east coast 
maritime trade shall be devoted to the purpose of extend- 
ing to shipping, navigating the North Sea, the security of 
places of refuge such as give it advantages already en- 
joyed at other parts of the English coast. 

(To be continued). 





FOREIGN AND COLONIAL NOTES. 
Tasmanian Tin.—Tasmanian tin mining presents some 
activity. At Emu Bay there are about 200 men at work 


on a way which is constructed by the Van 
Diguens Land Company, and the road as faras Hamp- 
8 


Hills has been gerdaraged and made passable for 
teams; hitherto all operations have been oa 
formed by packhorses. The Mount Bischoff Com 

only sent down a few tons of ore at present, but com- 
pany has a large quantity on hand and is only wane (or 
the roads to improve. The Stanhope Com has 
roceeding with its furnaces, but has been much hampered 
b bad roads and the necessity of ing everything. At 
Mount Cameron there are over 100 men at work on the 
various claims, without counting those further inland and 
at Upper Ringarooma. The 2 merge companies at work 
are the Prince of Wales, Mount Cameron, Enterprise, 
Garibaldi, Victoria, Moore’s, Campbell’s, and Smith's Ex- 
tended, all of which seem to have good A arog before 
them. At Upper Ri ely to be some 
very rich claims indeed. 

A Tennessee Narrow Gauge Line.—A narrow gauge 
line has been projected from Pulaski 75 miles south of 
Nashville, Tennessee, to Memphis. The distance between 
the two points named is 190 miles, and the estimated cost 
of the road is 1,900,000 dols. A portion of the road has 
been led, and the promoters of the line ve 
the whole of it under contract in the course of 1876. The 
ine will, it is stated, open outa district rich in mineral 
resources. At Henderson, on- the new road, a branch is 
proposed to be thrown out to the Tennessee river. 


Genoa.—Measures are being concerted for the improve- 
ment of the port of Genoa. — ilbau, an eminent 
talian engineer, has been consulted upon the subject. He 

a breakwater of ble extent with a view 
to the protection of the interior of the port against. the 
Sirocco and the Garlien, or the south-west blowing 
from Africa. Warehouses, quays, &c., are also in con- 
templation upon an impo scale. 

Making the Best of Matters—The president of the Cin- 

cinnati, Sandusky, and Cleveland Railroad Company—a 
—— — ob — Orekin for 1874-5. 
in rting w e of the unde’ ‘or 5, 
pt the | ing of our roundhouse at § ringfield 
caused usa good deal of inconvenience for a while. ith 
the exception of this and the loss of the locomotives and 
tenders therein, and the explosion of a locomotive boiler 
near Sandusky, the road has been remarkably exempt from 
casualty during the year.” 
Permanent Way on the’ Madras.—The cost of maintain- 
ing the permanent way of the Madras Railway—compris- 
ing 921 miles of single track (of which 87 miles are si 8), 
June 30, 1875, was 78,2131. Of t 


ma there are 


ufely be our duty on every proper occasion earnestly to | in the half year en 

pute that the lhe 4 should be péovited efficien me} sum, however, nearly — was a to the re of 
at once. From the North Fore! tothe Frith of Forth | the , Paupugnee, C reer ; ge Gori- 
the east coast has no harbour in which a ship can seek attum bridges, da’ by in , . 


A Nova Scotian Railway.—Messrs. Shanly and Plankett, 
of Montreal, have made ments with the directors 
een ait ules hapgal) tor das compelinardl 
connects Yarmouth wi is) for the com 

the road. When this result is attained, railway communi- 
cation will be rather materi improved between 





The United States Navy.—Increasing activity is ex- 
hibited at the Portsmouth (U.8.) navy , where an 
extra force has been taken on in the and en- 
gineer’s dapocinans, The United States steamer 
is about to be put in commission. _, 

The Public Lands of the United States.—In the year 
ending June 30, 1875, the extent. of lic 
lands ‘‘ disposed of” in the United States was 7 1 
acres. The cash receipts of the year were, er, ant 
1,784,001 dols., large having been granted to rail- 
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BUTLER’S EMERY WHEEL. 

We have lately had an opportunity of examining in 
operation at the emery works of Messrs. A. H. Bateman and 
Co., of East Greenwich, a very neat device for emery grind- 
ing and polishing, patented by Mr. J. W. Butler, and of 
this device we now subjoin anengraving. It is well known 
to all who have had experience in emery grinding that to 
perform rapid cutting a very high speed of the wheels is 
desirable. But it so happens that those emery compounds 
which are best adapted for quick cutting have also the least 
cohesive strength, and hence the speed at which it is possible 
to drive safely ordinary discs made of such compounds is 
limited. The device designed by Mr. Butler, however, gets 
over all difficulty of this kind, while it, moreover, is free 
from defects belonging to some other arrangements which 
have been proposed for the same end. 
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Referring to the annexed engravings, it will be seen that 
Mr. Butler, instead of usinga disc of emery, employsa 
ring made up of segmentsa a. These segments are placed 
within the flange 5! of a casting 6, and inside them are 
placed the curved plates ¢ ¢, which are tightened up 
against the grinding segments by thescrews //, inter. 
posed between the plates ¢ and the bossc. The pairs of 
locked nuts g g are used for balancing the wheel, and they 
enable this balancing—an important matter in wheels 
driven at a high speed—to be accomplished very readily 
and accurately. Fig. 8 shows an arrangement differing 
slightly from that shown by Figs. 1 and 2, the cast- 
ing being, in this case, of such form that the plain 
disc } is interposed between the adjusting screws 7 and 
the work which is being ground, It be understood 
that the grinding is periormed by bringing the work 
against the annular surfaces a’, presented by the grinding 
blocks instead of against the periphery of a wheel as is 
usual. As the surface a' wears away, the grinding seg- 
ments are shifted further out, a portion of the thickness of 
the segments being made of a non-grinding compound, so 
that the segments may be held firmly until all the grinding 
part is utilised. 

It is evident that segments held in the way we have 
described can be driven with perfect safety at exceedingly 
high speeds, while the manner in which they are held is 
such that there is nothing about the device likely to catch 
against work or do damage by anything falling on it. 
This is an important matter concerning the safety of the 
workmen using the wheels. 

Quite apart from the safety it gives, Mr. Butler's device 
affords another advan namely, that the grinding 
segments used in it are found to cut far better than a 
continuous ring. In our engravings four segments only 
are shown, but in larger wheels the number of segments 
ae be owt! increased with advantage. 

short ago we had the opportunity of seeing at 
Messrs A. H. Bateman and Co.'s works some experiments 
showing the effects of dividing the rings into segments. A 





TANK LOCOMOTIVE FOR THE L. B. AND S. C. RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF W. STROUDLEY, LOCOMOTIVE SUPERINTENDENT. 
(For Description, see opposite Page.) 
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trial was first made of a complete ring 7 in. in diameter 
inside and 10 in. outside driven at a speed of 3200 revolu- 
tions, corresponding to a mean surface speed of 7100 ft. per 
minute. This ring was made of a pound not adapted 
for quick cutting, and when used to grind away a cast-iron 
bar lin. square it only removed g in. in three minutes, the 
surface of the ring at the end of trial having a glazed ap- 
pearance. Subsequently eight radial notches were cut in 
the ring so as to divide it practically into eight segments, 
and it then, when tried on the same cast-iron bar, ground 
away $ in. in three minutes, although it was driven at but 
2500 revolutions, corresponding to a mean surface speed of 
5560 ft. per minute. Another trial was made with a ring 
composed of eight segments made of one of the mixtures 
used for the Ransome emery wheels (formerly known as 
the Bessemer emery wheels) made by Messrs. Bateman and 
Co. under Mr. F. Ransome’s patent, the internal and 
external diameters in this case being 9 in. and 12 in. 
respectively, and the speed being 2000 revolutions per 
minute, g to a mean surface speed of 5500 ft. 
per minute. With this segmental ring 13} in. was ground 
off the end of the 1 in. square cast-iron bar in 123 seconds, 
and in another trial 2} in. in three minutes, the metal 
being thus cut away at the rate of very nearly an inch per 





ng 
slightest tendency to glaze. Other trials were, at the same 
time, made with the Ransome wheels of 
forms, all showing very great powers of rapid cutting. 
Considering the safety and other advantages offered by 
Mr. Butler's device, we expect that it will be extensively 
used, and we think that the practice of using grinding 
segments in the manner we have described is well worthy 
of attention, 








BOILER TUBE STOPPERS. 

Tue want of an effective tube stopper, which can be 
easily and quickly applied, has long been felt. Tubes in 
marine boilers often given way at sea, and the old method 
of stopping them by driving in wooden plugs, is well known 
by all marine engineers to be—to say the least—a clumsy 
and sometimes a dangerous job. Messrs. Ley and Shearer, 
of Liverpool, have invented and patented a tube stopper 
which is self-adjusting, direct in action, very simple, and 
easy of application. It consists of two cast-iron pistons 
} in. thick, and a little less in diameter than the inside of 
the tube to which it is to be applied, connected together by 
a? in. wrought iron rod/18 in. long. The pistons have a } in. 
square groove cut in them, in which a vulcanised india- 
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rubber ring is placed, and the inner faces of the pistons are 
perforated immediately under the ring. When a tube 
fails, this stopper is placed in it, either end first, and 
pushed along it by means of a rod until the forward end 
passes the fracture, when the steam and water, passing 
through the perforations in the pistons, press directly 
on the under side of the india-rubber ring, expand it, and 
completely stop the tube, even though it is not perfectly 
regular. Messrs. Ley and Shearer’s tube stoppers 

been used for the last eighteen months 
steam-shipping companies out of Liverpool, 
&c., and have proved effective under 
being applied to boilers with steam at 60 1b. and 70 Ib. 
per square inch soon after leaving port, ve 
always remained in position and effectually prevented any 
escape of steam or water during some of the longest voyages. 
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TANK LOCOMOTIVE FOR THE LONDON, BRIGHTON, AND SOUTH COAST RAILWAY. 
CONSTRUCTED AT THE WORKS OF THE COMPANY, BRIGHTON, FROM THE DESIGNS OF W. STROUDLEY, LOCOMOTIVE SUPERINTENDENT. 
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WE give this week a two-page engraving, together with 
other views on the present and opposite pages, of one of a 
class of four-coupled tank engines designed by Mr. W. 
Stroudley in the year 1872, and constructed at the London, 
Brighton, and South Coast Railway Company's works, at 
Brighton. Next week we shall give other engravings, 
drawn to a large scale, of the principal details of these 
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Brighton with excursion trains. The distance between 
London Bridge and Victoria vid the Crystal Palace is 16} 
miles, and the booked time for the run, including the time 
allowed at thirteen stations and for the collection of tickets, 
is 58 minutes. The average trains consist of ten carriages 
generally well loaded. As will be seen from the annexed 
section the Crystal Palace line is a very heavy one, there 
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engines), and the time allowed for the run down is 1 hour 
58 min., this including the time allowed at three stations 
and for the collection of tickets. The average load between 
London and Brighton taken by these engines consists of 
16 the maximum being 25. 

For working the trafficabove described thelocomotives under 
notice have proved very successful, and we find that during 














locomotives, and for the present, therefore, we shall content 
ourselves by describing their general arrangement and 
giving some particulars of the work they have to do. 

The engines we illustrate are known on the London, 
Brighton, and South Coast line as the “ D class,” and they 
are employed chiefly between London Bridge and Victoria, 
working what is called the Crystal Palace traffic. They, 
however, also run in their turn between London and 











being in one direction the New Cross bank—a gradient of 
1in 100 about 24 miles long—together with about five- 
eighths of a mile of 1 in 60 near the Palace, while between 
Victoria and the Palace there is a long length of 1 in 166, 
besides several lengths of 1 in 100 and others of 1 in 95, 
1in 94, 1 in 85, and 1 in 64, On the other hand the 
distance between London Bridge and Brighton is 504 miles. 


n © lotic 
; ei 8 88 s ie 3 eye 
? 3 si ftisi ¢ @s hs 
teevert £ z * oan 100 *) - - - j= j-d- 
b- = ij i 
“ 2 ii ‘ i 4 
° 2 e Fr) + 3 6 7 r 9 rT) “4 








(probably the longest run now being worked by tank 








the three months, ending on the 81st July last, the average 
consumption per mile of fifteen of these engines was but 
28.1 Ib. of coal per mile. Nor have the engines proved less 
satisfactory as regards economy of maintenance than as 
— economy of fuel, for the first of the class (the 
“ Sydenham”) which commenced running the Crystal Palace 
on December 12th, 1878, had, up to the 8ist of July 
last, been at work on 582 days out of a possible 598 days 

















versely by the buffer plates, the cylinders, the motion 
plates, and the transverse stays in front of and behind the fire- 
box. This last stay is well stiffened by horizontal plates 
as shown in the longitudinal section and plan, and it forms, 
in fact, the drawplate, the rear drawbar being carried 
forward so that the pull is taken from a point just in the 
year of the firebox. The drawbar is, of course, allowed 
sufficient lateral play on the trailing buffer plate, as shown 
in the plan. By a neat piece of designing the cylinders 
are got very close together, still retaining the slide valves 
between them. The arrangement is shown by the trans- 
verse section, Fig. 8, on page 27, but it will be ex- 
plained more clearly by the detail views of the cylinders, 
which we shall give next week, when we shall have 
more tosay about it. The cylinders are placed at an angle 
of 1 in 11}, so as to keep the motion bars clear of the lead- 
ing axle, and the whole of the working gear is, as will be 
seen from our engravings, arranged in a simple and straight- 
forward way. The motion plate, it will be noticed, is a 
casting, the guides for the valve spindle crossheads being 
cast solid with it, 

The engine is provided with wing tanks containing 860 
gallons of water, and a coal-box at the rear of the 
footplate holding 80 cwt. of coal. Pipes are provided 
so as to lead a portion of the exhaust steam into the tanks 
and thus heat the feed-water, the condensation of the steam 
thus admitted being assisted by causing the pumps to dis- 
charge into the upper part of the tanks when not feeding 
the boiler. The boiler is fed by two pumps worked direct 
from the crossheads, and of the details of these pumps we 
shall speak hereafter. 

The engine is fittted with a brake applied to all the 
wheels, and sand boxes fitted with valves worked from the 
footplate are provided at the leading end. The footplate 
itself is protected by a neat cab, and the various fittings, 
handles, &c., are all very conveniently arranged. For 
working out the design, too great care has been taken to 
secure neatness of finish, and, viewed as a whole, the 
engine has a trim appearance which is exceedingly pleas- 


We have now given some of the chief particulars of the 
engines we illustrate, and of the work done by them, and 
next week we shall, as we have said, describe their details, 
which include many special features. In the mean time we 
conclude this notice by subjoining a list of the leading 
dimensions of these engines, which will be convenient for 
reference. 


linders : ft. in. 
eter Fe 15 
Stroke Bes 2.0 
Distance apart centre to centre 22 
Breadth of steam 0 lt 
” > Sauk ports 0-2 
Travel of tlide valves in full gear 04 
Outside lap of valves : H 
” ” 





Width over footplate _ ; 
Height of footplate from rail 
Total = of frames between buffer 


plate: 
Total ength of engine over buffers 
Sprin 
Length of leading and trailing springs .. 
Widt ” ” ” eee 
bp rer ” ” ” 


load 
Depth of leading springs (one ti in. and 
sixteen } in. plates). 
Depth of ~_— springs (one tin. and 
fteen din. plates)... 
Driving springs, each two volutes 7i in. 
diameter by 11} in. long, made of 8in. 
by #in. plate. 


Boiler : 


Length of barrel 
Diameter of barrel outside 
Thickness of plates ... 
” ta plate oe 
Le oy of firebox casing outside 
Wi 
Thickness of top and side plates 
, back and front plates... 
Length of inside firebox (copper) at top 
(inside) 
Length of inside firebox (copper) at bot- 
tom (inside) 
Width of inside firebox (copper) at top 
(inside) 
Width of inside firebox (copper) at bot- 
tom (inside) 
Thickness of tube-plate of inside firebox 
” », other plates _,, 
Distance between crowns of inside and 
outside fireboxes (front) ... 
Distance between crowns of inside and 
outside fireboxes (back) bes , 
Number of crown stays 90 
Centre of crown stays ti in. and bode in. 
Number of tubes bi 177 
Diameter of tubes (outside) ‘ 
Thickness ,, Nos. 10and11B.W. a. 


lena of smokebox outside ... 
Width 


Thickness of smokebox } plates... 
Diameter of chimney (inside) at bottom 
” top 
blast pipe nozzle... 
Height 7 blast pipe nozzle above centre 


of boi 
Hei ht of top of chimney from rail 
g. top of ch ey 
go ge Pe es 
anal on eabity tebe 140 Ib. per sqr. in. 
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eter of plungers 
Stroke ‘ a. 
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The Dowlais Works.—It is stated that the Dowlais 
Company has Fong a large contract for steel rails, 
amounting to 500,000/. in value. If the present sale price 
of steel rails be reckoned at 101. per ton (and they are not 
worth quite so much) it will be seen that this contract re- 
presents 50,000 tons, or six months’ regular work. The 
orders appears to have been given out on home account. 


Taff Bargoed Railways.—These lines have been inspected 
by Colonel Rich. He was accompanied by Mr. Tyrell, the 
passenger superintendent of the Great Western Railway ; 
Mr. Spagnoletti, of the Great Western Telegraph Depart- 
ment ; Messrs. Dutton and Liley, from Messrs. Mackenzie 
and Holland, signal makers; Mr. Watkins, of the Loco- 
motive Department ; and Mr. Donaldson. At Lancaiach 
Colonel Rich was met by Mr. C. Lundie, of the Rhymney 
Railway, one of the joint engineers of the line; also by 
Mr. R. Evans, and Mr. George Lundie, resident engineer ; 
Mr. Thomas Dixon, contractor; and Mr. George Dixon, 
manager for the latter. The Government Inspector tested 
the various signal arrangements and the other works on 
the line, and on the completion of his inspection d 
himself pleased with the arrangements. ‘The works have 
been constructed at the joint cost of the Great Western 
and Rhymney Railway Companies, Mr. Edward Wilson, 
of Westminster, and Mr. C. Lundie, of Cardiff, being the 
engineers. 

The Trades of South Wales.—Some good orders for iron 
have lately been placed, and in some branches of manu- 
facture at least there will be increased activity as the year 
goeson. Things are brightening somewhat in the tinplate 
trade also, but so far there is no material change to note. 


Plymouth a Mail Station.—Plymouth is asserting its 
true position as a t mail-packet station. The absorp- 
tion of the Eagle line of America steamers into the Ham- 
burg-American line reduced the number of home-bound 
Americdn steamers from two to one weekly. But the 
Hamburg-American Company’s West Indian steamers now 
call at Plymouth fortnightly ; and the Donald Currie’s 
Cape steamers, although still sailing from Dartmouth, have 
made Plymouth their homeward port. The Union ‘Com- 
pany’s fleet still call regularly, both outward and home- 
ward; and the French-Transatlantic Company’s American 
steamers have also commenced calling both outward and 
homeward fortnightly. The Royal Mail Steam Packet 
Company’s West India fleet as hitherto. Thus, 
eighteen homeward and five outward first-class mail steamers 
enter the Sound every month. There is reason to believe 
that the West India mail steamers would at once call at 
Plymouth, when outward bound, if the port charges were 
defrayed by the Post-Office. An impetus will be given to 
= rt, as a location for mail steamers, when a new pier 

e western side of Millbay is completed. Dredging in 
connexon 30 and OOOft. long respectively, and alongside 
are to be 7. long 
the whole length there will be 24 ft. of waver at the lowest 
spring tides 


Milford Haven Shipbuilding and ae mat Compa recounts 
officials, 
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Gastating Sundays), and had run 58,870 miles. Up to the | Cylinders—continued : ft. Weight of engine (empty) : tons cwt. 
¢ last account we ye): received dated the 24th ult. this en- Lead of valves 9 - 0 niedne sheds sy ee = a “4 2 
gine had run 64,414 miles, and was still in good order and Diameter of steam pipes (two) 0 oo GrEvENG © ry) 4. Oe Hearth Pad te 
at work, Up to the present time eighteen of these engines | Working Gear : ” ” : ~- a ate Er eo 
have been built, arid we believe that none of them have yet Diameter of — rods 0 Totalweight empty .. 34 7 
been into the shops for repairs, except two, which were = 0 
injured in collisions. Of the eighteen engines four were Length of crosshead blocks 0 NOTES FROM THE SOUTH-WEST. 
placed on the line in December, 1873, ten during 1874, and Width 0 Cardiff and New York.—Negotiations are in - 
b ainder during the first five months of 1875, and up Length of connecting rods 6 be rful Li go and 
the rem Diameter of connecting rods at large end 0 tween a powe iverpool steamship 0 tion an 
to the end of July, 1875, the aggregate mileage run by the 0 the trustees of Lord Bute for the re-establishment of a 
whole was 604,083 miles, so that the type has been fully zs se bolts. (screwed steam shipping connexion between Cardiff and New York. 
tested. We may add that when at Brighton a few months on threads per inch) 0 The proposition | is to put on at once three steamers of the 
ago we were fayoured by Mr. Stroudley with a copy of the Diameter of wl ey gudgeons 0 company in question, which will make the passage in about 
records of the coal consumption of each of these eighteen Length of eccentric rods 4 14 days, and start regularly from each side of the Atlantic 
engines for every week during the first six months of last Travel of eccentrics ... 0 every fortnight. These steamers will not take passe: ? 
year, the average of the whole showing a consumption of Width . 0 but will be entirely devoted to the carrying of cargo. 
24.12 Ib. per mile daily. stated that the company does not seek any oA hag 
pe Wheels and Aales : further than some modification of the dock dues. 
Referring to our cmutde it will be seen that the en- Diameter of coupled wheels 5 6 
gine has inside cylinders, and the leading and driving ws : 8 es ‘e. - The Welsh Coal Trade.—Of late the coal trade in the 
wheels coupled. The cylinders are 17 in. in diameter and Distance between centres of leading and Mountain Ash district po exhibited a mayeot improve. 
24 in. stroke, and the diameter of the coupled wheels being driving wheels = 7 7 At the ‘Sunes - dolly extent os —— —— 
2 + A or Spee of Gp cugine cement 00 aoe ——_ centres of driving and 7 5 double what it was a short time since. Atthe Navigation 
cx = x94 105.09 Ib., or, say, 105 Ib. for each Total wieeal hens 15 0 pit, of Messrs. Cory, Taylor, and Co., a few days ago, 
66 66 Distanes between tmsiine of leading tyres 4 5 1032 tons of coal were delivered at the top of the pit in one 
pound of effective pressure per square inch on the pistons. driving 4 ot day. For the last three or four years this amount has 
The trailing wheels are of a larger size than is usually m m4 = trailing 4 4 5k never been exceeded in any one day. At the Powell Duf- 
adopted for uncoupled wheels, namely, 4 ft. 6 in., and this Diameter of crank axle at centre 0 7 fryn colliery at , over 6000 tons of coal were 
is a good feature as it promotes the durability of "the tyres e A pins... 0 8 brought up a week or two ago. Taken altogether, the coal 
. and axle bearings, The chief proportions of the boiler are ~ “ ‘>  wheelseats... 0 8t trade in the Aberdare Valley has greatly improved. 
as follows: h * é i ive 08 Bristol and Exeter Railway.—Several changes have 
. ft Centres of 3 114 taken place in the management of the Bristol and Exeter 
Heating Surface: Tubes ie = fa “458 Section of crank arms, voutside 11 in x “i in. neal o semouiaes 73 its iy og the pee 
Firebox... ne i oo inside 11 in. X44 in. estern Company r. Grierson has become gen 
amen Diameter of leading and trailing axles at ° & mense™, . Pp : * Mr. Wall, resigned ; a Mr. he 
Total... . 948 centre continues to act as the company’s nt. r rell, o 
¥ — Diameter of leading and trailing axles at ; the Great Western staff, has been appointed sod | super- 
Firegrate 15.2 bearings 0 7 intendent of the Bristol and Exeter line, and Mr. Watson, 
Ratio of Peace area to total ‘heating Diameter of of leading and trailing axles at 0 & of the Bristol and Exeter staff, district superintendent. 
ace . : 62 wheel seats in the Forest of Dean.—The Miners’ Council in 
Ratio fire ato ares area to sectional aeei Length of bearings of beding axle . 33 De Dean Forest, have en from the masters 10 per cent. 
hrough tu traili ” This course has been taken contrary 
Ratio of te to sectional Centres of bearings . 3 114 = woe 
“ dite area - 08 31 Diameter daientms oh lb whetis 1 3h - - terms of the sliding scale arranged after the last 
ene . Thick . ” 7 
Of the constructive features of the boiler we shall speak a oa mess 7% Bristol Tramways.—Contracts for the rails and chairs 
hereafter, when describing the other details. J  Distan sebene 4k required for an extension of the Bristol tramways have been 
As will be seen from our engraving, the engine has Thi ont t 0 completed, the prices being 71. per ton for rails delivered, 
inside frames only, these frames being well stayed trans- Least depth - 1 and 61. 5s. per ton for patent chairs. 
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nega C.B., Director-in-Chief of Architectural Works ; 
Mr. F. K. Barnes, Chief Inspector of Her Majesty’s 
Dockyards ; Captain Hamilton, Superintendent of Pem- 
broke Dockyard ; and Mr. F. Martin, Chief Constructor of 
Pembroke Yard. Mr. Sinnette, in the absence of Mr. L. 
B. Wells, conducted the visitors over the establishment. 
The slipways and furnaces, where the bending of large 
tranverse frames was proceeding for a new war vessel, 
appeared to interest the party. 


Great Western Extensions.—It is: definitely announced 
that the Great Western extension from Monmouth to Cole- 
ford will be commenced in March. The line will follow, as 
closely as possible, the track of an old tramway. 


Landore Steel Works.—A dispute between the employed 
and the proprietors of the Landore Steel Works has happily 
terminated. It is reported that an adjustment has te 
made which is satisfactory to employers and employed. The 
men have recommenced working. 


ei fowk | Coal and Iron from Cardiff —The total ex- 
ports of from Cardiff during 1875 amounted to 2,802,750 
tons. As compared with the quantity exported to foreign 
ports during 1874, the amount is about 100,000 tons in ex- 
cess, and the exports for 1874 exceeded by about the same 
quantity those for 1873. The average value of the coal 
expo to foreign ports during 1875 is returned as 13s. 6d. 

r ton, for 1874 the yalue was returned at 18s. 6d. per ton. 
he  geonlits of iron exported from Cardiff to foreign ports 
in 1875 amounted to 67,000 tons, and pon pantie of patent 
fuel to 93,964 tons. The quantity of exported coast- 
wise from Cardiff during 1875 amounted to 733,269 tons, 
an excess of about 50,000 tons on the coastwise exports of 
1874. ‘The year’s export coal business shows an excess of 
about 150,000 tons, and a falling off in money value to a 
very large amount. ; 

Wages at Blaenavon.—A meeting of ironworkers held at 
Blaenavon has determined to resist a reduction sought to 
be imposed in wages. A deputation of the men met the 
ma: , and haying ascertained the extent of the proposed 
reduction, which varied from 12$ to 25 percent. in the 
several departments, returned to the meeting, when a re- 
solution was passed that the proposed reductions be not 
accepted on any. consideration, unless the men of other 
works agreed to similar reductions. Another proposition 
was adopted appealing to the manager to settle the matter 
by arbitration. 


Torquay.—Torquay has within the last few years spent 
about 50,0007. in street and road improvements, and 
70,0001, in water works, and has now embarked in a further 
outlay of 50,0007., on a similar plan to that adopted at 
Brighton, for carrying the sewerage outfall two miles 
further from the town. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—The hopeful oeing me. 
ing the prospects of the pig-iron trade which was developed 
last month, together with the favourable nature of the 
annual statistics, continues to impart a very firm tone to 
the market. On Tuesday the opening price for warrants 
was 66s., and numerous transactions took place up to 
66s. 6d. and down again to 66s. 14d., closing with buyers at 
66s. 14d. cash and 66s, 4$d. one month, sellers asking 
66s. 3d. cash and 66s. 6d.onemonth. ‘The warrant market 
was very-flat this forenoon, a decided reaction having set 
in upon the excessive speculation which animated the 
market during the past few days. From 66s. 1}d. one 
month open the market receded to 65s. 7}d. same terms, 
closi 65s. 6d. cash, buyers 3d. per ton less—a fall 
of quite Is. per ton since yesterday afternoon. Prices 
underwent no material c e this afternoon. The shipping 
demand is necessarily restricted at this season of the year, 


but consumers are generally well employed, and tors 
are more ye nie to hold stock than they have for 
some time. e shipments for the last two weeks amounted 


to 12,857 tons as against 10,200 tons in the ding 
fortnight of last year. Last week’s imports from Middles- 
broug: emotiiael to 3490 tons, the increase since Christ- 
mas being 4445 tons. 


The Malleable Iron Trade.—Report speaks very favour- 
ably of the finished iron trade, especially in connexion with 
several of the works. The Clydesdale Iron Works and 
Mossend Works, near Holytown, are very full of orders. 
Some orders have been taken at 7s. 6d. ton below the 
list quotations, and shipbuilding plates from England are 
to be had at,10s. per ton below rates asked for Scotch 
plates. 

New Iron Shipbuilding Firm at Montrose.—The new 
iron shipbuilding firm of mont —_ ot ee have 
commenced active preparatory operations in the large yard 
belonging to Mr. Toorek Birnie, Montrose, leased for ten 
years by the company. The steam hammer and boiler re- 

nir ve ‘atrived, and workmen are busily in 
their erection. ‘The company have received orders for two 
vessels—the one a schooner, and the other a steamer 
about 300 tons. The keel of the schooner will be laid so 
soon as the frames arrive from Newcastle, and a large 
number of workmen are expected in Montrose in about ‘a 
fortnight hence. 

The late Mr. James Stitling, C.E.—The Scotsman an- 
nounces the death at the age of 75 years, after a somewhat 

rotracted illness, of Mr. James Stirling, C.E., a well- 


own citizen of burgh, of nearly thirty - 
ing. Mr. Stirling, who was a native of Perthshire, oe 
nally studied’ in’ gow and ‘Universities for 


the Church ; but he early directed his attention to me- 
chanical engineering. In this line he served ——— 
ship with Messrs. Claude Girdwood and Co., of Glasgow, 
ont was eggs eye | 

at Deanston, when t 


engaged for some years as engineer 
ose well-known wor! 


were conducted 





of | Parkgate, and 


by the late Mr. James Smith; he there materially assisted 
in the construction of the famous salmon-ladder on the river 
Teith. He afterwards became engineer, and latterly 
manager of the Dundee Foundry, where he constructed for 
the Swedish Government a steamer, which he himself took 
out and delivered in Sweden. Mr. Stirling long occupied 
himself with the improvement and practical working of the 
air engine, on the principle long subsequently adopted by 
Mr. Ericsson. Mr. Stirling was brother-in-law to Mr. 
James Leslie, C.E., the well-known water engineer formerly 
of Dundee, but for many years resident in Edinburgh, 
like the deceased gentleman. 
Highland Railway Carri 
d Railway have recen 


es.—The directors of the 
decided to effect several 


other improvements which will doubtless be tly appre- 
ciated by the public. In the h third-class 
between Wick and Perth, the itions are to be carried 


up to the roof, and nets will be provided in all the compart- 
ments for smail parcels and articles of Ingeage. The second- 

through carriages are to be pr with mats, and 
the first-class carriages, on the ‘night trains, are to have 
the arms made movable to admit of passengers sleeping 
with facility and comfort. The question of furnishing the 
through third-class carriages with cushions is also under 
0} tion, and it is probable that Pullman’s drawing- 
room cars will be run on the line during the next tourist 
season. 


The Pipe-Fownding Trade.—The pipe-founding trade is 
generally pretty busy in the Glasgow district, several of 
the firms have good contracts in hand. There are two con- 
tracts in the market this week. One of them is for 2620 
tons of pipes Me by 4 from 42 in. to 12in. in diameter. 
They are wanted by the Glasgow Corporation Water Com- 
mittee for the new river sui works required by the 
manufacturing and other firms in the east and south-east 
of the city who have hitherto drawn their main supplies of 
water from the Clyde direct. The removal of the weir near 
the Albert Bridge will ina great measure cut off the means 
of supply, and hence the Water Committee have to provide 
a supply froma higher level, which is to be sold to the con- 
sumers at a very moderate rate as provided for by Act of 
Parliament. 


Dunfermline Sewage Works.—Mr. Stewart, C.E., Edin- 
burgh, has estimated the cost of constructing the works 
required for the conveyance of the — of Dunfermline 
to a sea at bier oo fe of what may have 7 » 

as compensationand for enginee expenses. e 
Town Council of Dunfermline have saanotiagly resolved to 
borrow from the Public Works Loan Commissioners the 
sum of 10,0001. 


Drainage at- Paisley.—The Police Commissioners of 

Paisley have requested Messrs. Leslie, Edinburgh, to pre- 

a report upon the drainage plans devised by the late 

ir Patterson, and to furnish a probable estimate of the 
cost. 

Steam Fire Engine for Paisley.—At their meeting on 
Monday evening, the Police Commissioners of Paisley had 
under di ion the propriety of getting one of on, 
Shand, and Co.’s steam fire engines. The decision upon 
the question was deferred till next meeting. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
(FRoM OUR OWN CORRESPONDENT.) 

The Ambergate Patent Railway Wheel Company 
(Limited).—A meeting of the shareholders of this company, 
which has a capital of 30,000/., was held at Ambergate on 
Monday, and after a di ion of some hours’ duration 
it was determined to wind up the company in liquidation, 
the liabilities being too heavy to allow of the concern being 
carried on profitably. 

The Swaithe Main Colliery Ewplosion.—It is now 
definitely ascertained that the number of lives lost by the 
terrible explosion at the above colliery on December 6th 
was 148. All the bodies have now been recovered and pre- 
parations are being made to get the pit at work in next 
week. The adjourned inquest recommences at Barnsley 
to-morrow. 


More Tramways Proposed for Shefield.—Mr. Kincaid, 
engineer of the Sheffield Tramways Company, has submitted 
a long report to the Town Council urging the construction 
of ¢ further five miles of tram lines to Heeley, Nether Edge, 
and Owlerton. The cost of the proposed new lines, ex- 
elusive of any paving, would be 18,2001. The lines already 
in operation are steadily paying good interest on their first 
cost. 

The Stanhope Silkstone Colli Company, Limited.— 
This new company is in course of formation for the purpose 
of wre yf rge coalfield, leased for 44 years, on the 
estate of Mr. W. 8. Stanhope, M.P., at Barnby Hall, near 
Barnsley. There are about 550 acres in the coal area, 
which includes the Thorneliffe, Pilley, Fourfeet, Flockton, 

te Silkstone seams. ‘Two shafts will be sunk, 
each of about 15 ft. in diameter, and of the of about 
152 yards. An adit will be made available at once, so 
as to at the Hlockton and Say seed a \ Sage Bo 
it is completed output is expe reach close 
Sle tons per day. There are cight million tons of 
coal*in the area leased. The’ capital of the company is 
50,0001. in 101. shares. 

The Miners’ Co-operative Colliery at Shirland.—The 
Shirland Colliery, Derbyshire, which was acquired some 
time ago by the executive of the South Yorkshire Miners’ 
Association for 70,0001., is now said to be paying. Mr. 
Philip Casey, lately one of the association secretaries, is the 
commercial manager. The weekly output is now said to be 
2500 tons; and between 300 and 400 men are employed. 





The late Mr. John Normansell, Miners’ Secretary.—The 





Council of the South Yorkshire Miners’ Association has 


voted 10001. to the widow and children of the late John 
Normansell, founder and up to his death secretary of the 
South Yorkshire Miners’ Associa‘ 


tion. Many votes of con- 
dolence have also ‘Tae by fer a= a bodies. 
Deceased was very highly respected both by the employers 
and men. There about twenty candidates for the vacant 
secretaryship. ; 

The Barrow Steel Company’s New Collieries.—There 
were considerable rejoicings on Monday at Worsboro’ in 
connexion with the successful sinking of the Barrow Steel 
Company’s new pits. Three shafts, each 15 ft. in diameter, 
have been driven to Ny wp yards to the Silkstone 
seam, passing through the Barnsley bed at a much less 
depth. Messrs. Kell were the engineers of the undertaking. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
Quarterly Meeting of the North of England ren 
ee eee there was a numerous attendance on 
*Change at Middlesbrough, but there were not so many 
eople present as there usually is at the quarterly meeting. 
essrs. Crossley, Ingham, and Co. showed several of 
Crossley, Hanson, and Hicks’ patent enamelled water 
gauge glasses for steam boilers and a model of Orossley’s 
patent hot blast stove, which is so constructed that the gases 
which escape unutilised at a very high temperature, and in 
many cases in the actual process of combustion in the 
ordinary cast-iron stove, are made to into an upper 
chamber above the ordinary stove and there used for the 
purpose of — heating the blast. The market 
was a little er, No. 3 Cleveland pig being quoted 53s. 
per ton. There was, however, comparatively a small 

amount of business done. 


The Ironmasters’ Returns.—According to the Cleveland 
ironmasters’ returns there are 159 blast furnaces in the 
North of England, 116 of which are in operation. There are 
six new furnaces in course of erection, most of which are in 
the ee district. ing the month of Decem- 
ber the total e of Cleveland pig iron was 171,870 tons, 
an increase of 6317 tons com with the previous mionth. 
Makers’ stocks amount to 74,258 tons. In 1868 the total 
make of pig iron was 1,233,418 tons, and in 1875 it 
amounted to 2,047,763 tons. 


The Finished Iron Trade.—There is really no general 
improvement in the finished iron trade. Several works are 
still idle for want of orders, but it is hoped that. they will, 
in the course Of a week or two, be fully occupied. 


The Ironworkers’ Wages tion.—The Board of Ar- 
bitration for the North of land Iron Trade held a 
meeting at Darlington on Saturday, and the wages of the 
ironworkers were fully disc The arbitrators are to 
hold a meeting in London on Monday. If they cannot agree 
they will leave the matter in the hands of an umpire. 


The Erimus Iron Works.—The Erimus Iron Works, near 
Middlesbrough, have a desolate appearance. At the last 
meeting of the creditors of the company belonging to these 
works nothing definite was done, the meeting in fact sepa- 
rating in a disorderly manner. T'he works are idle, and when 
they may be provers | again it is difficult to’say. Puddling 
by machinery may be a commercial success, but these works 
which were established for the purpose of puddling iron by 
the — process have failed to accomplish that which was 
intended. 


The Coal and Coke Trades.—No material change is 
reported in the coal and coke trades. 








AmeERIcAN CoprrR.—An extensive deposit of copper ore 
has been found at Cornwall, Vermont, which is said to 
ield 90 per cent. of pure metal. Some 6000 tons of ore 
ve been shipped this year from copper mines in Colorado. 


TurxisH RatLways.—General Klapka has returned to 
Constantinople on a mission connected with the construc- 
tion of Turkish Railways. He is accompanied by Herr 
Stempf, director of one of the Austrian railways, and 
a ised authority in the application of modern technical 
inventions to military operations. Herr Stempf wishes, it 
is stated, to persuade the Turkish Minister for War to 
create a military railway battalion similar to the military 
railway battalion already existing in the German and 
Austrian armies. Herr Stempf contends that a body of 
men trained to destroy or reconstruct railways, and in- 
structed in all the details of railway work has become an 
almost indispensable part of every modern army. 

AnoTHER Great CanaL.—An American commission, 
appointed to investigate the merits of the various ship 
routes for connecting the Atlantic and the Pacific oceans 
by cutting through Central America, has completed its 
labours, and has présented its report to His Excellency the 
President of the United States. The Commission, after 
examining all the routes surveyed, unanimously recom- 
mends the Nicaraguan route as the most feasible and 

racticable. Upwards of 60,000 dols. have been expended 
by the United States on these my ie and the Commission 
considers it of high importance t the United States 
should act promptly in commencing a Nicaragua canal in 
order to prevent England or France from coming in and 
securing the honour and profit of the enterprise. The Com- 
mission believes that the construction of the canal would 
ultimately connect Asia and Western America with 
Europe, and would virtually revolutionise one-half the 
carrying trade of the world. The length of the proposed 
Nicaragua canal would be 181 miles, and the cost of the 
work is estimated by the Commission at 66,000,000 dols., or 





about 13,000,000/. All estimates upon the subject are 
probably, however, only vague. 
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NOTICES OF MEETINGS. 

THE INSTITUTION OF OIVIL ENGINEERS.—Tuesday, January 
18th, at 8 p.m. “The Ventilation and Working of Railway 
Tunnels,” by Gabriel James Morrison, M. Inst. C.E. 

THE METEOROLOGICAL SOCIETY.—On Wednesday, the 19th inst. 
at 7 pm. the Annual General Meeting of the Society will be held 
at the Institution of Civil Engineers, 25, Great 'ge-street, 
when the Report of the Council will be read, the President will 
deliver his Address, and the election of officers and council for the 
ensuing year will take place. 
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THE REDUCTION OF IRON ORES. 

For some little time past considerable attention 
has been directed towards the manufacture of 
wrought iron and steel direct from the ore, and it is 
believed by many metallurgists that this mode of 
manufacture will, eventually be carried out with 
satisfactory commercial results, notwithstanding 
the difficulties which have to be overcome, Under 
these circumstances it may not be without interest 
if we review some of the efforts which have been 
made in this direction, and show how in many cases 
modes of procedure have been proposed, forgotten, 
and re-invented. As is well known, the manufac- 
ture of wrought iron direct from the ore is the 
oldest of iron manufacturing processes. It was 
carried out by the ancient Celts in the lump or 
“wolf” furnaces, of which traces have been found 
in Central Europe ; it has been employed for cen- 
turies in B and India, and it is. still used in 
the last-mentioned countries, and in a few oat-of-the- 
way places in the Pyrenees and Southern Europe, 
where the Catalan forge is employed. One great 
objection to these older processes is the loss of iron 
which they involve, in the Catalan forge nearly 30 
per eent. of the iron which the ore contains being 
carried off in the slag. oa blast furnace 
the silica contained in the charge be fluxed by 
the addition of lime, but in the Catalan forge and 
its ee the temperature available is too low 
for the proper melting of earthy silicates, and hence 





the silica + has to be eliminated princi b 
an mdlare of some of ts inde. In tch fiegee 
the is not sufficiently fluid, small additions of 
powdered ore are made to it for the purpose of 
adding iron, and thus getting the necessary liquidity. 
The action of this , containing a ugly basic 
silicate, on the spongy masses of reduced metal, is 
to prevent the combination of carbon and the 
production of cast iron, while on the other hand 
when such slag comes into contact with molten cast 
iron, it acts upon the combined carbon of the latter, 
causing the production of carbonic oxide and 
metallic iron. Under the above-mentioned cir- 
cumstances a rich ore is evidently essential to the 
carrying out of these direct processes, We mention 
these ee because they have a bearing upon some 
of the later plans pro 

An examination of the records at the Patent 
Office shows that as long ago as 1736 the manufac- 
ture of wrought iron by a direct p in an open- 
air furnace, was made the subject of a patent. The 

tentee was Kingsmill Eyre, and his patent, which 
is No. 553 Old Law, indicates an advanced know- 
ledge as to the conditions to be satisfied, so much so 
that we quote his specification at length, verbatim 
et literatim.. He says: ‘‘ The ironstone or ore bein 
‘‘ calcined, and the coal charked, are pulverized al 
‘“* mixed together, and put into an air furnace, with 
‘“‘the additionall fluxes of lime and the ashes of 
‘“‘ fern, which thins the slagg, and causes a ready 
‘‘ separation of the metall when it begins to come 
‘“‘into the nature of iron. There is then added, 
‘“‘ according to the quality of the ironstone or ore 
‘¢ melted, whether red short or cold short, or the 
‘‘ sort of iron to be produced, a certain small 
‘¢ quantity of old rusty iron, called scraps, or bushel 
‘iron, or nut iron, or hammer slough, whereby 
‘¢ more metal is extracted out of the oar than it 
‘‘ yields without that addition. It expedites the 
‘¢ operation in the furnace, saves fuel, and meliorates 
‘“‘ the iron, bringing it to a greater degree of fineness 
‘¢ and softness than usuall.” Whether or not Eyre 
ever carried out his process in practice we have 
been unable to ascertain, but his specification reads 
as if he had had some practical experience with his 
mode of procedure, and it evinces, as we have said, 
omer Decl rt knowledge of the conditions to be ful- 
filled. 

A few years later—namely, in 1771—another 
patent for making wrought iron direct from the ore 
was taken by a John Cockshutt, who proposed to 
employa kind of finery fire for that p ; while, 
in 1791, Samuel Lucas patented a mode of makin 
steel direct from rich ores by mixing the latter wit 
carbonaceous substances—horn of bone dust—and 
heating the mixture in closed melting pots. Lucas 
states that four bushels of the cementing substances 
answer for a ton of ore, and that the result of the 
treatment is a mixture of metal and earthy matters, 
the greater part of the metal being converted into 
cast steel and being capable of being run into ingots, 
A few years later, namely, in 1800, David Mushet 
also patented the production of cast steel ‘‘ by the 
fusion of malleable iron or iron ore’’ in crucibles, 
mixed with carbonaceous matters and certain 
fluxes, and we believe that Mushet made some 
good steel from ores in this way. In 1819, too, 

ohn Thompson patented “ wherein 
the use of the blast and melting furnace is 
avoided,” the mode of treatment being to pul- 
verise the ore—by preference calcined—and then 
wash it to remove, as far as —s the earthy 
particles, the washed ore being subsequently 
mixed with lime, and, by preference, with about 
four or five per cent. of black oxide of manganese, 
The mixture was then to be placed in an air ace 
with alternate layers of coke or charcoal and stirred 
while melting. ompson seems to have contem- 
plated the reduction of the iron in the ore to cast 
iron and its subsequent puddling in the same 
furnace, and, so far, his process can perhaps 
scarcely be termed a direct one. 
in, Sanderson in 1838, Clay in 1840, Knowles 
in 1849 and again in 1852, Bellford in 1854, Chenot 
in 1856, and-Gurlt in the same year, all patented 
modes of obtaining wrought iron direct from the 
ore ; while, in 1855, Congreve patented the use of 
a rotating heating cylinder for deoxydising ores 
rior to their admission toa reverberatory furnace. 
William Neal Clay, whose patent of 1840 we have 
just mentioned, deserves special notice, as he not 
only patented his process, but made considerable 


progress in its practical development. His plan | tropo 





consisted in mixing rich or broken ore with 
and heating the mixture in a 


puddling furnace, pig or scrap iron being some- 
times added to the mixture when the latter was 
well heated. The process patented by Sir Francis 
Charles Knowles in 1852 is a similar one; fluxes, 
however, being added to the mixture, and the patent 
is chiefly noticeable for its defining the proportions 
of these fluxes to be used with different ores. About 
1856, too, the manufacture of iron by heating a 
mixture of ore and charcoal in vertical chambers of 
small section traversed by the products of combus- 
tion of a reverberatory furnace was carried out at 
the Ebbw Vale works, and we believe a good 
product was obtained. 
Within the last few years, several modes have 
roposed for producing wrought iron and 
from the ore by treating the latter in 
closed vessels, and it is noticeable that the leading 
features of many of the older plans have been re- 
vived with improved arrangements of furnates and 
mechanieal appliances, ese later plans have 
most of them Glen noticed from time to time in our 
ges, and it is unnecessary therefore that we should 
escribe them, but we may remark that although 
some highly promising results have been attain 
none of the F prcaeconse en yet be said to have reached 
the stage of commercial success, At the present 
time Blair inthe United States, and Siemens and 
Crampton in this country, are giving special atten- 
tion to the subject, the first mentioned having in 
view the production of an iron sponge, and the two 
latter the reduction of the metal as a pasty mass 
which can be treated under the hammer, Dr. 
Siemens especially has devoted great attention to 
the perfecting of a direct process, and the opinion, 
which we believe he holds, that the process will 
ultimately be found the best and cheapest for making 
steel, is entitled to much respect. Both Dr. Siemens 
and Mr. Crampton employ revolving furnaces, the 
former using gas and the latter powdered coal as 
fuel, and as each is capable of readily controlling 
the quality of the flame as well as the temperature, 
they have a great ee not , d— arog al 
events possessed in a very imperfect degree—by the 
older Ry eer sara hand-fired furnaces, 
One difficulty to be dealt with in carrying out 
~ a of the ore in pie hve is th 
eeping of these furnaces in sufficiently good repair 
to tear continuous working. The dust produced 
in the operation has of course a tendency to clog 


been 
steel di 


the a greet and if uent stop occur com- 
me’ failure must be the result, however good the 
quality of the product may be. The blast furnace 


on the other hand is an appliance which has been 
well tested, and which is not subject to sudden de- 
rangement, while it possesses the immense ad- 
van of dealing with quantities of materials 
and of getting rid of the in a very convenient 
manner; and although the cost of blast fur- 
naces and their accessories, with the equivalent 
number of puddling furnaces is considerable, it is 
questionable whether it is as great as that of fur- 
naces for turning out the same quantity of product 
by the direct process. ing these remarks we 
have no desire to dis the direct process, but 
only to direct the attention of those who are work. 
ing in this direction to the great necessity of pro- 
ducing arrangements which will not only effectivel 
reduce the ore but will stand continuous work wit 
moderate wear and tear. It is undeniable that Dr. 
Siemens by his gas —— and Mr. Crampton byhis 
system of burning coal-dust, are placed in possession 
of facilities which are calculated to have a most im- 
portant influence in the successful solving of the 
direct reduction question, as there are few processes 
in which the control of the temperature and the 

uality of the flame are of more importance; and 
this being so the investigations which these experi- 
menters are carrying out will be watched with great 
interest. We may add, in conclusion, that what- 
ever doubts may exist as the ultimate 
commercial success of any of the direct processes 
hitherto proposed when worked on a large scale, 
there are certainly circumstances where they may 
in all probability be D ige to the production in 
moderate quantities of a high-class material, any in- 
terruptions in the working being in such cases of 
minor importance. 





WATER SUPPLY IN 1875. 
THe question of water supply received much 
attention during a year. far as the me- 
lis was concerned some attempts were made to 





bring before Parliament the amount of water-rate 
charged by various companies, by means of a private 
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Bill, which met with an untimely end. The great 
point of discussion was the charge made by the com- 
panies dependent on the increase or decrease 
the property valuation, as the metropolitan com- 
panies have the right to make theif water-rate 
according to such valuation. This was discussed in 
both Houses of Parliament, but without result. At 
the usual period, however, of giving Parliamentary 
notices, the Metropolitan Board of Works gave 
notice of a Bill to be introduced during the session 
of 1876 for the purpose of mig, the Rates or 
Rents of the Metropolitan Water Companies, and 
the mode of assessing such rates or rents; and also 
to amend the Acts of 1852 and 1871, in regard to 
the Metropolitan water companies, In this notice 
the following companies suppplying the metropolis 
will be affected, viz., the New River, East London, 
Southwark and Vauxhall, West Middlesex, Lambeth, 
Chelsea, Grand Junction, and the Kent Water Works 
Companies, 

Should this measure have its full success in the 
ensuing session many of the defects of the present 
ee water supply would be remedied. In the 
first place, the basis on which the present rates are 
founded would be altered, so that actual consumption 
would be charged for in placeof an estimated one. For 
this purpose it is proposed that the supply should 
be charged by tneter measurement, instead of by the 
arbitrary plan at present in operation, Generally 
the object of the intended measure would be to 
amend, in respect to charge and daily constant 
supply, all the arrangements now adopted by the 
companies, both in respect to the area under the 
government of the City Corporation and of the Me- 
tropolitan Board of Works. The usual provisions 
are named to extinguish, alter, &c., existing rights 
and powers, 

In respect to various large provincial towns in 
England there were several Bills introduced during 
the session of 1875, intended to empower corpora- 
tions to purchase water works from private com- 

ies, and others will be prosecuted during the 
session of 1876. Generally speaking the feeling of 
ratepayers in the abbey is that of getting the pro- 
prietorship of both water and gas supply into their 
own hands, and of thus getting rid of the monopoly;of 
supply now held by private companies. The proper 
result of this course of action should be that of 
decided economy, but the actual result may be the 
reverse. All of course will depend on due care and 
ment, for which, however, the ratepayers 
will, in the event, become responsible. There is 
one point of great importance in such arrangements, 
namely, that whether profit or loss be made by the 
purchase of either water or gas interests, by corpo- 
rations from private companies, the accounts should 
be so kept as to confine them entirely within the 
strict limits of the purchase. In other words, an 
excess or deficiency arising from the cost of water or 
gas supply should not be allowed to merge in the 
general rates of the borough, for if such were per- 
mitted the benefits of an improved supply of either 
would be rendered of no value. 

So far for legislation ; in regard to the past and 
future of water supply, we turn to the facts of the 
case, Whatever may be said to the contrary, it 
must be admitted that, with but few exceptions, 
the water supply of the United Kingdom in regard 
to large towns, and even villages, is at present 
lamentably deficient in regard to both quality and 
quantity. 

Commencing with the metropo'is, and referring to 
the periodical reports of Major Bolton, we find that 
during 1875 the quantity was in some districts 
seriously deficient, more especially in crowded dis- 
tricts. Of course we omit any notice of some sensa- 
tional reports which appe: during the year. In 
regard to quality, chemical analysis showed that 
frequently inorganic and organic matter was large 
in quantity in nearly all the supplies of the metro- 
politan companies, that of the Kent being the largest 
in respect to ey ory and the least in organic 
matter, from the fact that the suppl in this case 
is derived from the chalk in Kent. With respect 
t> water of the companies getting their supply 
from the Thames above Hampton, as a rule living 
organisms, both vegetable and animal, were present, 
almost throughout the year, sometimes even to 
a dangerous extent, especially in regard to sewage 
contamination, In the 
servancy to which we all 
was stated that the latter 
toa minimum. This may be true, but whatever 
steps may have been taken to reduce the special 
cause of contamination, they becomé of no ayail when 











floods occur, such as were experienced towards the 
elose of 1875. The whole, valley of the Thames 


of | above Hampton, wheresome of the most important 


companies get their supply for the metropolis, was 
simply converted into an immense lake, Hence 
daring November and December, the inhabitants 
of South London and a portion of the West-end 
had the inestimable privilege of drinking a solution 
of some thousands of tons of manure that had 
been spread on the land for agricultural purposes, 
such solution having been only partially modified 
in its chemical character by filtration in the beds 
of the companies supplying Lambeth, Southwark, 
and adjacent districts. 

While speaking of the impurities of water, we 
may briefly glance at the uncertain state in which 
we are placed by the deficiency of our powers of 
accurate chemical analysis in regard to the amount 
and influence of organic matter as affecting health. 
Whatever pretensions have been put forth, it is 
evident to all acquainted with the subject, that we 
are yet incapable of estimating properly the actual 
sanitary dangers arising from the use of water for 
domestic purposes charged with either undecomposed 
animal or vegetable refuse. Consequently various 
standards of purity have been established, but in 
every case such standards have been failures 
through either being too high to make them practical 
or too low when taken in respect to sanitary re- 
quirements. This is a very serious matter, for if in 
future the value of a water supply must be esti- 
mated by the uncertain methods of organic analyses 
hitherto adopted, both engineering and chemical 
science ‘may be, at fault. Even ix regard to in- 
organic analysis, which can be made almost equal to 
theoretical precision, we fall on to another horn of 
a dilemma, for at present we are not quite certain 
as to what amount or character of inorganic matter 
should or should not be present in drinking water, 
having respect to the physical requirements of man. 
This question was frequently discussed during 1875, 
but as yet only a general idea of the necessities of 
the case has been arrived at. It is by no means 
impossible that a supply of water free from organic 
matter might by its inorganic constituents intro- 
duce new sources of danger to humanity. Hence 
some of the schemes now proposed for an improved 
water supply might increase rather than diminish 
the general evils now existing. 

In the two preceding volumes,we have referred to 
the water supply of various towns in regard to 
quantity; a reference to the index of each will be 
sufficient to guide the reader with respect to details, 
The most, important points that arise are whether 
the constant or the intermittent system best serves 
at once economical and sanitary purposes. It had 
been supposed that the constant supply was con- 
comitant with a diminished one, but that idea is 
entirely fallacious. Provided all connexions are 
thoroughly tight, preventing at the same time the in- 
gress of sewage matter and the escape of water, to- 
gether with the loss of the latter by waste in the 
household, the constant plan isin every respect to be 
preferred. Of course the economy of such a supply 
will depend on the accuracy of the fittings, and 
this necessarily involves periodical inspection on 
the part of the water companies. In a sanitary point 
of view the constant system has many eareenees 
for it does away with cisterns, butts, and other 
receptacles, It also admits of hydrants being placed 
in localities where hitherto the intermittent supply 
has been entirely inefficient. A serious question 
involved is that of providing water in case of fire, 
The present intermittent system, with few excep- 
tions, leaves the supply of water in such cases to 
the chapter of neitieehe, and we may have yet to 
learn from bitter experience what the result of a 
large fire breaking out—say, in Fleet-street—would 
result in, In Liverpool, Mr. Deacon, the borough 
engineer, has arrived at some remarkable results, 
Some of these we have already noticed, especially 
at p. 462 in our last volume. But we have just 
received the last report of that gentleman. From 
this it appears that the result he promised two years 
ago has been accomplished. On December sist of 
last year the constant service was restored through- 
out Liverpool, and the daily consumption per head, 
exclusive of water sold by meter, is now reduced 
below 21 gallons per r day, equivalent to 
about 19 gallons per head daily for domestic use. 
This is certainly a wonderful result, when it is re. 
pemherwe that the whole has been aggomplished 
without entering any premises except those in or 
under wih ‘oaate been detected by external 


scribed in ENGINEERING, as invented by Mr. Deacon. 
But more than this has been accomplished, It 
appears that the water supply has been removed 
from 10,000 houses, situated in courts, to more 
accessible positions, thus rendering it possible to 
remove also the defective drains from beneath those 
houses, and consequently giving the double benefit 
of a constant water supply and a better system of 
sewerage. 

It is evident, therefore, that the constant system 
has great advantages. In the report of Captain 
Shaw, the superintendent of the London Fire 
Brigade, it is stated that during the year 1875 the 
engines of the Metropolitan Board had traversed 
18,710 miles, and pumped over ]0,502,000 gallons 
of water, but by the constant system this labour 
might have been much lessened, and not only could 
an efticient domestic supply be thus kept up, but 
also such a constant pressure as to be sufficient, 
to provide water in the emergency of a fire that 
would successfully anticipate all the efforts of the 
fire-engine staff in any large town. 

The consumption per head of the population 
throughout the kingdom showed some singular 
anomalies in 1875 and preceding years. For all 
eee purposes it may be stated that the average 

aily consumption in London is about 30 gallons per 
head, while in Glasgow it exceeded 50 gallons. 
Leeds, Liverpool, and Manchester held about an 
intermediate position. Now, as Mr. Deacon has 
shown that the consumption per head per day can 
be reduced to 20 gallons, the loss of coals, labour, 
&c., for pumping the surplus must be enormous. 
Twenty gallons per head may therefore be con- 
sidered sufficient for all domestic purposes daily. 
This is, therefore, a sufficient answer to all the 
complaints of a deficiency of water supply. 
We have not the least doubt that in some parts 
of London the present supply exceeds consider- 
ably 50 gallons per head daily; in fact, we have 
before us a case in which the consumption of a 
number of houses is in excess of thisamount. Add- 
ing to this the leakage in defective fittings, which 
some of the companies never trouble to look after, 
it is evident that while a great outcry is made 
against the charge of the water companies, the 
cause of the cost lays equally at the door of the 
supplier andthe consumer. Due care and manage- 
ment are equally forgotten by both parties, 

One beneficial result which will arise from the 
legislation of 1875 will be due to the additional 
powers afforded for closing up both private and 
public wells hitherto resorted to for the purposes 
of water supply. In London alone there existed in 
the past year a large number of wells absolutely. 
unfit asa supply of water for domestic purposes. 
Most were adjacent to old churchyards. The de- 
composition of the animal matter derived therefrom 
produced nitrates, which per se gave a refreshing 
taste to the water. But with these was the balance 
of undecomposed animal matter that was absolutely 
dangerous, The most striking instance of the 
danger of such wells formerly existed in Paris, the 
majority of wells there being sunk into {beds re- 
ceiving their supply of water by filtration through a 

orous soil saturated with decayed human remains. 
n many of the provincial towns of England these 
abominations still exist. It will be for the local au- 
thorities of such districts to put the New Public 
Health Act into early operation to arrest the evils 
that must necessarily result from such sources. 

An important report appeared during 1875 from 
the Rivers Pollution Commission. ll their pre- 
ceding reports referred to the cause of river pollu- 
tion, excluding the question of water su ply. But 
in the report just named they took up matter, 
entering into an exhaustive examination of the 
supply of water for domestic purposes, In our last 
volume we gave a précis of thisreport. It is divided 
into the consideration of the chemical examination 
ef drinking water, the chemical classification, &c., 
of water generally used in Great Britain for do- 
mestic purposes, a discussion on the supposed self- 
purification of water by oxidation after sewage 
contamination, the softening of hard water, and, 
lastly, on the general question of water supply. 
We have not space to examine all the important 
points of this report, but we venture to say that it 
onpeere all but complete in its details. 

é have thus briefly drawn attention to some 
of the chief points involved in the question of 
water supply of the kingdom during 1875. It, 
will be our duty during the coming session of 
Parliament to discuss the subject in detail, Mean- 








means, through the detective meter already de- 


while, the facts, &c., to which we have here 
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called attention will possibly afford the reader a 
synopsis of most of the requirements which should 
be provided for by future legislation. 


THE PHILADELPHIA EXHIBITION. 

A CIRCULAR, conceived in a sanguine spirit, has 
just been issued by the British Commission to the 
Centennial Exhibition at Philadelphia, calling atten- 
tion to the admirable display in arts and manufac- 
tures which this country will make during the pre- 
sent year in America, The Joint Commissioners 
assure the public “‘ that a full representative display 
of the various classes of machinery may be con- 
fidently looked for,” and they refer the reader to 
the list of exhibitors published in the London Gazette 
on the 3rd of last December. We have already 
commented on this list (see page 460 of our last 
volume), and our conclusions based on the informa- 
tion it afforded were diametrically opposed to the 
assurances of the Joint Commissioners. Only about 
a score of exhibitors of machinery appear, and a 
number of these have entered comparatively trifling 
objects. Messrs. Appleby Brothers and Messrs. 
Aveling and Porter head the list with cranes and 
traction engines, which they send apparently more 
for the purpose of aiding the British Commission 
than for exhibition. Agricultural exhibits will be 
entirely absent, and though the circular asserts that 
there will be a large and comprehensive gathering 
of textile machinery, we fail to deduce the fact from 
the catalogue. Equally machine tools appear to be 
conspicuous by their absence, although the Joint 
Commissioners state that ‘‘in machine tools we 
shall hold our own in quality, ingenuity, and work- 
manship even against our Pennsylvanian rivals,” a 
remark which proves that they are not as well posted 
on the subject as Joint Commissioners ought to be. 
The following extract from the circular will be read 
with curiosity if not with profit. 

‘*Tn the important branch of national industry, which is of 
itself a synopsis of our progress, Printing Presses, we shall 
muster several important exhibits, amongst others the 
English rival to Hoe’s machine. The collection of Stone 

essing Machines will be large, containing some novel 
features ; and the various processes of Sugar-making and 
Confectionery will be exemplified in the buildi Strange 
to say, Sewing Machines will be fully displayed, and that 
in the land which produced the Howe, the Singer, the 
Wheeler and Wilson, and the Wilcox and Gibbs. Armour 
plates may be looked upon as an English specialty, and in 
that section our display will be simply eativaliel. Much 
has been said with regard to prohibitive duties, but despite 
the fact that the freight, charges, and duties on the cranes 
and traction engines (of which we have already spoken, and 
which will be seen constantly at work) amount to fully two- 
thirds of their selling price in this country, our manufac- 
turers can maintain their position. 

‘*The collectionof Models, both Miscellaneous and Railway 
Engineering, is very complete, and last though not least, we 
may state we shall present a large collection of Fuel Econo- 

ers 





The Joint Commissioners also assure us_ that 
‘* Needles will be fully illustrated, no name of any 
eminence being absent from the list,” while the 
art of Printing, Paper-making, and kindred indus- 
tries will command a unique collection, and ‘ Fire- 
arms will almost catalogue the principal makers, 
and will form one of the leading features of the 
British Section.” ‘Turning to the end of the circular 
we find that the Joint Commissioners have arranged 
for the sale of the British catalogue within the 
Industrial Building. A large sale for this work is 
ae ‘as in addition to the mere details which 
ordinarily make up the bulk of publications of this 
nature, the present work, which will be in two por- 
tions, either of them to be had separately if de- 
sired, will contain a description and history of 
previous Exhibitions, a full commercial guide to 
exhibitors . . anda chromo-lithograph of the British 
Offices already spoken of.” We forgot to men- 
tion, by the way, that these buildings “have al- 
ready attracted much attention in the States as ad- 
mirable reproductions of old English architecture, 
recalling to the minds of travelled Americans, many 
quaint buildings in the Old Country.” To return to 
the attractions of the catalogue ;” the cover, instead 
of having the usual bald appearance, will be itself an 
attraction, a very handsome emblematic design in 
low tones having been prepared by the eminent firm 
of Messrs, Marcus Ward and Sons, who have engaged 
to supply gratuitously any number that may be re- 
quired, which public-spirited act has been specially 
acknowledged by the Lord President of the Council. 
It is not clear from the foregoing whether Messrs. 
Marcus Ward and Sons have engaged to supply 
gratuitously any number of covers, or designs, 
or “low tones,” that may be required, but what- 


will doubtless supply, will be simply a very practi- 
cal and profitable mode of exhibiting their work. 
The same remark applies to the manufacturers of 
various kinds who propose to furnish the British 
Commission offices, and who. have come forward 
‘‘ in the most handsome manner” with tables, chairs, 
carpets, china, and so forth, with a readiness ‘which 
has proved almost too much for Commissioners 
Archer and Sandford, who apparently mistake com- 
mercial instinct for patriotic feeling. 

Seriously, we ask, is this circular a sample of 
what we are to expect from the British Commission ; 
and are further official productions to be as wanting 
in appreciation, judgment, good taste, and good 
grammar? Allowance is to be made for the inex- 
perience of Commissioners Archer and Sandford in 
the duties they have assumed, and every excuse will 
have to be made for shortcomings in the working of 
the Commission, But at least we should be spared 
from becoming ridiculous, Had Mr, P, C.. Owen 
remained in office we should have felt secure in the 
eonviction that this country, however imperfectly 
represented it might be, would at least have held 
an important position at Philadelphia. Under existing 
circumstances, and judging from the Commissioners’ 
circular, to which we have referred, we fear that the 
prediction we made in our last article on this sub- 
ject will be fully realised. 








THE DRAINAGE OF LAKE FUCINO. 

In our last issue we published drawings and a 
description of a dredging machine employed in the 
drainage of the Lake Fucino. In the first volume 
of the magnificent work ‘ Nouvelle Geographie 
Universelle,” by Elisée Reclus, published a week or 
two since, we find some particulars of this lake, 
which will be read with interest. Lake Fucino, 
situated about 55 miles to the east and a little to 
the north of Rome, has an area of about 61.6 square 
miles, and an altitude above the sea of 2296 ft. At 
an early geological period its extent was nearly 
double, and its water overflowed towards the north- 
west, above the level of the Campi Palentini, 
and fell into the River Salto, and ultimately to the 
Tiber. But at a more recent epoch the water flow- 
ing into it diminished, and the only escape was by 
evaporation. According to the dryness or wetness 
of the season, the level of the lake receded or over- 
flowed, flooding the surrounding district, the dif- 
ference between high and low levels being at least 
52 ft.. The ancient towns of Marruvium and Penna 
were, it is said, destroyed by these inundations, The 
Romans, desiring to prevent such catastrophes and 
reclaim so large a tract of cultivable land, set them- 
selves to drain the lake, and they availed themselves 
of the stream Liri, an affluent of the Garigliano, to 
carry off the water of the lake. In the reign of 
the Emperor Claudius, 30,000 slaves were employed 
during eleven years to pierce a tunnel 18,500 ft. long 
through the Monte Salviano, which separates the lake 
from the valley of the Loire ; the section of the tunnel 
was, however, too small, and the drainage was only 
imperfectly effected. In the thirteenth century 
efforts were made to restore this tunnel, which had 
fallen into decay, and again in 1855, as we stated 
last week, and which has now been practically com- 
leted, thanks to the energy and capital of the 
rince Torlonia. The following is a comparison 
between the ancient tunnel and the new discharge 


channel : 
Ancient Tunnel. New Channel. 
Length ... ... 18,500 ft. 20,678 ft. 
Average cross section 106 sq. ft. 212 sq. ft. 
Cost 9,880,0001. 1,200,0001. 


With reference to the extremely small cost of 
dredging at the Lake Fucino—.81 pence per cubic 
yard of material lifted—we give below M. Brisse’s 
detailed figures by which he arrives at thissum, It 
will be noticed that the cost of labour is unusually 
low. 

The following is an abstract of the detailed cost 
of raising by the dredging machine an average of 
1330 eube yards of material per day of ten hours. 

8. 


Wood fuel for 40-horse power engine, 
fers 15.4 lb. per horse power per 
Lubrication, packing, waste, &c. oy 
Wages of eleven men, including two 
employed in adjusting the anchorages 
on the bai pe aa a 
Maintenance of machine 
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into wagons on the banks, the following data are 
given by M. Brisse : 


Fuel for 10-horse engine, burning 15,4 lb. 


of wood per horse power per hour 11.2 
Lubrication, pecking, wane Oe 1.0 
Wages of ten men... 18.0 

- Maintenance of plant ... 8.0 
Total cost per day ... ” 38.2 


or per cubic yard of material transported en = Sed. 


This gives a total cost of 1.15 pence per cubic 
yard for dredging, raising the excavation to a height 
of 29 ft. 6 in,, and depositing it on the banks, 
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Studi sul Miglioramento e sull Ampiamento del Porto de 
Genova. By F. Crocza and V. Cutavaccr. Rivista 
Marittima, November, 1875. 

Tuis is a report by a commission appointed to 
examine various projects for the enlargement of 
the harbour of Genoa It includes a tabular state- 
ment of the dimensions and results offered by 
the projects, of which there are, with modifi- 
cations, no less than twenty-two, a series of 
neatly executed plans showing their general designs, 
and a notice of each of them, as well as an 
account of the conditions and requirements of the 
case. At present the harbour consists of 122 hectares 
(302 acres) of total surface, withintwo nearly parallel 
moles, of which almost halfis exposed to the influence 
of the scirocco, or prevalent south-east wind ; its en- 
trance opens most unfortunately against this wind, 
and a littoral current, and is besides directed 
towards the mouth of the Bisagno, whose silt causes 
extensive shoaling. ‘lhe current setting in to the 
shore renders the entrance dangerous for sailing 
vessels; the extent of harbour is insufficient, 
and is sometimes in a very foetid condition. 

From a consideration of the local conditions the 
commission have determined that the works should 
be as concentrated as possible, that the additional 
harbour surface necessary is 130 hectares me acres), 
that this extent together with that already existing, 
must be completely protected from the prevalent 
south-east and south-west winds, and that there 
shall be only one entrance to the harbour, which 
must be sutliciently central in position, and ‘shall 
open to the west-north-west. 

These conditions, which appear absolutely ne- 
cessary, are suflicient to set aside two-thirds of 
the projects under consideration; in spite of this, ' 
however, the commission has entered carefully into 
each one them. Dividing them ‘into three groups, 
the first having their entrances opening eastward, 
the second westward, and the third having two en- 
trances, or consisting of detached breakwaters ;' 
those under the first and third headings are deemed 
defective from not affording sufficient protection and 
tranquility. In addition to this the commission also 
rejects the portion of various projects thatinvolves a 
detached harbour along the shore of 8. Pier: 
d’Arena, as not complying with the condition of 
concentration. ‘There remain, therefore, only six 
projects which, with various modifications of them, 
can be suited to the conditions of the case, and 
are hence favourably mentioned by the commission ; 
they are those of: 1, Descalzi; 2, Ratto; 3, Barret ; 
4, Argenti ; 5, a committee of naval captains; 6, 
Parodi. ‘The first of these was the original desi, 
of this type, being drawn up i+ 186] under 
joint superintendence of Descalzi, an engineer, and 
Molinari, a naval captain, It consists, firstly, in a 
prolongation of the existing outer mole for a length 
of 300 metres (984 ft.); and, secondly, of a new 
outer mole 1900 metres (6240 ft.) long, commencing 
at the battery of La Stella; its harbour entrance is 
840 metres (2756 ft.) wide between the extremity of 
this mole and the existing one ; it allows 152 hectares 
(375 acres) of additional harbour surface, besides 
thoroughly protecting the existing area, at a cost of 
718,152/., for external works, and could be com- 
pleted in about five and half years. The designs of 
Ratto, Barret, and Parodi constitute various im- 
provements on this type, the two former di g 
with the prolongation of the existing mole. That of 
Ratto furnishes 183 hectares (452 acres) of additional 
accommodation at a cost of 764,178/., or at the low 
rate of 4176/. per hectare, the economy being effected 
by the judicious alignment of the mole with regard to 
ee water: theobjectionsto this design consist 
in its harbour entrance not being sufficiently central, 
as it is close to the Capo di Faro, and that its ac- 














ever this may be, we fail to see wherein the act is 
public-spirited, as the admirable work these artists 





As to the cost of depositing the material excavated 


commodation is in excess of the requirements; both 
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SEPARATE CONDENSER AND AIR PUMP. 
CONSTRUCTED BY MESSRS. HATHORN, DAVIS, CAMPBELL, AND DAVEY, ENGINEERS, LEEDS. 


(For Description, see Page 37.) 


















































UNSONSS V/s SONS SISOS 
. 1th Gytte 





of these objections could, however, be easily re- 
moved by modification. The design of Barret pro- 
vides for 145 hectares (358 acres) at a cost of 
668,725/.; his internal arrangements of docks, 
based on his experience at Marseilles, are extremely 
good; but his narrowing the harbour entrance to 
only 150 metres (493 ft. > two short transverse 
moles is, in the opinion of the commission, unsuited 
to the local conditions, otherwise the design is con- 
sidered satisfactory ; it could be executed in four 
years and nine months, and the cost is small. In 
the design of Parodi the proposed outer mole com- 
mences at the right bank of the Bisagno, and includes 
an additional area of 169 hectares (418 acres) ; this 
is a bolder, and perhaps also a better design than 
any of the sonia g, costing little more than that of 
Descalzi, or only 772,628/. 

In consequence of these four projects all giving an 
extension of harbour rather in excess of the require- 
ments of Genoa, a committee of naval captains pro- 
posed a more economical modification of this type, 
which combines an arrangement that would con- 
veniently admit of further enlargement afterwards by 
constructing a portion of the — A entirely of artificial 
blocks that could be removed. 
tares b ne acres) by means of a mole, which together 
with the prolongation, as in the Descalzi project, has 
a length of 6200 ft., at a cost of only 559,292/., and 
can be completed in four and half years. It seems, 
therefore, most probable that this design for ex- 
ternal works will be adopted. 

The design of Argenti, including 260 hectares 
(642 acres), at a cost of 1,164,859/., is one entirely 
beyond the financial means at disposal, and even 
the modification of it, as 4,648/., is still too 
expensive. Apart from this difficulty, the commis- 
sion consider it the most preferable of all the 
designs. It involves the diversion of the Bisagno, 
the utilisation of a large area at its mouth, would 
save the Piacenza Railway the of a tunnel, 
about 40,000/., and wo aff extensive dock 
accommodation. The breakwater section, approved 
by the commission, as suited to the pro; mole, 
is one of random stone, faced with artificial blocks, 
having a top width of 23 metres (75 ft.), and side 
slopes of 1} to 1. The rates assumed for this work 
are for random stone 7 lire (5s. 10d.), and for 
blocks 25 lire (1/.) per cubic metre ; the cost of the 
mole per lineal foot will thus vary from 871i. to 
1092/. The time required is based on an assump- 
tion that the quarries can be made to yield 300, 
cubic metres annually. 


It encloses 126 hec- 











Studio sin Porti di Venezia e di a ia. GIOVANNI 
Antonio Romano. Milan 1875. 
Tue ancient harbour of Venice, which in times of 
former prosperity was a most important commercial 
port, has for the last century remained in an almost 
inaccessible condition ; all large vessels being com- 
lied to approach Venice by the neighbouring 
bour of occo and through several miles of 
maritime canal. The cause of this great national 
misfortune was the silting up of the old harbour 
and the formation of asandbar, which is still causing 
a steady diminution of the depth of the formerly 
nevigallle passage of the Foce 8. Nicolo. During 
the past century, many Italian and French engi- 
neers have proposed remedial measures but have 
never carrried out any works of improvement 
worthy of notice ; the most modern project devised 
since the cession of Venetia to Italy, being that of 
Mati and Contin. 

In the pamphlet before us, Signor Romano points 
out the extreme probability that tiie execution of 
the Mati-Contin project would be insufficient to 
secure a permanent improvement in the harbour, 
and demonstrates the necessity of modifying it by 
the application of the —— es of Cialdi, whose 
work, ‘* Del Mots ondoso del Mare,” Rome, 1866, 
attracted so"much attention at that time. Cialdi, 
one of the first Italians that arrived at a just com- 
prehension of the phenomena attending the forma- 
tion of harbour bars and the best mode of prevent- 
ing them, has had the truth of his principles practi- 

demonstrated by the works of Professor Moro, 
at Ostia ; it would hence appear highly unscientific 
and unwise not to profit iy tow experience in the 
construction of any new harbour in the present 


age. 
Romano, while noticing the deplorable results at 
Port Said and the warning] they offer, points to 
the neighbouring harbour of Shiapees as one 
existing under conditions very similar to those 
of Venice, and bases the greater part of his project 
for a harbour at the latter on the experience 
gained at the former, while at the same time he 
makes full use of the theory by Cialdi. 
Before entering into a descri of the works re- 
y oa Sy of the objects of the various parts fof 
the design, which occupy the latter half of the 
pamphlet, a large portion of the work is devoted to 
an examination of the causes of the formation of 
harbour bars generally, and of the local conditions 
of the coast line at Venice, its lagoons and mari- 
time canals, and its tides, winds, fluvial and maritime 


currents. These show that the essentials of any 
such design are, that the normal condition of the 
lagoons, and the periodic ebb and flow from them 
to the sea should not be interfered with ; that the 
full power of the ebb tide conjointly with the 
fluvial current should be utilised in scouring the 
whole length of the harbour; that the littoral 
marine current acting at a distance of five 
miles from the shore may be left out of considera- 
tion, while the marine current produced by the 
strongest and the most prevalent winds, both of 
which are from the north-eastern quarter, should be 
utilised in scouring across the harbour entrance ; 
and that the alignment of the piers should be 
suited to the set of the currents to and from the 
three porto-canali that debouch into the harbour. 
These points therefore are carefully kept in view 
in the design illustrated by the plans in the 
pamphlet. 

ere is, however, one matter that seems to have 
escaped notice, probably owing to its having also 
been neglected in the Mati-Contin project, namely, 
the inadvisability of giving a south-easterly poet 
to the harbour, and the probable advantage of turn- 
ing it more to the south. Meteorological records 
undoubtedly prove that the strongest and the most 
prevalent winds come from the north - eastern 
quarter, but they also show that the scirocco, 
or south-east wind, is also extremely preva- 
lent, so much so, indeed, that it has long been a 
popular belief that it is the most prevalent. The 
effect of such a wind acting unimpeded along the 
whole harbour up to Forte S. Erasmo cannot but 
restrain the scouring effect of the ebb tide, and at 
the same time be inconvenient to vessels leaving the 
port ; a slight inclination of the axis of the harbour 
more to the south, while somewhat modifying the 
design by placing the detached breakwater as a 
traverse to the unfavourable current produced by 
this wind, might mitigate an evil of no small im- 
portance. ith this solitary exception, the design 
of the author, as far as described, seems to leave 
nothing further to be desired for the harbour of 
Venice but its early execution. 

The design for the harbour of Chioggia is 
based on the same principles as that of Venice. The 
careful investigation of the causes of the deterio- 
ration of these two harbours, and of the means 
necessary for their maintenance in good order, 
renders the pamphlet of Signor Romano interesting 
not only to the scientific, but to all that wish to see 








Venice restored to its former commercial importance. 
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ion d 
during the daytime ; the stam , on the contrary, 
oF agen during the Pie. The different 
buildings were desi sufficiently to hold 
machines capable of dressing half as much ore again, 
i.e. 75,000 tons in a year, this being done partly 
that it might be possible in rainy weather to 
make up for any scarcity of water which might at 
other times occur, and partly to enable the produc- 
tion to be increased later on if desired. 

The construction of the works according to the 
above design was already considerably advanced, 
when in 1867 the greatly increased productiveness 
of the mines during the previous year, and the 
evident still further mapas, : it to ~ we 
necessary to augment, if possible, the capacity o 
the works threefold, thus rendering them capable of 
dressing 150,000 tons of ore yearly. In fact it ap- 
— possible to carry out this pro me by in- 

ucing day and night work in each and all of the 
buildings, and assisting the existing water power 
by steam. 

Accordingly for the stamps, which were originall 
only intended to be driven during the night with 
a rotary water engine with 96 ft. fall of water, the 
laying down of a steam engine was found necessary, 
and further in the building of an additional pair of 
coarse rolls (of which in the original project only 
two were contemplated), it was arranged to drive 
them by a steam engine, and it was considered desir. 
able to have the latter of sufficient power to be able to 
drive also the middle and fine rolls, and during re- 
pairs, or cessation owing to scarcity of water, the 
respectively upper and lower lying coarse and fine 
jigging houses, which are otherwise driven by tur- 

ines. 

It may be here remarked that according to the 
original plan the coarse grinding _, between the 
coarse ration department and the coarse jiggin 
house, waa to be fitted up with two sets of - 
each driven by a se te turbine, but when the 
works were extended it appeared judicious as a pre- 
caution > searcity of water, to lay down only 
one set of rolls in this building, and in a second 
building, for which there was room behind the coarse 
jigging house, to place two sets of rolls driven by 
steam power. 

Besides the already indicated extensions and 
alterations of the original plan, it was necessary to 
take into consideration the simplest and cheapest 
means of conveying the large quantities of ore, 
and the saving of labour during the operations 
pone those of the real dressing ; these matters 
ed to the laying down of a t for the trans- 
pe of the ores and of the ore crushing and sorting 

uildings, which will claim our first attention. 

The greater part of the works were constructed 
and brought into successful operation by Herr W. 
Riehn, formerly engineer of the Kéniglichen Ma- 
schinen Verwaltung, Clausthal, now head of the 
firm Riehn, Meinicke, and Wolf, civil engineers, 
Gorlitz, Prussia. In oa the works Herr 
Riehn assumed that the different machines should 
be capable of dealing with the following quantities 
of materials, and for the time that the machines 
have been in operation these assumptions have been 
satisfactorily fulfilled. 


Hundred-weights per hour. 
1. One stone crusher (Blake’s)... «.. 110 to 150 
Of these there are six. 
. One pair of coarse rolls ; ew» 110 to 140 
Of these there are three. 
8. One coarse jigging machine... .. 44to 50 
Of these there are thirteen. 
4 One set of two of fine crushing 
Sob hina been 0 60 
to «» 50to 
Fie Rdg sesgpembeny mm 
6 Can eo fanaa mae sl ow» 27 to 36 
Of these are twenty-four. 
Hundred-weights in 20 hours. 
6. One stamp mill consisting of ten 
wooden stamps with iron heads... 300 
These, of which there were eight, are 
now replaced by mills consisting of 
twenty-two ¢ t iron) 
cinmapa, chsh mil with ... 500 
The buddles, spitzkisten, frames, 
&e., in  y stamp house are 
6 Hundred-weights per hour. 
. Coe coarse separating apparatus, 
i.e, riddles .., eee ooo «. 70to1l0 
8. Gas tas Clic tenes 46 to 60 
apparatus to 
Of these there are two. 
The number of five rolls is bly somewhat too 


separation department, as well as the crushing by 
the rolls and the jigging, should only be performed 


works, but as there is at present a deficiency of 
winding power, and until the ‘‘ Kénigin Marien” shaft 
is finished ¢ they more than suffice for all the ore which 
can be at present raised. With t to the stamps, 
of which as yet only about two-thirds of the number 
are built, we may mention that rather more has been 
required of them than was anticipated, in conse- 
quence of less ore being passed on to the fine jigging 
machines than was ot intended, owing to 
the greater richness of the galena. 

In order to assist our readers more readily to 
follow the series of operations we are about to 
describe, we have drawn up the subjoined diagram, 
which shows the relation of the succession of opera- 


its deepest point be brought into communica- 
tion with the mines in the Clausthal district, by 
means of the Ernest August adit level, which was 
completed in 1864. ‘The ores are transported along 
the adit to the bottom of the shaft in boats. These 
boats have the shape in plan of a long rectangle 
26 ft. 6 in. by 4ft. 9in., witha triangle at each end, 

iving a total length of 34ft., they are 2 ft. 10 in. 

eep, and carry from 5 to 8-tons. A wire rope is 
stretched along the roof of the adit, by means of 
which the men pull the boats along. The question 
of the best mechanical means for moving the boats 
is still under consideration. The winding of the 
minerals in the shaft from-a depth of 180 lachters 
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tions to one another, though it must be clearly 
understood that these will always vary with the 
varying conditions of the ore and requirements of 
the works. 


CONVEYANCE OF THE OREs. 
After the above preliminary remarks we may, 
before commencing the description of the dressing 
works noe. say a few words concerning the con- 
veyance of the ores, referring at the same time to 
the perspective view of the works on page 30, and 


the — plan on 35. 
The conveyance of the ores from the mines lying 
fly in 
plan 


to the east of the works will take place chie 
{ aoe 35) which is still in course of sinking. 





ty of 


small for the maximum capabili 


the dressing 


the winding shaft marked a@ on the general 
shaft, which lies with its hang bank above 
the highest point of the dressing works, will at 





recevas 


Stuff’ Poorest Produce EnrichedProduce Stuff 


to 
receivers 
(about 1100 ft.) will be effected by a winding engine 
marked 4, in the general plan. 

Smaller quantities of ore obtained from the mine 
Alter Segen, which lies to the east of the works, are 
conveyed by means of a tramway. The ores from 
the mine Silber Segen, which lies to the south, are 
raised from a depth of 120 ft. by means of a smaller 
winding engine 6' in the same building, out of the 
small side shaft, which communicates with the mine 


by ee a! a oe m . 
e supplyin e works by winding in the 
chief shaft’ will be possible pom hed the te i year, 
when at its deepest point the shaft will be in com- 
munication with the mine Alter Segen. As yet 
transport takes from the two mines Alter 
Segen and Silber Segen in the manner above indi- 
cated. In our next article we shall commence our 
description of the ore-dressing machinery 
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DAVEY’S SEPARATE CONDENSER. 

THERE are not a few cases in which it is advantageous 
to have the means of working the pumps of‘an-engine in- 
dependently of the engine itself. In marine engines with 
surface condensers this is almost always the case with the 
circulating pump ; im ordinary engines that are worked in- 
termittently—such as winding engines—it is equally im- 
portant in reference to the air pump, In the case of any 
large engines, also, where the power varies considerably 
from day to day, there is no doubt that greater economy 
will’be secured by the use of a separate pump than by one 
worked by the main engine. The pump we illustrate, 
on page 35, has been arranged to meet these cases. It is made 
by Messrs, Hathorn, Davis, Campbell, and Davey, of 
Léeds, and its steam cylinder is fitted with Mr. Henry 
Davey’s differential valve gear recently described by us.* 
Our engravings show the pump attached to a condenser, in 
a form specially designed for application to non-con- 
densing engines; slightly modified, the same machine would 
serve as aseparate air or circulating pump for an engine 
having already a condenser. 

The principle of the arrangement now illustrated is just 
the same as that of the differential pumping engine, the 
modifications being only such as arerequired to suit it to 
the smaller machine. Here the main slideis placed on the 
top of the cylinder, and the auxiliary slide above it. The 
auxiliary cylinder A and the cataract cylinder B are cast 
in one piece with the valve chest cover, the latter being 
above the former, as shown in the section. A vertical lever 
(double) swings upon a pin C fixed to the bedplate, and to 
it at D and E are attached the rodsof the cataract and 
auxiliary pistons respectively. In it also at F is fixed a 
pin carrying alever F H, the lower end of which is attached 
to a cross- piece H, left free to slide up and down upon an 
arm rigidly connected with the main piston rod. The 
lower end of this arm, K, works the valve of the auxiliary 
cylinder by means of the tappets and gear shown. The 
upper end of the inner lever F H carries at a point G, very 
near to F, a pin from which the main valve is worked. 
The action of the gear is as follows: Suppose the main 
piston to be at the front of the cylinder, about to commence 
its backward stroke, H is at H’', G lies to the left of F, 
and the main valve bas opened the front port. The front 
port of the auxiliary cylinder is fully open, and the piston 
A is near the front of its cylinder and moving from right 
to left. This causes the lever D C to swing in the same 
direction, and its velocity of motion iskept uniform by the 
cataract B. The lever carries with it the pin F (the cross- 
piece H sliding up the arm to allow of this) and so 
further opens the main valve. The motion of the lower 
end of the inner lever from H!' to H tends, however, to close 
the valve, and the instant at which the cut off takes place 
depends upon the relative velocities of H andof F. The 
latter, we have already said, moves uniformly ; the former 
is accelerated in the earlier part of its stroke on account of 
the excess of effort in the cylinder over resistance in the 
pump. If the resistance in the pump be great, this 
acceleration is small, and the piston travels well on in the 
stroke before G is brought into the position necessary for 
closing the port. If, on the other hand, the resistance be 
small, H starts off rapidly, and brings G back rapidly, 
neutralising—so far as G is concerned—the uniform for- 
ward motion of F early in the stroke. Not only, therefore, 
is the steam used expansively, but also—as in the larger 
engine—the expansion varies automatically with the 
load. 

In our illustration, the condenser forms part of the bed- 
plate. The cylinder is cast separately and also the two 
vertical valve chambers. The pump barrel is bolted by 
flanges to the two latter. The exhaust of the working 
cylinder is connected to the side of the condenser. The air- 
pump is of so simple a kind,and its arrangement is so clearly 
shown, that it is not necessary further to describe it. The 
whole arrangement seems both simpleand efficient. There 
is, of course, no doubt of the great advantage to be gained 
by the use of such a machine with a non-condensing 
engine, but we think we may go further and say that there 
are many instances in which it would be economical to use 
it, or any other equally satisfactory arrangement, with 
new engines instead of fitting them with air pumps worked 
direct from the main piston rod. But before this can be 
done with any advantage, we must get rid of much of that 
astounding ignorance—both in masters and men, unfor- 
tunately—which too often utterly neutralises our best 
efforts to make economical machines, which shuts off steam 
jackets, throws expansion valves out of gear, insists on 
using throttling steam, and in general does everything 
possible to raise the indignation of scientific engineers and 
the price of fuel. 








Dearu or Mr. 8. T. DavENPORT:—We regret to have 
to announce the death of Mr. 8. T. Davenport, well known 


as an active and energetic officer of the of Arts. 
Mr. Davenport’s connexion with the Society lasted for 
thirty-three years, and it was in great part to his unceasi 


and zealous efforts that the present prosperity of the insti- 


tution is due. To very many of the members he was well 
known, and all who take an active interest in the Society of 


Arts will feel his loss severely. Mr, pong death 
was very sudden ; it took place on Friday, January 7th, 
after an illness of only four days. 





* See pAige 410 of our last volume. 





THE SCOTCH IRON TRADE IN 1875. 

THE -year was one of considerable interest in the 
Scotch iron trade, although it- was not a year that proved 
so eventful as some of its immediate predecessors, Up till 
the month of September it was characterised by great dis- 
satisfaction with the results of the transactions in every 
department, and afforded in every ‘sense of the term a 
marked contrast to the inflated condition of things which 
prevailed during the greater portion of the years 1871, 
1872, and 1873. During the fourth quarter of the year 
just closed, there was a very marked improvement. There 
were additional symptons of increasing vitality almost 
every week; and by the close of the year it was admitted 
on all hands that a really healthy change had set in. One 
marked feature of the general healthiness of the Scotch 
iron trade, even during the most depressing period of the 
year, was the commercial stability that was maintained as 
compared with the numerous great failures of iron manu- 
facturing firms and limited liability companies in other 
centres of the iron trade. There may not have been much 
profit during the past year to the Scotch iron manufacturers 
and to other persons usually included in ‘the trade,” but 
there is great satisfaction in knowing that if there were 
any losses they were fully counterbalanced by the results of 
the very profitable transactions of the period embraced in 
the three years previously mentioned. 

Notwithstanding the fact that many persons were dis- 
posed to consider that Scotland had entered upon its decline 
as a great seat of the iron manufacture, the production of pig 
iron in the past year amounted to 1,050,000 tons, as against 
806,000 tons in the year immediately preceding, thus giving 
an increase of 244,000 tons. Even as compared with the 
production of 1873—which was certainly one of the most 
prosperous years in the records of the Scotch iron trade— 
there was an increase of 57,000 tons in the annual make 
of pig iron, the make of 1873 being 993,000 tons. Of 
course there were no general strikes in the year 1875, 
either amongst the miners or the ironworkers ; and thus the 
blast furnaces that were kept blowing were permitted to do 
their best work with a continuity that has rarely been ex- 
celled or even equalled in any former years. The average 
number of furnaces in blast during the year was 117, 
and the average production per furnace was 173 tons 
per week, At the close of the year there were 114 furnaces 
blowing,* ten in course of repair, two building, and 31 
not working, some of which doubtless will not again be 
blown in. The total number of blast furnaces is thus 
brought up te 157, In the year 1870, when the total pro- 
duction amounted to 1,206,000 tons—the largest amount 
ever made in any one year in Scotland—the average num- 
ber of furnaces in blast was 130, a number never exceeded 
either before or since that year. The average number in 
1874 was only 96, which is the smallest average for the 
last 25 years at the very least. 

In the local foundries the amount of pig iron consumed 
in 1875 was 12,000 tons greater in amount than the con- 
sumption during 1874; and the increased consumption was 
chiefly due to the increased demand for water pipes, which 
are made very extensively in the Glasgow district, for rail- 
way chairs, and general castings.. Those founders whose 
business lies chiefly in providing castings for the marine 
engineers were certainly not busy. Unremunerative prices 
were loudly and freely complained of during the year in 
the malleable iron trade; but notwithstanding the almost 
universal complaints, the consumption of Scotch pig iron in 
the production of finished iron was greater last year by 
81,000 tons than the consumption of the year immediately 
preceding. The amount thus consumed was increased to 
the extent of 43,000 tons—a fact which certainly speaks 
highly in favour alike of the cheapness and the excellence 
of the goods produced from the Scotch pig iron, There 
was also an increased consumption during the year of 
20,000 tons of English (chiefly Cleveland) pig iron, some 
being ordinary, and the remainder being hematite pig iron. 
The imports from England by rail and sea were 220,000 
tons, as against 200,000 tons in the year 1874. 

The total consumption of Scotch pig iron in Scotland 
during 1875 was 860,000 tons, or 53,000 tons more than 
the consumption in the preceding year, and only 18,000 
tons less than was consumed in 1873. It is well worthy of 
notice that the 20,000 tons additional from England were 
absorbed during the year in addition to 170,000 tons of 
the increased Scotch production; and here it may be men- 
tioned that the foundries took 205,000 tons of Scotch and 
154,000 tons of English pig iron during the year, as against 
193,000 tons and 130,000 tons respectively in 1874 ; while 
in the production of malleable iron the consumption in 1875 
was 155,000 tons of Scotch and 66,000 tons of English 
iron, as against 124,000 tons and 70,000 tons respectively 
in 1874. 

In respect of the exports and railway deliveries there 
are two or three interesting data to quote. The foreign 
shipments amounted to 368,458 tons last year, as against 
296,803 tons in 1874; the coastwise shipments were, re- 
spectively, 174,056 tons and 166,104 tons; and by rail to 
England there were sent 73,491 tons as against 50,093 tons 
in 1874. While the increased make over the year was 
244,000 tons, and the increased consumption in the foundries 
and finished iron works was 43,000 tons, the increase in the 
exports and coastwise and rail deliveries amounted to 
103,000 tons. The increase in the foreign shipments was 
chiefly to France (fully 7000 tons); to Germany, Austria, 





and Holland (fully 54,000 tons); to Spain and Portugal 





(well-nigh 4000 tons); to the United States (between 
7000 and $000 tons); to British America (9400 tons); and 
to the. East Indies, China, Australia, South America, &c. 
(fully 6700 tons). While the improvement in the foreign 
shipments bas been general, nearly two-thirds of the excess 
was absorbed by Germany. 

At the close of the past year it was found that the stocks 
in the warrant stores, and at the makers’ works, amounted 
to a total of 170,000 tons, as against 96,000 tons, the in- 
crease thus being 74,000 tons. But the amount of stock is 
not considered at all excessive ; indeed, it is very much 
below the average stock for the last thirty years. In only 
two instances during the last eighteen years has the stock 
of Scotch pig iron been less than there was in hand at 
the end of the last month. In one year—1864—it reached 
the enormous total of 760,000 tons; and during a dozen 
years in succession it was never less than 427,000 tons. 

The price of warrants at the beginning of the past 
was about 75s. per ton, and little change took place till the 
end of March, when it to recede, reaching 70s, in 
the beginning of April, 60s. in the end of May, and 57s. in. the 
middle of June. During July the price remained steady 
between 60s. and 61s. but in August it was forced up ‘by 
speculation, and it touched 69s, 3d. at the end of Sep- 
tember, receded a few days to 60s., and remained between 
that price and 62s. 6d. till the end of November; and again 
during the closing month of the year it reached 65s, The 
average price of warrants for the year was 65s. 9d, 

All things considered there is still a hopeful future for the 
Scotch iron trade. Before concluding it may be worth 
while to give a few figures of a retrospective character. 
The production of pig iron in Scotland in 1788 was 1500 | 
tons; 9000 tons in 1805; 20,000 tons in 1820; 29,000 
tons in 1825; 197,000 tons in 1839 ; rising to 475,000 tons 
in 1845, The price in 1810 was 92. 5s. per ton; 7/. 15s, in 
1815; 72 in 1820; 112. in 1825; 57. in 1830; 42. 15s, in 
1835; 81. 1ds. in 1840; 2/. Ss. 6d. in 1849; 2/. 11s. 10d 
in 1859; and 2/, 9s, 3d. in 1861. 





THE IMPORTATION OF TIMBER LN: 1875. 


Tue imports of wood into the United Kingdom during 
1875, amounted in declared value to 15,362,459, against 
21,830,4287. in 1874. The 1875 imports were made up of 
4,824,781 loads of hewn, and 3,297,830 loads of sawn wood, 
92,522 loads of staves, and 80,409 tons of mahogany. 

The imports into London in 1875 were as follows : 


. ‘Tons. 
From Norway 77,569 
» Sweden 399 189,005 
» Finland oe 82 31,982 
» Bussia _* a .. 863 168,108 
», PrussiaandGermany ... 218 75,389 
», British America 193 188,134 
Hf » » N. Brons- 

wick, Nova Scotia, &.... 42 19,190 

», United States ... és 48 Yi 
», Hastand West Indies 13 11,697 
1560 744,088 


The estimated consumption in London during last year 
was 17,271,000 pieces of deals, battens, ends, and boards, 
and 285,000 loads of hewn timber. 

The stock at the public docks in London consists at pre- 
sent of: 


Foreign: 

Deals, pieces 2,959,000 
Battens ,, 1,557,000 
” 135,000 
Fir timber, loads 600 
Pitch pine _,, ‘ 9,900 
Wainscot logs, pieces 11,900 
Staves, mille r 1,663 

Colonial : 
Pine deals and battens, pieces ... 2,274,000 
Spruce ” 99 «+ 1,585,000 
Red pine timber, loads... oo io 1,500 
Yellow pine ,, et to Pe per 

9? ) 

ican oak, greenheart, &c., loads 500 
Elm and ash o 4,200 
Birch, walnut, &c. . 4,600 
Staves, mille ‘ 625 


At West Hartlepool good middling red fir timber is quoted 
at 1s. 4d. to 1s. 6d. per foot cube, 13-in, average and common 
middling ditto of the same square 1s. 2}d. to 1s. 4$d. 
Rectangular red fir sleepers, 8 ft. 11 in. long, 10 in. by 5 in., 
47s, 6d. per load. 





Tue Survsyorsuip or Sr. Luxz’s.— Mr, Alfred 
Allen, Jun., several years on the staff of Major Haywood, 
engineer and surveyor to the Commissioners of Sewers of 
the City of London, has been appointed surveyor to the 
parish of St. Luke, Middlesex. 

METROPOLITAN AND SOUTH-EASTERN RaILways.— 
Tie o-view (2 setae f. cceammsenenaamenniiees 

i i rs 0! wo Com) ve : 

io ane he Bis Station of the 
itan Railway and the Cannon- Station of the 


South-Eastern Railway. These omnibuses have to 
be a great convenience not only to travellers the 
two lines, but also for passengers to the Bank, Hegel Px 
change, Stock Bxchange, William: street, p 
&e. The fare charged is only one penny. 
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THE ORIGIN*® OF MOTION.—No. II. 

1. In considering in our last article the problem 
as to the t Physical — = the oon wa the 

ysical basis upon which its qualities de » it 
at our oat to demonstrate and establish A a 
remarkable fact, that when the theory of “action 
at a distance” is rejected, the problem as to the 
physical constitution of the-ether will admit of but 
one solution, which solution, therefore, if the theory 
of “‘ action ata distance” be unfounded, must be the 
irue one, while, on the other hand, that so long as 
the theory of ‘‘ action at a distance” is admitted, 
the problem as to the physical constitution of the 
ether must ever remain undeterminable or insoluble, 
on account of the facility afforded by this pee 
for the evolution of speculative hypotheses, whic 

reclude a final decision. The conclusion inevitably 
ed up to as regards the physical constitution of 
the ether by the rejection of the theory of ‘ action 
at a distance” was : 

That the normal state of the component particles of 
the ether is a state of motion, that this motion takes 
place in straight lines, and towards all directions: 
the theory..of Joule and Clausius being thereby 
generalised by including the ether. 

2. The Normal Velocity of the Ether Particles.— 
The deduction already arrived at that the normal 
state of the component particles of the ether is a 
state of motion, points at once to the existence of a 
source of energy available as an origin of the motions 
observed in matter generally, such as the motion 
developed in the coal of the steam engine, &c. 

8. The component particles of the ether, therefore, 
being in a state of motion among themselves in the 
normal state of the ether, we have now, therefore, to 
inquire as to the velocity of this motion, or the 
mean normal velocity of the ether particles in the 
normal state of the ether. 

It is a known fact that a wave is transmitted by 
the ether ata velocity of about 190,000 miles per 
second. The theory of “action at a distance,” 
therefore, being rejected, or all idea of the propaga- 
tion of this motion (constituting the ‘‘ wave”) 
through non-material or spiritual agency being 
given up, it must follow that that which transmits 
the wave must have a velocity at least equal to the 
rate of transmission of the wave ; or, in other words, 
the ether. particles by whose mutual interchange of 
motion the wave is propagated must haye, in their 
normal state, a velocity equal to that at which 
the wave is propagated, for it is to be observed that, 
however infinitesimally feeble the disturbance con- 
stituting the wave may be, it is always propagated 
at the above rate, and therefore it must follow that 
the peices already possess in their normal state 
a velocity equal to that rate, for on no other con- 
dition could they, in their mutual interchange of 
motion, propagate a increment or decrement 
of velocity at the above speed. Indeed it is neces- 
sary to conclude that the normal velocity of the 
particles must be somewhat in excess of the above, 
since (from the fact of the particles moving in all 
directions) the wave is also transmitted forward by 
particles which are moving obliquely to its line of 
propagation, and therefore the rate of forward trans- 
mission along the line of propagation must be 
somewhat slower than the normal velocity of the 


8. : 

This may perhaps be made clearer by a homely 
illustration, Thus if weimagine a line of couriers 
to be forwarding something between them, and 
that some of them are moving obliquely to the 
direct: line or direction towards which it is desired 
to transmit.the message, then that which is trans- 
mitted will be transmitted at a slower rate than 
the normal velocity of the couriers. In the case 
of. the ether accordingly, the normal velocity of the 
particles must be somewhat in excess of the 
measured velocity of transmission of the wave. The 
same thing is illustrated in the el case of the 
air, where it has been shown by Joule and Clausius 
on independent grounds that the molecules possess 
a normal velocity of about 1600 ft. per second; 
whereas it is a known fact that a-wave (such as a 
wave of pound) is propagsted at a slower rate than 
this, or at‘ velocity of a 1150 ft. hc 

4. The above deduction as to’ the‘limiting value 
of the normal velocity of the ether particles will 
probably be regarded as‘inordinately high on the 

consideration’ of “thé‘subject, but. it sis to ‘be 
kept in view that the “particles may be, and un- 





doubtedly are, extremely small, and therefore that 
_ * It is of: course understood)that'the term “‘origin’’ 
is used here in the sense of “‘ squree,”’ not “ beginning.” 


although moving at the above high speed, the en 
possessed by each particle may also be extremely 
small, and, indeed, may well be less than the energy 
possessed by an air molecule when moving at ifs 
normal velocity ; for‘ther’'is no limit to the extent 
to which the energy by each icle may 
be conceived to be reduced by the simple fact of an 
extensive state of subdivision of the matter forming 
the ether, the energy of each particle by itself 
being thus made so small that a particle is incapable 
of producing any disturbing effect by its motion, 
the motion as a whole thus going on so smoothly as 
to be imperceptible to the senses. An extreme 
minuteness in the ether particles is also the essen- 
tial condition to enable them to etrate with 
freedom the molecular interstices of matter. The 
extremely subdivided state of the matter forming 
the ether would also—on account of the multiplicity 
of particles—have the effect of reducing the distance 
which a particle can move before being intercepted 
by other particles within almost infinitesimal limits, 
i.e, Within oo too ong, we _— ne direc : t 
perception of the senses, the multiplicity of particles 
also fete the effect of cecidatan "he ure 
exerted by the ether against the molecules of matter 
so perfectly balanced on all sides, that this pressure, 
however’ great it may be, must heécessary elude 
the direct detection of the senses, 

5. Physical facts, such as the observed energy 
with which the molecules of matter (the molecules 
of a steel bar for example) are controlled in stable 
Cares render the inference necessary that the 
ether, as the controlling physical agent in this case, 
must exert a pressure of many tons per square inch, 
and (the pressure being as square of the speed 
of the particles, and as the density) it may be 
readily shown to be calculable as a mathematical 
certainty that an adequate pressure is physically 
possible, consistent with such a low density in the 
ether as harmonises with observation; this great 
pressure being the absolutely essential mechanical 
condition to enable the ether to control forcibly the 
movements of the molecules of matter. 

6. The Concealed Energy of the Ether.—The de- 
duction above arrived at as to the high normal 
velocity of the ether particles, throws at once a 
light upon the existence of a vast store of energy in 
space, competent to account in a manner capable of 
a rational appreciation for the intense development 
of motion witnessed in such cases as the combustion 
of coal, the explosion of gunpowder, &c.; such 
effects being simply a transference of motion from 
the ether to the molecules of matter under special 
physical conditions, which motion in the normal 
state of the ether remains concealed. This is the 
concealed or ‘‘ /ateat” energy whence the coal (in 
the process of combustion) derives its motion,’ If 
we suppose the ether to be taken away and empty 
space left, then there would be nothing left to 
which to apply the term ‘‘ /atent,” and consequently 
in that case the coal would be as incompetent: to 
derive motion as a waterwheel without a-stream. 
There is nothing savouring of the occult or spiri- 
tualistic about the process. A piece of coal is simply 
a machine adapted to derive motion from the ether, 
just as a waterwheel is a machine adapted to derive 
motion from a stream, a block of coal being just as 
incompetent to evolve motion, independently of a 
source of motion as a waterwheel. 

7. In the steam engine the coal cannot, there- 
fore, be regarded as the source of motion, any more 
than the steam; the only competent source of 
motion is a source where motion exists, i.c., the 
ether whose normal state is a state of motion, In 
the action taking place in the case of the steam 
engine we observe, therefore, that the motion of the 
piston comes from the steam, the motion of the 
steam comes from the coal, the motion of the coal 
comes from the ether, the motion of the ether ezists 
already; and there, therefore, the chain properly 
ends. The coal and steam are simply pieces of on, 
venient mechanism, to transmit the motion of the 
ether to the piston, just as, for example, the con- 
necting rod is the conyenient piece of m i 
to transmit motion from the piston to the crank. 

8. In the case of the locomotive, it isa recognised 
fact that all the energy sarelopag during its pro- 
gress(after the velocity -has.become uniform) is 
converted into heat, all of which heat must pass to 
the ether finally by radiation—i.c,, in the form of 
waves. The very,obseryed fact, .therefore, that all 
the energy goes to the ether would by itself alone 
render the conclusion an extremely likely one that 





this energy came from the ether, the motion simply 
passing through a circle and its sum remaining 


constant, the process —— = in a trans- 
ference of motion from the ether, through matter,to 
théether, § i 

9. We contemplate thus in the ether a great 
physical agent enclosing an intense store of energy, 
vast in prorat even within moderate’ limits of 
space, and exerting a great pressure competent to 
control forcibly the movements of matter, also an 
agent capable of —— a most directand im- 
portant influence in physi ena generally, 

10. It may be o fist the repli of the 
motion of the ether particles necessarily renders the 
ether completely impalpable, or its presence imper- 

tible to the senses ; so, thérefore, itis a remark- 
able and noteworthy fact that the very quality 
which tends to conceal the existence of the ether, 
and would therefore make the ether appear an agent 
of but little bate! and influence, is precisely that 
quality which endows the ether with an intense 
store of energy and causes the exertion of a great 
pressure, whereby the ether becomes a controlling 
agent of great powerin the phenomena of nature. 
It is therefore well to in view that when be- 
forehand it may be ded: with certainty that for 
a certain state of things to exist, concealment from 
the senses is ne , due care be exercised that 
the existence of this state of things does not escape 
detection, for the most important facts may not 
always lie on the surface, 

11. Some Points in Connexion with the Theory of 
‘\ Action at a Distance.”—The theory of ‘ action 
ata distance” would not recognise the above con- 
trolling influence of the ether at all ; or this theory 
would assume that we are upon a globe pervaded 
and surrounded by the ether whose main purpose is 
confined to the subsidiary one of transmitting 
waves ; and that the movements and actions of 
matter witnessed on all sides on the surface of 
this globe, such as the movements of animals, steam 
engines, the movements of approach of masses 
in the magnetic condition, of bodies in the 
electric state, and the almost endless variety of 
the molecular movements of chemical action are 
subject to no determining physical conditions, or 
require the presence of no controlling physical 
agent ; but that these various eae tl are due 
to various occult properties possessed e- masses 
and molecules.of matter themselves,which are there- 
fore (as the theory would assume) supposed to be 
capable of producing and controlling their own 
motions. Inthe free application of this theory, it 
is of no rege me how com: or even contra- 
dictory the effects may be. us a magnet would 
be thereby assumed to possess within itself, without 
the aid of anything external to regulate the effect, 
an innate selective power in such a way as to be 
able to cause a piece of iron to move towards it, 
anda piece of bismuth to move from it. 

It may be well to aa here the passage from 
Newton's letter to Bentley, showing his opinion 
regarding this theory of ‘action at a distance ;” 
he says: ‘ That .one. body may act upon another 
‘+ ata distance through a vacuum without the media- 
‘¢ tion of anything else, by and through which their 
‘¢action and force may be conveyed from one to 
‘‘ another, is to me so great an absurdity that I 
‘* believe no man who has in philosophical matters a 
‘ competent faculty of thinking can ever fall into it.” 

12, Although there can be little doubt that this 
theory of ‘action at a distance”. isin process of 


being abandoned in the present, day, there is 
one point which, considering its practical importance, 


— scarcely to receive a due ition ; viz., 
at by the rejection of this theory of “‘ action at a 
distance” it will be an absolute necessity to look to 
a physical agent, ic., to the everywhere present 
ether as the controlling physical agent in the move- 
ments and actions of matter, and as the transmitter 
of motions and actions to a distance rally, in- 
cluding all those cases to which th of 
‘* action at a distance” has been applied; and, there- 
fore, by the rejection of this ,. the scheme of 
the ether or the part played by the ether in the 
phenomena of nature must find its recognition as 
an absolute; necessity...To those,therefore, who 
have im practice rejected the theory of ‘‘ action at a 
distance,” the main point contended for in these 
papers as to the Scher belng the agent concerned in 
the movements and, actions of matter generally 
(and, therefore, in the combustion: of the fuel in the 
case of the steam engine) must; in principle com- 
mend itself as a necessary fact, or as the one con- 
ceivable solution of which the problem admits. It 





surely is a matter of practical importance that this 
sho d be realised, and a decisive course taken, for 
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it is quite evident that no middle course is possible 
here; or either the theory of ‘‘ action at a distance” 
must be practically adhered to, or else a physical 
agent must be looked to as concerned in these 
actions. To ignore, therefore, the action of the 
everywhere present ether in the movements of matter 
must be tacitly to hold to the theory of “ action 
at a distance.” If, therefore, this latter theory 
be professed to be abandoned in the present day, 
it is then high time that a decisive step should be 
taken, for it would be useless to assume this theory 
to be in — abandoned and yet not bestir 
oneself to look to something practical to replace it, 
and this latter point cannot surely be too strongly 
insisted on. 

13. It is perhaps scarcely realised how this 
theory of ‘‘ action at a distance” can, by diverting 
the mental powers over an almost limitless field of 
speculative hypothesis, retard progress and render 
certainty impossible, and one can perhaps scarcely 
realise until the theory is finally abandoned the 
remarkable power acquired in analysis under the 
guidance of a purely rational system; when all 
phenomena become correlated as dynamical pheno- 
mena subject to rigid physical conditions and not 
governed by caprice, but determinable beforehand 
as soon as the physical conditions are known, the 
game unalterable dynamical principles of necessity 
prevailing in one part of the universe as in another, 

14. The Ether as a Motive Agent.—We have now 
to consider the special qualities which a motive 

it should possess in order to be mechanically 

ted to impart motion to the molecules of 
matter or to work the molecular mechanism in the 
case of the steam engine. Firstly, since the mole- 
cules of coal and air are together at a high 
in the process of com ion (combustion), 

@ particles of the motive agent must therefore 

a high velocity, for otherwise these particles 
would be unable even to follow up or to sustain 
their action against the rapidly advancing molecules 
in the process of combination. Secondly, the 
motive agent must have a low density, for other- 
wise it would obstruct the very motions it is its 
purpose to develop. Thirdly, the motive agent 
must exert an intense pressure, so as to be able to 
act forcibly upon the molecules of matter and con- 
trol their motions, These it will be observed are 
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aay those qualities which have been already 
ed up to on independent grounds as the qualities 
by the ether. 

15. Again, it is a known fact that in the case of 
the mass mechanism of the steam engine, the 
higher the pressure of the uniform medium (the 
steam), the higher is the speed at which the me- 
chanism can be worked, and the smaller are the 
dimensions or weight of the mechanism required to 
develop a given power. The high pressure of the 
ether therefore is the condition specially adapted to 
work the molecular mechanism at a high speed, and 
this high speed of working is the cause of the intense 
power derived from the molecular mechanism in 
proportion to its weight. Also, since the smaller 
the dimensions or the lighter the ae parts of a 
mechanism, the higher is the practicable speed at 
which} it can be driven ; so the extremely small 
dimensions of the working parts of the molecular 
mechanism of the steam engine is the mechanical 
condition specially adapted to render practicable the 
high at which this molecular mechanism 
acts. 

Also the extensive state of subdivision characteris- 
ing the molecular state of matter is the essential 

hysical condition, whereby a vast extent of surface 
is brought under the play of the ether pressure, 

16. Just as steam by its lightness and mobility 
is admirably adapted to transmit motion to masses, 
and to control their motions by its pressure, so the 
ether by its far greater lightness and mobility, and 
by the intensity of its pressure, is the fitting agent 


to transmit moti lecul i 
Ga ain ie dee wach Ge a special hysical conditions under which the mole- 


motions with energy. In the mass mechanism o: 
the steam engine we have the low pressure, the 
comparatively slow motion and relatively large mass 
of the molecules of steam imparting motion to the 
heavy machinery ; in the molecular mechanism (the 
mechanism of the fuel) we have the intense pres- 
sure, the rapid motion and extremely small mass of 
the ether particles imparting, motion to the light 
masses of the molec machinery. It may be 
observed that although for convenience in reference 
we have used the terms ‘“‘ mass mechanism” and 
‘** molecular mechanism,” there is really no essential 
distinction between the two, in so far as the mass 
mechanisin itself is all made up of molecules, or in 


the one case the working parts consist of groups of 
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molecules driven by the steam pressure, in the other 
of distinct molecules driven by the ether pressure. 
The ether may be compared as it were in analogy to 
a steam reservoir at an intensely high pressure, 
whence the molecular machinery of nature (coal, 
the animal system, &c.) derives its motion: the 
motion of the ether particles in their normal state 
being precisely similar in character to that of the 
molecules of steam, only incomparably more rapid, 
as adapted to the rapid working of the molecular 
machinery. It would be 4 priori natural to infer 
that as steam is so admirably adapted to work 
machinery, the molecular machinery would be 
worked by an agent of similar qualities, resembling 
steam in its impalpability—indeed, so impalpable 
on account of the high normal speed of its com- 
ponent particles, that its silent power remains con- 
cealed in the normal state of the ether. 

17. The more the special qualities of the ether 
are studied, the more — will become the 
admirable adaptability of agent, in a mechanical 
point of view, to fulfil its special functions; and a 
recognition of the practical utility of this agent in 
every day phenomena may probably go far to re- 
move that vagueness of treatment and the seem- 
ing disposition to avoid dealing with the subject 
of the ether which one not uncommonly finds, this 
being possibly also partly due tothe mystery which 
the theory of, “action at a distance” has thrown 
over the subject, whereby itis rendered distasteful. 
Having dealt so far with the qualities of the ether 
asa source of motion, we shall in the next section 
roceed to consider the physical process or the 


cules of matter are adaptedto derive motion from 
the store existing in the ether. 
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At the present moment the attention of qvees 
Englishman is attracted with peculiar interest to all 
matters concerning Egypt. o engineers especially 
the vast public works, the subject of so much dis- 
cussion just now in financial circles, are amongst 
the most interesting of the many subjects deservin, 

their attention in that country. e works 0 


special engineering im ce in Egypt are, of 





course, those co with the irrigation and in- 
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undation of the cultivated lands, and as these have 
been constructed exclusively by French and Arab 
engineers, the details and even the general scope of 
the works are hardly known in this country. This 
is little to be regretted from an engineering point of 
view, because we have now the advantage which we 
should not otherwise have had, of noting and com- 
aring the differences in the practice of English and 
a engineers when dealing with the same pro- 
em. 

It is only in Eastern countries that the oppor- 
tunity occurs, or the necessity exists, of carrying 
out irrigation works on a gigantic scale. In India 
several generations of English engineers have had 
an ample field for the exercise of whatever abilities 
they may have possessed, whilst French engineers, 
on the other hand, have been little favoured, for in 
Egypt alone have they had the chance of embody- 
ing their ideas on colossal irrigation works in actual 
practice. As a consequence Egyptian irrigation 
works are far more European than Anglo-Indian in 
character, and further, there would be little diffi. 
culty in attributing their parentage to France, were 
all record of their construction wanting. 








One of the most important of all the great works 
of Egypt—not merely as regards the grandeur of 
the conception and the large expenditure incurred 
in its realisation, but also in respect of the engi- 
neering difficulties encountered in its construction— 
is undoubtedly the Barrage of the Nile. We have, 
therefore, selected this work for illustration and 
description. We shall not confine ourselves to a 
bare examination of the work as it at present 
stands, but shall endeavour, as far as le, to 
trace its progress, the successes achieved, and the 
failures encountered from the inception of the work 
to the present time. We shall then institute a 
comparison between this great Egyptian work and 
others of a similar character in India, so that we 
may the further improve the lesson taught by the 
very partial success of the Barrage of the Nile, 

The first conception of the barrage is undoubtedly 
due to the late Viceroy Mehemet Ali, although his 
engineer-in-chief, M. Linant, not unreasonably 
claims that Napoleon the First when in E re- 
ferred to a similar work in saying, ‘‘ Un jour 
viendra ou l’on entreprendra un travail d’établisse- 
ment de digues barrant les Branches de Damiette 

















| great floods, This, fact was 
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et de Rusette au Ventre dela Vache, ce qui, moyen- 
nant des batardeaux, permettra de laisser 
successivement toutes les eaux du Nil dans une 
branche ou dans l'autre et de doubler ainsi l’inonda- 
tion.” The first practical step towards the realisa- 
tion of the idea was taken in 1834 when M. Linant 
was instructed to prepare the n plans and 
reports. These were subsequently submitted to a 
mixed commission, comprising seven Arab officers, 
five French engineers and artillery officers, and two 
-— mechanical engineers, Messrs, Galloway and 
Wallis; but, although the members of the com- 
mission, with the exception of the last-named and 
one Arab engineer, reported in favour of the pro- 
ject, nothing further was done for some years. In 
1842 an entirely new design, based upon M. Linant’s 
studies, but differing most essentially both in posi- 
tion and in detail of works, was pre by M. 
Mougel, alsoa French engineer. This design, after 
submission to the Council of the Ponts et Chaus- 
sées, was finally approved of by the Viceroy, and 
the much discussed work was not very long after 
definitely commenced under M. Mougel’s direction. 
M. Mougel is, therefore, responsible both for the 
design and the mode of execution of the barrage, 
and, since the work has in several respects failed to 
satisfy the conditions laid down as essential by the 
originators of the project, and M. Mougel has been 
correspondingly anathematised by some of the pro- 
jectors, it is but fair that we should, when possible, 
allow M. Mougel to speak for himself, A very in- 
teresting manuscript account of the works, penned 
by M. Mougel himself in 1850,when. the barrage was 
partially completed, fortunately enables us to de- 
scribe almost in M. Mougel’s own words the general 
scope of the project, the anticipated results, and the 
means adopted to attain them. 

The barrage crosses the Nile about twelve miles 
below Cairo, at the point where the river divides into 
two branches, (See map, page 40). The length of the 
western or Rosetta branch, following the sinuosities 
of its course, is about 116 miles, and of the eastern or 
Damietta branch 124 miles, The plain which they 
traverse, termed the Delta, presents a front to the 
Mediterranean of about 180 miles, and forms by far 
the most valuable portion of the lands of Egypt. 
From the barrage to the first cataract at Assouan is a 
distance of nearly 600 miles, with a width of valley 
between the Libyan and Arabian Hills of some nine 
miles, From uan to Khartoum, where the 
Blue Nile joins, is a further distance of upwards of 
1100 miles, 

The valley of the Nile has been formed like all 
other valleys of great rivers by the successive de- 
posits of sedimentary matters vongnt down during 

well known to the 
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42 
ancient priests of Egypt, for, according to 
Herodotus, they said in their, figurative lan 


that the valley oe a gift of the river. The 
sources of the Nile being situated in equatorial 
regions and fed by the heavy tropical rains which 
occur in those climates, the river presents the 
phenomenon of regular and periodical floods. Thus 
the flow begins to increase from the 5th of June 
to the 5th of July, and to decrease from the middle 
of September to the 15th of October of each year. All 
the land periodically flooded is fertile, and produces 
the richest crops, but beyond those limits there is 
nothing but a burnt-up desert and mounds of sand, 
which form, as it were, enclosure walls to the culti- 
vated parts. Suppose for an instant that the river 
did not extend beyond its bank, or that, from the 
carelessness of man, the whole or part of the 
country were left without the beneficial effects of 
inundation, we should then have in place ofa fertile 
valley nothing but an absolutely barren desert. This 
fact not only, says M. Mougel, justifies the enthusiasm 
of the Arabs in their worship of the Nile, but it serves 
to explain the existence of the desert mounds bearing 
traces of former cultivation, which are met with in 
various parts of Egypt. There has been an in- 
cessant struggle between the Nile and the sands of 
the desert. When the water flows over the land 
the sand disappears,but as soon as the Nile recedes, 
the sands driven by the winds appear to chase the 
river back to its bed. The ancient Egyptians 
divided the lands by longitudinal and transverse 
banks into square basins, and, when the Nile com- 
menced to overflow its banks, they introduced the 
water into these basioseither directly or by canals 
constructed for the purpose. After the water had 
remaineda sufficient time to deposit the mud, they 
turned ‘it afresh into the river which had then re- 
treated to its normal channel. On the lands so inun- 
dated, they would without further preparation plant 
wheat, beans, and other cereals; and three months 
afterwards commence to gather in the harvest. The 
land would then, of necessity lie fallow until the next 
overflow of the Nile. ‘This method of cultivation is 
still continued in Upper Egypt, but important im- 
provements have been effected in the distribution of 
the water. The country, M. Mougel observes 
(writing in 1850), has been so exceptionally blest 
by Providence that the inhabitants have not been 
obliged to invent, and this principally explains their 
ignorance of the principles of modern agriculture ; 
in Egypt, Nature pleases herself in the variety of 
her products, or, in the language of physicians of 
another age, “* Nature abhors a vacuum.” 

The system of cultivation described above is also 
adopted in a part of Lower Egypt, but it has the 
inconvenience of not being applicable to other than 
cominon crops, and of leaving the land fallow for 
the greater part of the year. The more valuable 
crops, such as sugar, cotton, rice, and indigo, can- 
not be raised on this system, since they are summer 
crops, and the river at that time is much below the 
level of the land. For such crops the irrigation 
water has to be raised by mechanical means, and 
chiefly by sakiehs, a rude sort of chain-pump, 
worked by oxen, 

‘The number of sakiehs in Lower Egypt at the 
time of the construction of the barrage was esti- 
mated at 50,000, and sioce there are three oxen to 
each machine, and one man to six oxen, it follows 
that no less than 150,000 oxen and 25,000 men were 
reqitired for the irrigation of nothing but an insig- 
nincant proportion of the totul area of Jand—about 
a quarter of a million acres out of 34 millions. 
‘The Viceroy Mehemet Ali, appreciating the great 
value of these rich crops, and desiring both to in. 
crease their production and diminish the expense of 
raising them, determined to make the Nile, if pos. 
sible, capable of producing artificial floods in Lower 
Egypt during the period of low water, and for this 
purpose he ordered the construction of the barrage. 

‘To form an idea of this project, imagine a brid 
or viaduct of solid proportions, established at the 
tiead of the Delta, on each of the two vranches of 
the river, and above these bridges the headworks of 
three great canals, destined to traverse in their 
course the Eastern, the Central or Delta, and the 
western provinces of Lower Egypt. If the arches 
of the bridge were closed, the water would, of 


course, be backed up and inundate the valley, 
uuless it were carried off by the canals fed from the 
river, and restrained by the banks formed to con- 
trol its overflow. ‘The water thus raised and thrown 
into the three canals of which we have spoken, 
could then be discharged at will on any of the lands 


canal banks. When the Nile commenced to rise 
the arches of the bridge would be ed little by 
little, until at the time of great there would 


be no obstruction to the of the waters. By 
this system it would be possible to regulate the 
height oi water as desired, to increase the height of 
feeble floods, and to diminish somewhat the effect 
of violent floods by discharging water through the 
three main canals. The project, approved by the 
Viceroy, and in course of construction at the time 
M. Mougel wrote the description already referred 
to, comprised the following works. 

Ist. Teaikey quay walls to fix the head of the 
Delta, constructed on a curve following approxi- 
mately the form of the land. 

Qnd. Two barrages on the flanks of this quay 
wall, extending respectively across the Rosetta and 
Damietta branches. 

3rd. Three navigation and irrigation canals, to 
receive the water of the Nile at the time of flood 
(whether natural, or induced by the operation of 
the barrage sluices), and distribute the same by 
means of already existing canals over any portion 
of the lands of Lower Egypt. 

The quay wall, about a mile in length, is founded 
on a mass of béton, eight feet deep below low water, 
and the foundation is protected against scour by 
sheet piling and rubble work in the usual manner. 
The construction differs from ordinary quays (see 
Figs. 12 and 13 of our two-page engraving), inas- 
much as the total height of 26 ft. is divided into four 
steps, separated from each other by a bench or berm 
4 ft. 6in. wide. The steps are thus independent of 
each other, and require a thickness of but 3 ft. 3 in. 
at the base. It is further claimed by M. Mougel 
that the system offers special facilities for discharg- 
ing merchandise, since the several benches or plat- 
forms are placed in communication with each other 
by flights of steps at convenient distances apart. 
The above work was commenced in April, 1846, and 
entirely finished within the ensuing four months. 

The barrage across the Rosetta branch is 1525 ft. 
in length between the abutments,and includes 61 
arches of 16 ft. 4in. span, and two locks of the respec- 
tive widths of 40 ft. and 50 ft. (see Figs. 1 and 2). 
The Damietta barrage is 1787 ft. long with arches and 
locks of the same dimensions as in the other barrage. 
The foundations consist of a mass of béton and 
masonry 12 ft. thick and 112 ft. wide, enclosed be- 
tween two lines of sheet piling 30 ft. in length 
(see Figs. 6 to 11). On the lower side a mass 
of rubble work and béton is placed in order to guard 
against erosion of the bed near to the sheet piling. 
The openings of the bridge were originally intended 
to be closed with wrought iron sluices worked by 
rack and pinion from the cutwaters of the piers. 
Subsequently a very special sort of sluice, designed 
to be operated by compressed air, was adopted for 
the Rosetta barrage, whilst, to the present time, 
the arches of the Damietta barrage are closed each 
year by temporary sheet piling. 

Navigation was to have been maintained by means 
(1) of a ship arch furnished with a swing bridge 50 
feet in span, and placed in the middle of each bar- 
rage. This arch was to have been left open at High 
Nile and closed by means of a pontoon when the 
retention of water by the commenced, (2) 
A double lock, 40 ft. wide and $54 ft, long, between 
the extreme gates, divided into two chambers 80 as 
to halve the total fall of 15 ft. which would exist be- 
tween the upper and lower side of the sluices at 
low water, was also to form a part of each barrage. 
In execution the central ship arch was suppressed, 
and alock 50 ft. wide by 220 ft. long was placed at 
the end of each barrage as a substitute. 

The irrigation and navigation canals were in- 
tended to have had bottom widths of 328 ft. in the 
instance of the central and eastern canals, and of 
197 ft. in that of the western canal. The bed of 
each of the canals was to have been 7 ft. above low 
Nile, so that with the backing up of 15 ft, there 
would have been a depth of 8 ft. which M,. Mougel 
considered was more thai. enough for the p 
of navigation. The actual bottom widths of the 
canals, as constructed, are 197 ft. in the instance of 
the first two, and 66 ft, in that of the last-mentioned 
canal, but, on the other hand, the excavation is in- 
creased 8 ft. in depth. 

With reference to the quantity of water re- 
— for different crops M. Mougel states that in 

gypt 26 cubic of water per day are, as an 
average, required for the irrigation of each feddau 
(1.04 acre) of land growing summer crops. For 
rice about 65 cubic yards are desirable, but for other 


rate of 26 cubic yards per feddau the total quantity 
required for the 3,500,000 feddaus of cultivable 
land in Lower Egypt would be 91,000,000 cubic 
yards per day. . Mougel estimated the minimum 
discharge of the Nile at 65,000,000 cubic yards per 
day, but recent measurements by Mr. Fowler, the 
present consulting engineer of the Khedive, have 
shown that the discharge at times is as low as 
40,228,000 cubic yards per day (12,570 cubic feet 
per second). It was never intended to realise such a 
project as placing the whole of Lower Egypt under 
summer cro which, beyond its impossibility, 
would have had no practical utility, since the same 
lands could not have produced the products of both 
summer and winter. The sections of the canals 
were determined by the condition of irrigating 
1,000,000 feddaus of Tand, or in other words supply- 
ing over 8000 cubic feet of water per second, 
with the flattest inclination reasonably practicable. 
Barrages and locks were to have been constructed 
on the canals at intervals, so as to maintain the 
water at the most convenient height for irrigation. 
M. Mougel writing in June, 1850, states that the 
means placed at his disposal for carrying on work 
were as follows: 
8 dredgers of 25 horse power each. 
é cteom engines Sor Gieiag torte and bite 
8 es for mo: an n. 
ae pe of 50 horse power and 16 mills for 
4 corny for brickmaking 
5 es for . 
2 », for the diving bell boats. 
12,000 soldiers. 
3000 marines. 
2000 labourers. 
400 carpenters. 
600 masons, &c. 
In all 22 steam engines and 18,000 workmen. 
We shall have occasion to refer more particularly, 
hereafter, to the —— plate which we publish 
with the present number, as well as to the views 
on pages 40 and 41, but we give here a descriptive 
list of the various figures. 
Fig. 1. Half elevation, “ up-stream”’ side. and half longi- 
tudinal section of the Rosetta barrage. 
Fig. 2. Half plans of Rosetta 
= 4 Ste 


barrage, 
Fig. 3 200 ft. below the Rosetta barrage in 
e years 1853, 1873, and 1875. 
Fig. 4. Soundin at the same distance below the 
ietta barrage in 1875. 

Fig. 5. Comparative cross sections of the Nile, at points 
1} miles and 72 miles above the barrage, where 
the regimen is maintained. 

Fig. 6. Detailed cross section of the barrage. 

i »» longitudinal section of the barrage. 


Fig. 7. 
Fig. 8. »» Sectional plan of the barrage. 
Fig. 9. 9 plan of roadway, &c 
Fig. 10. »  @levation “ up-stream.” 
ig. 11 ** down-stream.”’ 


Fig. ll. ” ” 

Figs. 12 and 13. Cross section of quay wall and steps. 

Fig. 14. Plan of headworks and lock of the Central or 
Menoufieh Canal. 

Fig. 15. Detailed elevation of headworks ‘‘ up-stream.”’ 

Fig. 16. 9 om a ** down-stream.”’ 

Figs.17, 18, and 19. Enlarged details of the same. 

Fig. 20. Diagram cross section of a portion of the 
Rosetta barrage and the rubble mound. 


NOTES FROM THE SOUTH-WEST. 
Shipping at Cardif.—The number of vessels which left 
the Cardiff docks in 1875 was 6969; the number of vessels 
which left in 1874 was 7509. 
Avonside Engine Works.—The following notice has been 
posted up near the Pie of the Avonside Engine Works: 
**In consequence of the reduction which has lately taken 
uno in the price of locomotive engines, and the increased 
ifficulty of obtaining fresh orders, notice is hereby given 
that it become necessary to make a reduction in the 
wages of all men employed in these works whose rates are 
above 20s. per week, to the extent of five per cent.; and 
this notice will e effect from January 28th.’ This 
notification, it is said, did not take the men by surprise, as 
it had been rumoured through the various departments that 
| reduction would orem take place, yin Tenge mene 
ompany employ altogether near men, an C) 
apnnouncemen will affect about 500. 
Swindon and Highworth Light Railway.—Anad 
he Swindon and Highworth Light «4 





meeting of t 
Company was held at Highworth last week. Mr. A 

Hussey Freke presided. Tenders for its construction have 
been pa Nadel for, and it is found that the ngnen’s (Mr. 
A. C. Pain’s) estimate of 40001. per mile will not be ex- 


Wages in the Forest of Dean.—It was decided, at a con- 
ference between the Forest of Dean coalowners, and a de- 
putation from the Miners’ Union, to advance wages 5 per 
cent., and to raise the price of coal 1s. per ton. 

Cwmavon.—A number of the collieries in the district of 
Cwmavon have been idle, the recent output, it is stated, 
being in excess of the demand. Since the stoppage of some 
of the iron-making establishments, the coal has, to a great 
extent, been disposed of for a &e.; and b; this 
means the colliers have been fairly em considering 
the state of trade in some other localities. Peaceable re- 








of Lower Egypt through openings made in the 





crops a much less quantity will suffice. At the 


lations exist between employers and employed. 
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South Wales Atlantic eee eines case 
of the South Wales Atlantic Steamship Company has come 
on before Vice-Chancellor Sir C. » in the Chancery 
Division of the High Court of Justice. A petition was pre- 
sented-on behalf of the Great Western way Company, 
who were creditors of the company ; and the petition, it 
was stated, was filed for the purpose of obtaining payment 
of what was due. It was explained thata petition to wind 
up had been previously presented by the company to Vice- 
Chaneellor ins, and the petition was dismissed on the 
and that the association was an unregistered company. 
ice-Chancellor Hall said the present petition should not 
have come before him. After a discussion, the petition was 
allowed to stand over. 

Trade at Cardiff.—Complaints of the general dulness 
of the coal trade have been!loud and frequent, but strenuous 
efforts have been made in some quarters to make it appear 
that the prices of; the best steam coal are hardening some- 
what. Freights have been scarce and low. 

Ebbw Vale.—All anxiety as to the action of the iron- 
workers in reference to the change in the rate of ‘from 
the beginning of this year has been set at rest by the men 
agreeing to accept the terms of the masters. The reduction 
agreed on will be 9} per cent. for the puddlers, and 12} for 
the millmen, including ballers, roughers, rollers, &c. The 
works are in full activity. The interviews of the men with 
the ary Nyh 4 wer yas manager, Mr. Robotham, was con- 
ducted in the best possible spirit on both sides. The men, asa 
body, appear to realise the position of the iron trade. 


Trade at Swansea.—In 1875 Swansea cleared 366 
steamers and 1720 sailing vessels with 626,699 tons of coal 
and patent fuel; this shows a falling off of 46,636 tons as 
compared with the caperts from Swansea in 1874. There 
were also shipped at that port last year 5689 tons of manu- 
factured iron for foreign ports. In 1874 the quantity of 
iron shipped in Swansea amounted to 20,734 tons, so that 
the falling off in this respectjis very considerable. 


Freehold Coal and Iron Company (Limited).—In the 
Court of Appeal of the High Court of Justice on Saturday, 
the case of the Freehold Coal and Iron Company (Limited) 
came onJfor hearing. The sepenl was from a decision of 
Vice-Chancellor Bacon, who ordered the voluntary winding 
up of the oeupee under the supervision of the court. 
Having heard the arguments, Lord Justice James said he 
did not see sufficient ground to interfere with the decision, 
and dismissed the appeal with costs. ‘ 

Trade at Newport.—In Newport there were cleared for 
foreign ports in 1875,°112 steamers and 810 sailing vessels, 
with 282,131 tons of coal and 65,828 tons of iron. Not- 
withstanding the increased facilities which Newport enjoys 
since the opening of the Alexandra Dock, the falling off in 
its foreign coal and iron trade is very considerable. In 
1874 there were shipped in Newport 349,634 tons of coal 
and 107,536 tons of iron. 


Messrs. Halliday and Pickard. — During the forthcomin; 
month Messrs. Halliday and Pickard intend holding seve: 
meetings in South Wales and Monmouthshire. The 
question of unionism will be the principal topic discussed. 

Colliers’ Strike at Llantwit.—When the South Wales 
Conciliation Board was established it was thought by many 
that there was an end to trade disputes so far as wages 
were concerned, and that for the future masters and men 
would work far more harmoniously together than had pre- 
viously been the case. Many, however, will now be i 
clined to think otherwise. The men employed in the 


Rhondda Valley were the first to protest against the terms | OWING 


of the ent, and this unpleasantness having been dis- 
posed of another has arisen. The men employed at Llan- 
twit Main Colliery; the proprietors of which are the Llantwit 
Red-ash Coal Company (Limited), having acted in direct 
antagonism to the agreement which they had signed. 
Within the last ten months no less than four strikes have 
occurred by which the proprietors of the collieries have 
been involved in much expense. At the Treherbert 
sessions on Monday a number of colliers were summoned for 
absenting themselves from work without having previo 
given notice of their intention to do so. The men 
signed the agreement issued by the sliding scale committee, 
binding themselves to give a month’s notice before leaving 
their work, and requiring a similar notice from their em- 
oe gm before they were discharged. An old grievance 
, however, been left unsettled, and the men suddenly 

quitted the pit, and have not resumed operations since the 
Ist instant. It was alleged, for the defence, that they did 
not clearly understand the new agreement. On the sug- 
estion of the aw. the company ogres not to press 
or damages, and it was stated that on this understanding 
the men would return to work. 


Plymouth and Aberdare Works.—The affairs of Messrs. 
Fothergill and Hankey have at length been satisfactorily 
arranged. Ata final meeting held in London, it was de- 
finitively decided to carry on the Pymea and Aberdare 
Works i a new company, under a board of control,. with 
Mr. Fothergill as general tyre Debentures will 
issued to all the itors for the full amount of their debts, 
and it is hoped that, with prosperous trade, they may, in a 
few years, be redeemed at par. 


Coal Exports from South Wales.—The which 
the exports of coal from South Wales bear the whole 
exports of the country is smaller for the re Fae un for 
wee panee years. Hitherto the South W: have 
expo nearly one-third of the entire quantity sent 
from the country, but last year the quantity exported’ was 
but little over a fourth. 





AMERICAN FREIGHT Cars—The number of freight cars 
upon the railroads of the United States is computed at 
391,000 In this total the Middle States figure for 164,502 
cars ; andthe Eastern Interior States for 112,269 cars. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 
Glasgow Pig-Iron| Market.—During the latter part of 
week the pig-iron warrant market was quiet and steady, 
a i ts being done at Gos, 74d. to . cash, closi 
on Friday at om .. On Monday forenoon the mark 
bray t flat, ry vines wee mand g 65s. 1}d. to 
, gash, . Bd. s. one month open, closing 
: Bi. promptvaniees os. 10d. Wo business 
were afternoon, a losing prices were 
3. Od., sellers 659. cash. The market had a 
dull tone in the forenoon, with a aneay 
ease, ib was evident that the strong baying had 


was shown 


E 
e 


with business at 64s. 3d., a 
r) was over at 64s. 44d. and 
64s; 6d., the _— receding to 64s. 4$d., at which ers 


remained, ing 64s. 6d. Business was also 
at 64s..6d. and 64s.'7}d. one month fixed. No businéss was 
reported in the afternoon, and were un- 


month also at 63s cash, closing with at 
the latter sellers asking 14d. per ton more the 

ternoon the market was steady, business done at 
64s. 10th of February, closing sellers 63s. 10}d. cash 
buyers 63s. 9d. Iron continues to be sent into > and 
the general tone of the market is somewhat dull. There is 


little change to report in the value of special brands, but 
G.M.B. iron is htly easier in price, in with 
warrants. ia wtak’s shipments corel ee 110s tons 


as against 8314 tons in the corresponding week of last a 
decrease since Christmas bei tons. er 


tinues to be fairly good. are all pretty well sup- 
plied with orders for the present; the prospects of the im- 


chants are not coming forward rders in the way that 
was expected ; and orders, where no contracts have been 
made, are limited to immediate requirements. 


The Coal Trade.—Practically no change has taken place 
in the price of coal, and the demand is not improving any, 
so far as Lanarkshire and the West of Scotland are con- 
cerned. Shipments from e ports are rather sation 8 
caliry dstrets ant th ont that th nes ae i 

, and itis ey ma in 
force for some time, sctriiteen ing that the has 
diminished to some extent since the price circular was 
issued. Last year’s coal shipments at Granton amounted 
to 252,102 tons as against 214,792 tons in the previous year. 
The greater portion was shipped to the Baltic and other 
Continental in large steamers. The Leith shipments 
of coal for year exceeded 360,000 tons, exclusive of 
what was taken by steamers for bunker use, which is caleu- 


lated to be one-fifth of the amount stated. The te 
is consi ly in excess of the amount exported in 1 
which is at 285,188 tons. In 1860, the coal 

at Leith, amounted to 36,667 tons. With the three 


cranes and two tipping machines now at work at Leith 
harbour, 12,000 tons of coal can. be shipped per week. 

The Glasgow Miners.—During the last few days the 
Glasgow (couth side) miners have been in a troublous state 
ing to their demand for an advance of to the ex- 
tent of 1s. per day not having been conceded. A meeting 
was held  pwoger fey which it was resolved to ballot out 
the men of one of the collieries to go on strike, the others 

romising to support them while out. The: lot fell upon 
the Farme Colliery in the Rutherglen district. 

Harbour Evtension at Kirkwall.—At a meeting of the 
the chtet cbjoot befor yp Meera 4 oot ot tes 

sul ore the meeting was the su’ e 
eng ae trustees » 
several months ago, to advertise for contractors. was 


done, and the respective figures ranged from 90001. down 
to 75001. The trast engineer considered that the work 


jut it was finally decided to prosecute the work with 
all possible speed in order to save the portion ly con 
structed. 

A Steam Dredger for Queensland Thomas 
Wingate and Co., Whiteine , Glasgow, launched a 
steam screw dredger last week for the Queensland Gov: 
ment. Shejis a vessel of 600 tons B.M., and is to be fitted 
compound surface condensin engines of 80 horsepower 
nominal, and is intended for dredging to adepth of 30 ft., 
and Prion upwards of 600jtons of mud, &e., per hour, at a 
cost of more than 1d, per ton, the oe of coal 
being lot more than three tons per 24 hours. The Hon. Mr. 
Macalister, the Prime Minister of Queensland, performed 
the ceremony of naming her; the Groper, Mr. James Dias, 
C.E., under whose inspection she was knocking away 
the dogshores. The Groper will be fully rigged with masts 
and sails for the voyage to Queensland, vié the Suez Canal. 
This is the 200th vessel which Messrs. Wingate and Co. have 
built.since they removed their shipbuilding yard from Spring- 
field to Whiteinch in 1847-48, } 


Purification of the North Lye og last year 
the question of the purification of the North Esk was re- 
mitted by the papermakers and Damme 9° on that river to 
Messrs. Hawksley and Leslie, C.E., and those gentlemen, 
finding the questionas much a chemical as an engineering 
oné, called in the assistance of the Edinburgh city analyst, 








| Messrs 


The Malleable Iron Trade.—This branch of trade con- | eoaifields 


mediate future, however, are not very . Mer- 
Jey sasaseaging of 


Mr. J. Falconer King. For various reasons there had not 
been much done in the way of pe until 
Monday week, when, under the direction of Mr. King, an 
exhaustive test was begun with Meshag> gene 
process. These experiments lasted over days, and, 
so far as they have gone, are to a certain extent satisfactory ; 
but the actual ts have not yet been made known, nor 
will they wad at ry we je on hg #4 Me 
necessary ¢ an i examination of the 

je ay &c.. Mr. Macks , the patentee, was present 

uring these experiments. er processes 

tried, and it seems probable that whichever of these give 
the best results be adopted at all the mills. One of 
these processes, of which the papermakers on another 
stream in the hbourhood Vv highly, is the in- 
vention of Mr. Wm. Durham, RSE; and this has since 
been put on trial on the North Esk, in the presence of 
. Ha x ie, and King. 

Proposed Branch Railway from Inverness to the Oale- 
donian Canal—For the accommodation of the traffic on 
the Caledonian Canal, the aye Railway Com 
have agreed to run a branch line to near the Mui 

. The branch will leave the main line about half- 
way between the Merkinch and Clachnah , and will 
traverse the ground which skirts the estates of _Muirtown 
and the Mackintosh trustees, reaching the canal bank by 
an easy curve. Thence it will run along the bank to the 
eee of about a quarter of a mile. The whole 


a about half a mile, and the cost is estimated 
at about 30001. The proposed branch has to be sanctioned 
by the Canal Commissioners before it is carried out. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

The Coal Exports from Hull in 1875.—During the year 
1875 the total arrivals at the port of Hull from the various 
were 1,067,954 tons, against 1,064,910 tons in 

1874, 932,176 tons in 1873, and 1,046,570 tons in 1872. Of 
last year’s total 264,950 tons were used locally, the balance 
803,004 tons being for the use of steamers and for expor- 
tation. oho quent coal taken by steamers for their 
own uses was 285,486 tons—6146 tons more than in 1874— 
ing thus actually exported, as compared 


for this post, left vacant 
eedrnsaly sata aesee louie 
w 
to be settled by the he testim 


_Becretaryship of the poe Yorkshire Miners’ Associa- 
é; say think ft, leaving the salary 
» lea e 
Delegates. The’ imonial 
fund for the benefit of Mrs. Normansell and her children 
now reaches nearly 12001. 


now practically ended. A number of men from other dis- 
tricts having been obtained in place of those who struck. 
ing the time the works have laid off extensive repairs 
and alterations, together with several important im \. 
pbeve Mee ae late mill very 
powerful new machinery have been wn, 
at great cost Bee ony the most approved pr Br ot 
Accident at the Glass Houghton Colliery.—On Montey 
week work was commenced at the Glass Houghton Pit, 
which had been idle since the late disastrous which 
des' all the , During the same night, how- 
ever, the chain was overwound into the p wheels, 
doing so much damage that the pit had again be set 
down for some days whilst repairs were effected. 


Colliery EF in South Yorkshire.—The new sink- 
ings of the of the Manyers’ Main Colliery near 
the line of Midland Railway between Mexboro’ and 
Wath have been rewarded by success, the Barnsley thick 
seam having been cut through last week. The core is found 
to be about 8 ft, in thickness and of good quality. 


The Swaithe Main Colliery Baplosion.—The inqnest 
in this matter terminated on Friday last. The Government 
inspectors gave their evidence on that day, and were unable 
to Preiale ong what caused the ex or explosions. 
The cause was not thought to have been the of a 
shot, but the use of gunpowder was condemned by the in- 
8 . There was some ey of opinion as to the 
relative value of the various lamps. Ultimately the 
ury found that there was not to say how 
he explosion or explosions took place. They thought that 
gun: r had been recklessly used, and that the rules 
no m strictly adhered to, a pending to 
opinion that powder ous to be used 
except in stone drifts and when no men are at work. 

Manchester, Sheffield, and Lincolnshire Railway.—This 
company, in furtherance of its comprehensive scheme for 
relieving Sheffield of su ndant traffic, has secured a 
large area of land near , which will be utilised for 
additional siding, &c., accommodation. 


pe 


ou: 





AMERICAN CrviL Enatngurine.—The American Society 
of Civil Engineering has had under consideration for some 
time the propriety of obtaining space in the Centennial Ex- 
hibition for the display of Sraeering plans, devices, models 
and machinery illustrative of the progress and status of civil 
engineering in the United States. 


dite. South Wales hae made arrangomen irr ae 5 
ew t es made whi 

the pilot service of Port Jackson will poi on by 
a steamer, instead of by boats, from December, 1875. The 


New South Wales Government has approved of a contract 
with the Waterview Bay Dock i ing Com- 








Engineering 
for the construction of a steamer especially adapted 
to the requirements of the port. 
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DUBOIS AND FRANCOIS’ ROCK-BORING MACHINERY AT THE ST. GOTHARD TUNNEL. 
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ENGINEERING. 


[Jan. 21, 1876, 








INSTITUTION OF CIVIL ENGINEERS. 
(Concluded from page 25.) 
Ocean Steam NAVIGATION. _— 

For several years past the attention of engineers has 
been directed to the great question of improvements 
in ocean steam navigation, but the general public has very 
little notion of the difficulties which marine engineers have 
had to contend with in their endeavours to produce engines 
capable of ing a maximum with a minimum 
consumption of fuel. It is remarkable, however, that 
recent improvements have mostly been founded on an in- 
vention which, though it was admitted to be correct in 
principle and admirable as the design of a highly scientific 
mind, required many subsequent adaptations to secure the 
success which it has since achieved. The engines which 
were in use at a period within the memory of some who are 
here present were incapable of accomplishing distant 
voyages without visiting numerous stations for the purpose 
of coaling, a necessity which caused a great increase in the 
cost of ocean traffic. Thirty-six years ago Mr. Hall de- 
signed, egy and constructed a marine engine of a new 
type, which, though it fmiled at the time to accomplish all 
that he hoped from it, was destined to overcome the serious 
difficulties that beset steam navigation at that time, be- 
cause of the able experiments additions which it sug- 
er] and which were afterwards applied to his invention. 

ndeed, it is not too much to say that marine engines even 
of the most recent construction, are identical in principle 
with those projected by Mr. Hall as regards the means 
adopted for the economy of fuel. This is a very signi. 
ficant fact, worthy of grave attention on the part of some 
of the younger members of the profession, since it shows 
the extreme importance of that close attention to practical 
details without which even the most admirable contrivances 
may for a long time fail to produce beneficial results. 
Unhappily, the man who by his own great ability presented 
to the world a plan which, when it was fully understood 
and wrought out, saved hundreds of thousands of pounds 
every year, not only died without recompense, but without 
that recognition of his talents which he had so worthily 
earned. Following up his system, however, our marine 
engineers have cuenibed in —. machinery which 
enables us not only to uphold our position as carriers for 
the world, but to traverse ocean routes which were formerly 
beyond the reach of steam navigation. Working with 50 
or 60 per cent. less of coal, we can make voyages that 
were once regarded as extremely difficult, if not impossible, 
and at the same time are enabled to carry a much larger 
cargo, inasmuch as less space is required whether for stowage 
of fuel or for the engines and boilers. Before leaving this 
—- I should mention my conviction that much may yet 
be done to produce steam power at a still cheaper rate, and 
I would call the attention of the younger members of our 
Institution to the immense benefits which must accrue to 
them and to the country by new and successful research in 
this direction. Not very long ago experiments were made 
on a moderately large scale by injecting the common atmo- 
sphere into the boilers of a steam ship, and though the 
results were not altogether satisfactory, I am strongly im- 
pressed with a belief that further investigation may ulti- 
mately lead to success. I may also mention that experi- 
ments which have been made on the Clyde, in order to 
expel the water and air which are formed in the condenser, 
may Fw ey enable us to save some of the power now 
ibsorbed by the air-pump, and as these improvements are 
directed to the vital portions of a lensing engine, they 
are well worth the serious attention of those who are in- 
terested in steam navigation. 


Loss oF STzAM VESSELS AT SEA. 

The ship itself being so ou allied to the engine, it 
may not be out of place to offer here a few remarks upon 
the loss of vessels, and to endeavour to account for the fre- 
quency of such calamities. Every engineer must have 
noted comparatively recent records of the number of steam 
ships bound for the Baltic and Mediterranean and founder- 
ing during their passage of the North Sea and the Bay of 
Biscay. ‘These accidents have frequently been attributed 
to overloading, but though I am a decided advocate for 
peeping a sharp look out in order to prevent this practice, 
I am obliged to confess that in a great number of instances 
overloading does not to my mind satisfactorily account for 
all such disasters. It should be remembered that in gales 
of wind steamships of the present type are handled differ- 
ently from sailing ships. long as canvas will stand the 
pressure, the sailing vessel in a gale is placed under small 
sail and hove to, with her hatches closely battened down. 
This position, with careful attention to the helm and sails, 
enables the crew to ease the vessel up to any sea which may 
appear more than usually threatening. us she may be 
kept iy comparative Te even though her head may fall 
oft occasionally by an ucky or cross sea. On the other 
ay = ——_— steamer of the Po = is built 
ong and narrow, with large openings in the deck for engine 
room, skylights, and stokebole. Her great length in pro- 
portion to her breadth, prevents her from being hove to, so 
closely as a sailing ship, unless she is helped with enough 
steam to keep her head up to the sea. Therefore any 
accident occurring to the ine is followed by the long 
steamship falling off the wind, which has the effect of 
bringing her broadside to the sea. She is then exposed to 
the full force of the waves, and before any repairs of the 
engine can be effected, the sea often breaks into the engine 
room, rises to the furnaces, puts out the fires, and leaves 
her helpless, or at all events, only dependent on canvas 
which will not enable her to face the heavy seas. I am at 
a loss to understand how it is that such an obvious evil 
should have remained so long without a remedy being pro- 
vided to protect the vessel should the engines break down, 
especially as the cost would be inconsiderable. The engine 
and boiler rooms, containing what may be called the vital 
ports of steam vessels, should at least be as secure from an 
inrus) of water as any other part of the ship; but the 





ice is to cover the skylights with glass, protected by 
and canvas, so that the first heavy sea that comes 

breaks through. If steamships are to be pro- 
m overloading—and it is very proper that this care 
should be exercised—why should not similar supervision 
lead us to considerably raise the engine-room combings— 
protect the skylights with a base formed of iron Venetian 
shutters for the canvas coverings to rest upon, and mate- 
rially increase the size and height of ventilators, which 
might be made telescopic, so that in bad weather, when the 
skylights are closed, a good supply of air for the combustion 
in the furnaces be easily and safely obtained. If these 
things be done, oa at the same time care be taken that all 
the sea-cocks shall be absolutely in view, and gotat ata 
moment’s notice, we shall assuredly hear of fewer steam 
ships foundering at sea. 

CAPITAL AND LABOUR. 

There is a subject towhich I must allude, though the 
serious difficulties that present themselves whenever it is 
fully discussed prevent my entering upon it at any length 
on the present occasion. I refer to the mutual relations 
of Capital and Labour, and to the disturbed condition of 
what is called ‘‘ The Labour Market.”’ This topic has been 
constantly before the public for the last few years, and may 
be said to be of vital importance to the whole community. 
It necessarily affects the estimates of all those who are 
engaged in the construction of public works, or who have 
invested capital in large manufacturing enterprises : it also 
affects as immediately the vast number of workmen em- 
ployed, but the results of a disturbed state of the labour 
market do not stop there. They extend to dealers in com- 
modities and to consumers of articles of daily necessity, the 
prices of which are ultimately regulated by profits or wages, 
so that the present uncertainty of market prices, and the 
consequent suffering of a large part of the population, is to 
a great extent caused by the equally injurious uncertainty 
of the price of labour and the profits on capital. I cannot, 
of course, presume to attempt any complete solution of 
difficulties that vary according to the special conditions of 
each particular industry, but I may be permitted to offer a 
few remarks on the effects of the unsettled state of labour 
on mining and mechanical works such as those which I am 
called upon to direct. Let me at once admit that, in my 
opinion, the workman has a just right to sell his individual 
labour for its highest value. It is only by acknowledging 
this right that we can assert the equally obvious claim of 
the employer to regard that labour as one of the necessary 
commodities which he has to buy, and to obtain it as eal 
as may be possible. I am not discarding the notion that 
there may and should be another element in the relation 
of employers and employed. Doubtless there should exist 
a mutual sentiment, which, where it is present, has a very 
powerful influence in uniting masters and men. But we 
cannot forget that, in order to do this, the sentiment must 
be really mutual, so that it will result in an intelligent 
regard for each other’s interests. Such sentiments of re- 
ciprocal regard and goodwill may follow when each party 
concerned allows the just claims of the other; when em- 
ployers are willing patiently to listen to reasonable requests, 
and are not too ready to refuse all concessions, even though 
they may be warranted by circumstances; when workmen 
are both willing and able fairly to estimate the position of 
employers, at times of keen competition or of slack demand, 
pn to abate pretensions to increased pay or diminished 
hours of labour, if either one or the other involve imme- 
diate serious loss and the depression of an entire industry. 
At present, however, we have to deal, not with the possible 
sentiments, but with the hard facts of the case. The effect 
of recent combinations of workmen has been to deny the 
just right of employers to regard either wages or labour 
as a commodity. At the same sime, it is constantly affirmed 
that those who have labour to sell are entitled so to regard 
it, and to insist on selling it dearly, or even at a factitious 
price. This distorted view of the question leads workmen 
to regard with extreme jealousy and dislike any appearanee 
among employers of that combination to which they them- 
selves constantly resort. Let us suppose, however, that all 
the employers e in a particular industry were to 
combine for the purpose of obtaining high prices, just as 
workmen do for obtaining high wages. Let us suppose 
they were to do so at a time when large contracts for im- 
portant works had to be given out. If they were to follow 
the line of those whom they employ they would abso- 
lutely in fixing the amount of their tenders for those con- 
tracts, and the company issuing them would be entirely in 
their hands. But let us go a step further, and imagine 
masters not only adopting the principle of combination, but 
actually combining with the workmen, who had already 
fixed the amount of wages throughout an entire district. 
The result would be that masters and men together could, 
theoretically, fix any price that they chose to demand for 
works of every description. Such an illustration appears 
so extreme as to reach to absurdity, but it at least shows 
what would be the result of combination carried to a com- 
plete issue. The consequences would of course be, the ruin 
of entire industries by foreign competition, or if by a wild 
stretch of imagination we fancy all the industrial markets 
of the world joined in a trades’ union combination, all we 
should effect would be a change of the names of values. 
Nobody would be the gainer, though great suffering would 
have been undergone in the process. ices of commodities 
must eventually follow the prices of labour and the prices 
of capital. I ht to apologise for stating so obvious a 
proposition, but I desired to arrive at the equally obvious 
fact that competition is the real antidote for combination. 
In manufacturing and mercantile affairs competition is in- 
separable from progress and general improvement. In 
many cases tenders must be sent in some months before the 
period for commencing the work. Should that work be 
such as the manufacturer is in the habit of supplying, the 
usual method of estimating prices is simple enough. He 
adds to, or- deducts from, the amount of outlay, as calcu- 
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lated from the last transaction of the same kind, the sum 
which represents the difference in the present cost of mate- 
rial and wages, and to the amount thus obtained adds the 
proposed profit on the transaction. It is easy, therefore, 
to see how a subsequent demand for peat g wages may 
turn into loss, profits calculated on contracts that will pos- 
sibly be twelve months or more in course of completion. It 
is this continued insecurity which is now seriously affecting 
some of our great manufacturing industries. A master 
who ventures to demur to a demand for ~ Ww is 
likely to be the victim of a strike which will entail still 
heavier losses, and this consideration may cause him to 
yield, notwithstanding that competition and the already 
enhani cost and restricted hours of labour may, at the 
best, have left him only a trivial return on capital, plant, 
and machinery. It can scarcely be wondered at that this 
state of things should perpetuate bitterness of feeling. It 
is not surprising either that the master who yields to exor- 
bitant demands, in order to save his contracts, and finds 
that he has for months to brood over his losses, is apt to 
remember his enforced concessions, when he is more free to 
refuse what may be juster claims. The constant recur- 
rence of strikes, and the uncertainty of the labour market, 
have, in fact, changed the course of business, and under- 
mined all systems on which contracts were formerly entered 
into, without leaving room for any settled plan to take their 
place. Forward contracts for materials can no longer be 
readily secured, the cost of wages, which is one of the most 
important calculations in estimating profits, cannot be 
determined, and within a few days, or at a fortnight’s 
notice, a master may find his capital lying idle, his ma- 
chinery unemployed, and his whole factory an unremunc- 
rative investment. This, then, is the pees position of 
employers and employed towards each other, but I am 
bound to confess that it would be unfair to cast all the 
blame upon the men. In this as in almost every conflict 
between persons who have learned to regard each other 
with suspicion, there are faults on both sides. It cannot 
be denied that “‘ temper’’ has been a very potent element in 
causing and prolonging some of the larger strikes with 
which the country has been afflicted. In such disputes the 
main points of discussion are too often lost sight of, 
because of the desire of each party to “‘ gain the day.’’ As 
long as this feeling exists, so long will strikes continue. 
While masters and men have no confidence in each other, 
the men will periodically abandon work and fall into 
poverty and want, while masters will have to look at silent 
workshops. This subject has occasioned me much painful 
thought in relation to several works over which I have con- 
trol, and where I find that the endeavour to sustain satis- 
factory relations with a large number of workmen is by no 
means the least of the responsibilities. That mutual confi- 
dence which is, in my opinion, essential to truly successful 
work in manufacturing enterprises, seems to be further and 
further from realisation ; for some of the rules laid down 
by trades’ unions are incompatible with justice, not only 
to the masters, but to the men themselves. How can it be 
otherwise when the ingenious, skilled mechanic can only 
demand the same rate of pay which is the wage of the un- 
skilful workman? The union rate of wages is fixed, with- 
out regard to the ability of the worker to produce, either 
in quantity or in quality, labour that shall be of higher 
value to his employer. There is no need to point out how 
inconsistent this system is with the constant (and true) 
assertion that labour is a commodity. What should we 
say, what would the workmen say, if. any combination of 
dealers ordained a level and unyielding value for com- 
modities, for food, drink, and clothing, without regard to 
their true worth, or the conditions of supply? The result 
of this arbitrary control of wages is, that good workmen, 
who are compelled to receive less than A oe are worth, 
naturally regard their position as being unsatisfactory, and 
their advantages as valueless. The denial of the right of 
masters to pay, and of men to receive, higher wages for a 
better class of work, or for a larger quantity of labour per- 
formed by those who would rather remain at their business 
than waste their time, is a great evil for workmen in manu- 
factories. A scarcely less miserable effect of the demand 
that labour shall be paid for, without regard to quality, is 
the tendency to deterioration in the work itself. A good 
workman must have a very decided sense of responsibility 
to induce him to take as much pains with the work he 
turns out as he would do if he knew that he would obtain a 
reward in proportion to his display of ability, especially 
when he knows that the man next him is (through in- 
capacity) turning out inferior work, and yet can demand as 
high wages as he is himself receiving. And we must re- 
member that the uncertainty of the demand for wages, and 
the consequent necessity of adding a sum of money to con- 
tract prices in order to meet possible contingencies, in case 
of strike, give a premium to foreign competition, while any 
deterioration in British workmanship removes the only 
advantage which we are able to claim in comparing our own 
and foreign productions. To this point I called special 
attention in a letter which was read to the workmen at 
Newcastle in 1871, and the statement I then made has, I 
regret to say, been more rapidly verified than I predicted ; 
by the experience of manufacturers in their competition 
with foreigners, and by my own observation while I have 
been abroad, of the great increase of foreign engineerin 
and shipbuilding works, in places which recently sponded 
on this country for their supplies. With reference to that 
other vexed question, the reduction of the hours of labour, 
I can — only in relation to my own experience. I 
believe, however, that I shall be supported by the experience 
of others engaged in manufactures, when I express 
the — in the long struggle which took place in 
the North, in the co af part of 1871, the opposition of the 
masters was directed less to the shortening of working 
hours per day, than to the loss of time which they foresaw 
would ensue, for they knew by experience that the — 
to earn the same amount of wages in shorter hours w 
increase the tendency to make “‘ idle time.”” It is as they 
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feared, for the effect of diminishing the hours of daily labour 
has been also to diminish, in a greater proportion, the 
quantity of work produced, so that machinery and floating 
capital has suffered loss by ently lying unproductive, 
even during those hours when the men are supposed to be 
at wok. Thus it bob gs semen 7 case that dis of “ 
wages produces no increase 0! » and 1s Of my 
actual Myenefit either to the men or to their families. It is 
for want of knowing what are the true effects of some of 
the changes demanded and conceded that the general public 
cannot duly estimate the relative position of employers and 
workmen during the conflict which precedes and the crisis 
which follows a strike. For instance, at the time that the 
ed ‘nine hours’ movement’’ was the assumed basis 
of the men’s demand, it was generally supposed by the 
public that mechanics and labourers in engineers’ shops 
were actually working 59 hours a week. It is true that 
these were the hours fixed by the masters and agreed to by 
the men, but, as a matter of fact, they were seldom really 
worked, and in many large establishments it is well known 
that the average of working hours per week were actually 
fewer than would have been represented by nine hours a 
day, or the 54 hours per week which the men demanded. 
These disturbed relations of labour and capital are among 
the most difficult, and at the same time, the most important 
questions to which those who are enga in engineering 
work have to address themselves. Important, because they 
stand related, not only to the material of our national 
wealth and enterprise, but to the well-being of hundreds of 
thousands of our fellow-counfrymen. Difficult, because 
they have to do, not with mechanical operations, nor with 
inventions for directing and adapting vast physical forces, 
but with the sentiments, the duties, the prejudices, and the 
responsibilities of working men. I wish that I could now 
hope to offer a solution even of the least of these difficulties. 
I am convinced that none can be found in the combination 
of class eames class, or in the ‘‘ defensive’’ policy which 
always ends in aggression. While the representatives of 
each side are combining and encouraging each other to 
resist encroachments, or to do battle for supposed advan- 
tages, which may after all be disastrous alike to capital and 
to industry, there is a great and persistent invasion by 
foreign competitors, who, knowing more of economic 
science, or being less under the dominion of “‘ unions,’’ are 
thus enabled to carry off the spoil. Doubtless the spread 
of better and truer education may help to remove errors 
which keep up a ruinous antagonism between those who are 
mutually dependent ; but it will only be after many years, 
and in another generation, that this irresistible force will 
achieve its results. We must endeavour in the mean time, 
while we are promoting the spread of knowledge, to lessen 
evils which lie at the root of the mischief that we deplore. 
It would be useless to conceal the fact that the unsatisfac- 
: — condition of the labouring classes, their social position, 
and their failure to profit by the claims which they have 
combined to secure, is to be attributed to the abuse of a 
luxury to which, in moderation, every working man is en- 
titled. This is why no shortening of working hours, no in- 
creased rate of pay, obtains for them and for their families 
the advantages that should be derived from the greatest 
leisure for self-culture, and the improved means of making 
comfortable homes. Till this great evil be mitigated there 
is no hope for that improved condition of the working 
classes for which our legislators are looking. The mischief 
must be dealt with at its root. Increased means of in- 
struction, better houses (provisions I strongly advocate), do 
not touch the question for the present generation. The 
men themselves have the cure in their own hands, and it 
can only be effected by their own strong determination to 
stamp out the cause of so much unhappiness. If this 
should be effected we shall have. genuine sympathy and 
mutual confidence between masters and workmen, instead 
of continued ill feeling. The settled working hours will be 
more png | observed. Plant, capital, and machinery, 
which can only be remunerative whilst employed, will ys 
better utilised. By moderation in living the physique of 
the men will be improved, they will be able to earn more 
wages by time, and the masters will be able to afford higher 
pay. _ They will have the means of providing healthier and 
appier homes, and by the inauesel and regular economy 
of time and capital will enable manufacturers to produce 
their commodities at a rate that will put the country ina 
position to meet foreign competition. I do not speak 
poms, but in sorrowful earnest, and I know that there 
are a large number of good men to whom these remarks 
will not apply ; let me say, therefore, that it behoves us who 
have had superior opportunities, better culture, more imme- 
diate means of surrounding ourselves with refining in- 
fluences, to prove that we are, at least, learning to over- 
come Be wear and patiently to take every reasonable 
method of proving to the men whom we have to employ, 
that we entertain no animosity inst them. hese 
results, however, can only be attain by forbearance. Let 
those who think themselves most aggrieved be the first to 
practise patient hearing and temperate acting, for these 
will be the best claims for being listened to when the time 
comes either for asking reasonable concessions, or for re- 
fusing inordinate demands. Imperfectly as I have touched 
some of the most important topics which at present engage 
the attention of our profession, I am compelled to omit 
many others perhaps equally important. Unless I were to 
extend my remarks to such a length that I could scarcely 
hope for your kind attention, it would be impossible for me 
to enter upon such subjects as those of the enormous ad- 
vances of telegraphic engineering and electric science, both 
of which are still making such vast strides, that they form 
a distinct, though not an altogether separate branch of our 
profession. Amidst the number and variety of the great 
works yet to be effected for the benefit of mankind, every 
h , 


member of the profession has “‘ and scope 
and if I have succeeded in bringing before you twa or Shsed 
important subjects which may claim ‘your earnest after. 





thought, I shall have increased reason to be glad at wen 
ove tkeoaeah me by placing me in the position which I 
now occupy, and that your courtesy has enabled you 
to hear me with an attention for which I heartily thank 
you. 





THE VENTILATION OF RAILWAY 
TUNNELS. 
Art the eighth ordinary meeting of the present session of 
the Institution of Civil Engineers, held on the 18th of 
January, Mr. Geo. Rob. Stephenson, President, in the 


chair, the paper read was on ‘‘ The Ventilation and Work- 
ing = Railway Tunnels,’’ by Mr. Gabriel James Morrison, 
. Inst. C. 


The proper ventilation of any space consisted in the 
supply of so much fresh air, ata suitable temperature, that 
the impurities occasioned by the presence of animals, or by 
any other cause, might never be injurious to health or un- 
pleasant to the senses. this wd pure air was con- 
sidered to — 3s ere 4 -_ mic = in 10,000, le 
percentages of oxygen and of ni ing —— 
21 and 79 by volume. The coubesines of the fuel in ped 
nary locomotives gave rise to carbonic acid, carbonic oxide, 
sulphurous acid, and, if the fuel contained hydrogen, to 
water, by the combination of the various elements with the 
oxygen of the air. One pound of carbon generated 31} 
cubic feet of noxious gas ; in the case of complete combus- 
tion this was carbonic acid containing 31} cubic feet of 
oxygen, but when the combustion was incomplete the result 
was carbonic oxide containing 15} cubic feet of oxygen. 
One pound of sulphur in burning combined with 12 cubic 
feet of oxygen formed 12 cubic feet of sulphurous acid. 
The amount of the organic exhalations was almost infini- 
tesimal compared with that caused by the locomotive, and 
—_ be neglected. 

he amount of fresh air that must be added to reduce 
the proportion of impurities, when generated, to such a 
point as would prevent them from being injurious or un- 
pleasant was next discussed. When the enormous quantity 
necessary for this purpose was considered, it might be sup- 
posed there must be some mistake, because existing tunnels 
were tolerably well ventilated ; but with natural ventilation 
the result was obtained with a far smaller expenditure than 
was necessary when artificial ventilation was introduced, 
articularly inshort tunnels. In the case of natural venti- 
tion, the vapour from the —. was hotter and lighter 
than the air, and at the ends of the tunnel the impure air 
found an exit at the top while fresh air ente at the 
bottom ; and thus the tunnel was kept tolerably clear and 
wholesome by an interchange of air, which would have an 
inappreciable effect if introduced and allowed to mix 
thoroughly with the products of combustion. Wherever a 
double current existed at the ends of a tunnel, the purifica- 
tion of the air was being carried on in the most economical 
manner, and should not be interfered with. 

Cases were then considered of the amount of air that 
should be admitted into a tunnel to keep down the propor- 
tion of impurities to a point at which they would be harm- 
less, in the course of which it was contended that the atmo- 
sphere of the Metropolitan Railway was not actually un- 
wholesome or injurious to health. The author next discussed 
the means to be taken to introduce fresh air into a tunnel, 
the power required to effect this, and the amount of traffic 
that could be carried on without rendering the air unwhole- 
some. The best oye green for applying the power, so as 
to insure the supply a@ proper amount of fresh air, was 
shown to be by oe some means of withdrawing the 
air from the centre of the tunnel. Where this method 
could be adopted, no other could could compete with it. No 
valves or doors were required. The air entered at the ends 
of the tunnel ; and as the tunnel was filled from both ends, 
the speed necessary to give a proper amount of ventilation 
was only one-half what it would be if the current entered 
at one end and passed out at the other. This system had 
been adopted at the Lime-street tunnel, Liverpool. That 
tunnel was about 1} mile long and the air in it was entirely 
changed in eight minutes by a fan. There was a consider- 
able incline. The engines going uphill burned a large 
amount of fuel, but those going downhill consumed ve 
little. The coal-burning traffic was conducted in one di- 
rection only. When the fan was not at work the tunnel 
cleared itself by natural ventilation in forty-five minutes. 
It was shown that for short tunnels, with trains every few 
minutes, or for very long tunnels, with a smaller number of 
trains, this intermittent system would not be suitable. In 
the case of the Mont Cenis Tunnel 7.6 miles long, with six- 
teen trains per day, consuming on the average 35 lb. of 
carbon per mile, the tunnel would have to be filled once for 
each train that passed through. With the existing traffic, 
there did not seem to be any urgent necessity for artificial 
ventilation; but if the traffic should ever reach twenty 
trains per day, mechanical ventilation would probably be 
an absolute necessity. Even at present the workmen in 
the tunnel occasionally suffered severely from local accu- 
mulations of carbonic acid. To remed. this state of matters, 
a pipe 8in. in diameter had been laid through the tunnel. 
Air was forced into this pipe, and there were cocks at in- 
tervals, to supply the workmen with freshair. If artificial 
ventilation became necessary, a current would have to be 
made to traverse the tunnel from one end to the other. 

It was concluded that if the methods for working long 
tunnels continued to be the same as were now used in the 
open air, then, even with the aid of artificial ventilation, a 
tunnel 7 miles long was about the longest through which a 
large quantity of heavy traffic could be passed without in- 
convenience to the passengers. If ashaft and the ventila- 
ting apparatus were in the centre of the tunnel a great 


advantage was ear not only in convenience, but in 
power. A tunnel of 14 miles in with a shaft in the 
middle was equivalent to two of 7 miles each, need- 


ing therefore for ventilation twice the power required for | 


one tunnel of 7 miles ; while a tunnel of 14 miles required 





sixteen times the power, not_ to mention other difficulties. 
In the case of a tunnel 22. miles ventilated by a cur- 
rent of air having a velocity of 10 miles per hour, the in- 


dicated horse- of the engine would have to be 900. A 
tunnel of this length could be entirely cleared in about two 


hours, no matter howfoul it had been previously. The 
different methods of exhaustion, which was considered best 
for the purpose of ventilation, were then considered, and 
various kinds of fans referred to. Means for removing the 
impurities generated by an ordi locomotive were dis- 
cussed. One pound of Time was one of absorbing about 
4 lb. of carbonic acid, so that with about 150 lb. all the 
carbonic acid given off per train mile would be absorbed. 
The hot-water locomotive had been suggested as fit for 
such work, and boilers with a receptacle inside for a mass 
of red-hot iron, or heated fire-bricks ; but these and the 
compressed air engine were shown to be inadmissible. The 
pneumatic = would involve all the trouble and ex- 
mse of ventilation, and would not give as great facilities 
or working as many others ; and the difficulties attendant 
on the atmospheric system were detailed. It was con- 
tended that the rope presented the most feasible method of 
worki -"-* 

Finally, the author concluded: 1. That when long 
tunnels without shafts had to be ventilated, a current of 
air should be caused to pass through by means of a fan 
placed near one end, that end being closed by doors. 
2. That for a given amount of traffic the power re- 
quired to ventilate long tunnels varied as the fourth power 
of the length. 3. That when a long tunnel had to be 
ventilated, it was more advantageous to have a double-line 
tunnel, with trains in both directions, than two single-line 
tunnels, each having trains in one direction only. 4. 
That for every tunnel there was a limit to the amount of 
traffic that could be carried by locomotives, beyond which 
ventilation became impossible ; that when this limit had 
been reached, some tractive power other than cont-Roraneg 
locomotives must be employed ; and that this limit coul 
not be definitely fixed, but that for a tunnel of 22 miles in 
length, it did not exceed a total of twenty trains per day. 


SLAG WOOL. 
To THE EDITOR oFr ENGINEERING. 

Srr,—Tht first patent for this material was taken out 
by Mr. Geo. Parry, of the Ebbw Vale Iron Works, in 1864, 
and a second in 1870 by G. T. Bousfield, and a third I think 
a little before this latter date by the late Mr. John Player, 
formerly of the Norton Iron Works in this district. 

Mr. Parry madeI believe a good deal, but no market 
was found for it, and it was abandoned. Should a 
market spring up, I shall be happy to make any quantity, 
as the process is well unders and very simple. 

Yours ys ; 
CHARLES Woop. 
Tees Iron Works, Middlesbrough-on-Tees. 
January 18, 1876. 


CHAIN-MAKING MACHINES. 
To THE Eprror or ENGINEERING. 
S1r,—Can you or any of your correspondents oblige me 
with any information as to the kind of machine used for 
making chains for differential pulleys, and the name of the 
maker of such machines ? : 
T am, Sir, yours — 


ie 
53, Chancery-lane, London, W.C., January 16, 1876. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
bo attendance on ’Change at Middlesbrough, but very 
little business was done. e market was weaker, No. 3 
Cleveland pig being quoted 52s. 6d. per ton. There is a 
fair inquiry for pig iron, but untiljthe finished iron trade 
improves there cannot be any rise it the prices of pig. 

The Finished Iron Trade.—N) material change has 
taken place in the finished trade. At some of the works 
there is more activity, but there is still a large number of 
men in the North o' land out of employment. It is an 
ugly fact and one indicative of the true position of affairs, 
that the extensive finished ironmaking plant of Messrs. 
Bolckow, Vaughan, and Co., one of the largest firms in the 
kingdom, is idle for want of rail orders. 

The Question of the Wages of the Ironworkers.—As we 
have already mentioned the Board of Arbitration for the 
North of England have had the iy oy question before 
them. All the information that could be obtained showing 
the condition of the trade was laid before them, and it was 
expected that by this time the arbitrators would have come 
to a decision. The demand of the masters is 15 per cent. 
reduction. Although the arbitrators have not yet given 
their decision officially it is believed that they will decide 
that the reduction should be about 7} per cent. 

Engineering and Shipbuilding.—There is an improve- 
ment in these branches of industry, and it is hoped that as 
the year advances trade will be brisker. On the Northern 
rivers more men are being employed. A good deal of 


acy hae engineering work is in Marine engine 
uilders are busy. 
The Coal and Coke Trades.—The coal and coke trades 


are dull. There are several wages questions in this industry 
before arbitrators, and it is expected that they will soon be 














The Prospects of Trade.—The prospects of trade in the 
North are inly brighter, although the actual improve- 
ment is not yet great. As soon as the wages questions are 
arranged, it is confiden i that orders which 
have been kept back will come into the market, and that 
oar will be in a position to compete successfully for 
wor’ 
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DETAILS OF TANK LOCOMOTIVE FOR THE L. B. AND S. C. RAILWAY. 
CONSTRUCTED AT THE COMPANY’S WORKS, BRIGHTON, FROM THE DESIGNS OF MB. W. STROUDLEY, LOCOMOTIVE SUPERINTENDENT. 
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In accordance with the promise made last week, we now 
give engravings on the present page and pages 49, 56, and 57 
of some of the leading details of Mr. Stroudley's “ Class D” 
tank engines for the London, Brighton, and South Coast 
Railway, of which engines we then published general views. 

In describing the details of the engines under notice, we 
may commence with the boiler. The longitudinal joints of 
the barrel are double rivetted butt joints, with inside and 
outside covering strips, the outside strips being countersunk 
nearly through so as to shorten the parallel portion of the 
rivets and to insure a good fit. The rivets are driven into 
the countersinks by flogging hammers, and are brought much 
more closely home than can be done by ordinary hand work. 
In the case of the ring next the firebox, the longitudinal 
joint is made at the top, and the outside covering strip is 
welded up to the flange of the dome ring as shown in the 
longitudinal section of the engine published last week. The 
dome ring itself (see detail view, Fig. 18, page 57) is very 
much stronger than those usually adopted, it being of such 
dimensions as to bring up the sectional area of the metal 
across the manhole to be slightly in excess of the area due 
to a solid plate. It will be noticed from Fig. 18 that 
the inside butt strip, at the joint of which we have 
just been speaking, is prolonged so as to form a 
support for the regulator. The heavy flange to which 
the dome cover is screwed is carefully scraped, and the 
dome fitted to it, so that only a little boiled oil is 
required to be wiped over it toinsure a perfectly steam- 
tight joint. We may remark here that the whole of the 
bolted joints in the engines are, without exception, fitted 
by a scraping tool, so that no red lead or any other kind of 
cement is used to make a joint, a little boiled oil only being 
wiped over the surfaces to prevent rust. 

Mr. Stroudley has for a long time made it a practice to 
drill all the rivet holes in his boilers, the holes being drilled 
after the plates are put together, so that they are perfectly 
true. At the Brighton Works, the drilling of the rivet 
holes is done by a radial drilling machine. : 

Of the. firebox and firebox casing, we give detail views 
in Figs. 1 and 2 on the present page, and referring 
to there views, it will be seen that the firebox crown slopes 
downwards towards the rear, so that there is a greater 


























depth of water over the plate at the part where the fire 
acts upon it most strongly ; the back-water space also is 
made very wide at the top so as to facilitate the free e:cape 
of steam at this point. The tube plate is flanged wider than 
the back plate of the tirebox so as to enable a greater number 
of tubes to be got in than could otherwise be done. The 
side plates in the immediate neighbourhood of the tube plate 
are also bulged outwards at these points so as to allow of 
the tubes being ferruled, the other parts of the side plates 
being, however, well inclined inwards so as to get wide water 
spaces. 


























The firebox crown is flat for a small portion of its width, 
and then joins the sides with curves of large radii, as shown 
in the cross section, Fig. 2 above. The crown is stayed 
to the outer casing by 90 wrought-iron stays { in. in dia- 
meter between the screwed portions, the latter parts being 
1; in, and 1, in. in diameter respectively, as shown by 
the enlarged detail view, Fig. 4 annexed. When the 
system of staying the firebox crown by means of direct 
oblique stays to the outer shell was first introduced, 
some difficulty was experienced in passing the stays at 
an angle through the copper plate, as it was found impossible 
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to make a thoroughly water-tight job by means of the 
bevelled washers, cutting away the plate and other devices 
which were employed. Mr. Stroudley, however, to obtain 
a fair hole for the stay, has introduced the plan of dishing 
out the copper for a small circle about 1#in. in diameter at 
each stay so as to bring the plate at right angles to the 
latter. This is done after the holes are drilled in the fire- 
box, and before the latter is placed in position, the system 
being as follows: A frame of iron is placed around the firebox 
in exactly the same position relatively to the latter as will 
be occupied by the shell of the boiler, this frame having at 
one edge notches made init, which will hold theend of a man- 
drel. This mandrel has a small tail-piece which passes into 
the hole in the copper plate to be subsequently occupied by 
the stay, and a second mandrel having a hole in its centre 
is placed against the inside of the firebox, being guided by 
the small tail-piece already mentioned. The two mandrels 
thus have the copper plate between them, and when struck 
by a hammer they readily set this plate so that a small 
circle is forced into a position exactly at right angles to the 





line of the stay. This being done the hole can be readily 
tapped, and a fair bearing is secured for the collar on the 
stay, and for the nut on the upper side of the plate. This 
modeof obtaining a fair hold for the stays makes a thoroughly 
good job, and Mr. Stroudley informs us that he never knew 
a stay so fixed to leak in the slightest degree, although some 
boilers fitted with them have been run so short of water as 
to melt out the lead plug. 

We may add that the holes for the roof stays of which 
we have just been speaking are at the Brighton Works tapped 
by means of a tap about 3 ft. long made express!y for the 
purpose, this tap passing through the holes in the plates of 
both firebox and firebox casing, so that the threads are per- 
fectly fair. The outer ends of the iron stays are drilled off 
while those of the copper stays are cut off by a special 
cutter. Mr. Stroudley, we may remark, is very particular 
about the quality of all copper used for stays, and about 
the manner in which the latter are put in, and he saves him- 
self much trouble in consequence. 

Figs. 1 and 2, on page 48 also show the mode of staying 



















N, FROM THE DESIGNS OF MR. W. STROUDLEY, LOCOMOTIVE SUPERINTENDENT. 


the back plate of the firebox, 
this being done by stays having 
one end flattened and rivetted to 
the crown of the firebox casing, 
while the other ends are rivetted 
ioto countersunk holes on the 
back plate. The same views also 
show the position of the firebrick 
arch and the arrangement of the 
firedoor. The door, it will be 
noticed, covers the lower half of 
the fire hole only, but the latter 
is also fitted with an internal 
deflector plate of cast iron which 
can be set at any desired angle by 
means of the handle and notched 
quandrant shown in the longi- 
tudinal section of the engine 
which we published ‘last week. 
The fire-bars are of the section 
shown by Fig. 8, page 48, and 
the adjoining Figs. 1 and 2 will 
explain how they are carried. 
Mr. Stroudley has for a long 
time discarded the use of gauge 
cocks, and made it his practice 
to fit his engines with two gauge 
glasses instead, as shown in the 
elevation of the engine back on 
page 26 of our last number. 
This is, we consider, a decidedly 
good plan, as, if a gauge glass 
breaks a driver can go on work- 
ing with the other glass and 
replace the broken one at his 
convenience. 

The regulator for the engine 
‘ under notice is shown by Figs. 

4 17 to 22, on page 57, while 
Figs. 5 and 6, on page 48, 
show the handle and stuffing- 
box. The regulator, as will be 
seen, is made on the plan used by the old firm of Sharp, 
Roberts, and Co. for many years, and differs only 
in having a much larger centre point. This alteration, 
however, produces a much more even wear on the surface, 
as the difference between the extent of movement of the 
inner and outer circumferences is much lessened. In fact, 
in practice these valves are found to remain almost abso- 
lutely tight. The main valve of this regulator gives an 
opening of 10 square inches, and it is fitted at the back with 
a small cast-iron valve giving an opening of 4 square 
iuches area, the large valve not moving until this small 
valve has opened to its full extent, and thus placed the 
larger valve in partial equilibrium. The general details and 
dimensions of the regulator are fully shown by the Figs. 17 
to 22, to which we have already referred. 


The stuffing-box for the regulator handle, shown by 
Figs. 5 and 6, page 48, has some special features. The 
stuffing-box is of brass, having a projection passing into 
the boiler, and it is fitted with a spindle also of brass, having 
a socket cast on its inner end. This socket has a square 
hole fitting freely on the end of the regulator rod, and a 
collar faced to bear against the inner end of the stuffing- 
box, Thiscollar acts like a valve, it being held up against 
the end of the stuffing-box by the steam pressure. The 
regulator rod being a free fit in the socket of the brass 
spindle, does not interfere with the collar on the latter 
bearing fairly against its face, and in practice it is found 
that stuffing-boxes so made give no trouble and remain per- 
fectly tight for a year or two at a time. The stops for 
arresting the motion of the regulator valve when opened 
or closed are cast upon the regulator head itself, and thus 
the unsightly external quadrant is dispensed with. As 
shown in Figs. 5 and 6 the two gland studs serve to hold 
on a neat cover plate bearing the words “ open” and “shut” 
to guide the men as to the position of the regulator when 
the engine is out of steam, the nuts holding this plate being 
available to draw the gland and take off the regulator 
handle when required. 

The boiler is fitted with two safety valves each 2} in. in 
diameter, these valves being Adams’ patent. They are 
found to act with great certainty and are sufficient to re- 
lieve the boiler under any circumstances. Mr. Stroudley, 
we are glad to notice, is an advocate for small valves with 
short levers and long spring balances. Some ten years ago 
(vide page 320 of our first volume) we showed the fallacy 
of supposing that anything was gained by the employment 
of large valves with long levers unless the spring balances 
were made proportionately more elastic, but nevertheless 
such valves are still used in connexion with short spring 
balances by those who have never considered the subject. 

Last week, when describing the general arrangement of 
the engines under notice, we referred incidentally to the 
manner in which Mr. Stroudley had managed to get the 
cylinders very close together, and yet place the valves be- 
tween them. “The detail views Migs. 7 and 8, which we 
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now give on page 49, will explain clearly the construction 
adopted. The cylinders are 17 in. in diameter, and are 
only 2 ft. 2 in. from centre to centre, so that the cranks are 
kept well together and long bearings obtained for the 
driving axle. The distance between the valve faces is 
only 44 in., and to avoid any throttling of the exhaust the 
latter is split, one half being discharged directly upwards, 
while the other half parses around the cylinder, as shown 
on the left-hand side of Fig. 7, page 49. In fact, as will 
be seen on reference to the longitudinal section of the 
engine which we published last week, there are two sets of 
steam and exhaust ports to each cylinder—one set being 
above and the other below the centre line; the valves, 
however, extending from top to bottom, and covering both 
sets of ports. Inthe tank engine we are now describing 
part of the exhaust steam is led off tothe tanks to 
warm the feed water, the pipes for this purpose being 3 in. 
in diameter, and being connected to the exhaust passage as 
shown on the left-hand side of Fig. 7. Of course an ex- 
haust passage round a cylinder is not a desirable thing on 
the seore of the economical use of steam, but in the case we 
are describing this passage brings the exhaust steam in 
contact with but a few inches of the length of the cylinder, 
so that its effect is the less important. 

The steam pipes are double, one leading into the back 
of the steam chest on one side and the other intothe front 
of the steam chest on the other side, thus avoiding com- 
plicated passages which are sometimes provided to connect 
the ends of the steam chest. The valves are provided with 
flanges at their lower edges, these flanges working on 
planed raised surfaces provided for them. This prevents 
the valves from wearing down and putting the edges of the 
ports out of line. 

We may mention herethat the centre of the valve face 
is placed somewhat forward of the centre of the length of 
the cylinder, so that the combined capacity of the ports and 
cylinder up to the point of cut off in ordinary working gear 
is the same for both the forward and backward stroke. 
Thus, in the engine under notice, the centre of the valve 
faceis 1} in. in front of the centre of the cylinder, thus 
adding 1} in. to the length of the back ports, the capacity 
of this length of port being just sufficient to compensate 
for the difference in the position of the piston at the ordi- 
nary point of cut off during the backward and forward 
strokes due to the angularity of the connecting rod. This 
arrangement gives a very even “beat,” and is adopted 
by Mr. Stroudley on all his engines. 

The cylinders are cast with the hind covers, brackets for 
motion bars, and stuffing boxes all solid, the hind covers 
being dished inwards to correspond with the form of the 
piston as shown in Fig. 8. As will be seen from the same 
figure also, the front covers are made very light and are so 
formed that if struck by the piston at all they will be first 
struck at the centre and be thus broken away without 
fracturing the cylinder. Instead of employing bolts to hold 
the cylinders together at the junction of the valve spindle 
stuffing boxes, Mr. Stroudley uses a wrought-iron hoop 
carefully slotted to fit round the stuffing boxes and then 
shrunk on, this making a very firm job. The brackets for 
the leading springs are cast in one piece with the cylinders, 
and sand pipes are also cast with them as shown on the 
right-hand side of Fig. 7. This latter arrangement is 
adopted because, owing to the position of the leading wheels 
and the brake blocks on the front side of them, it is neces- 
sary to bring down the sand pipes inside the frames. 

A very good arrangement is employed in planing these 
cylinders on the flanges where they come together, a tongue 
being formed on .one side, and a corresponding groove 
on the other at the bottom of the steam chest. This 
secures the parallelism of the cylinders and makes a 
thoroughly good joint. The cylinder covers, it will be 
noticed (see Fig. 8), have a double face with a recess on the 
centre round the line of the studs. This face makes an 
excellent joint, and is left perfectly steam tight from a 
facing tool. The front covers and steam chest covers are, 
as will be seen, hollow, the air space serving to prevent 
radiation of heat, while the back covers are recessed and 
covered with a wrought-iron plate, so as to protect them by 
an air space also. 

The piston rods are made of a special quality of gun 
steel by Messrs. Vickers, Sons, and Co., and can be ex- 
tended 25 per cent., or doubled up close without fracture ; 
their tensile strength is from 28 to 30 tons per square inch. 
The crossheads being forged solid with these rods, the 
pistons are arranged so that they can be readily taken off 
the rods when necessary, the latter being made with a steep 
cone in the piston (as shown in Fig. 8, page 49), and 
secured by a brass nut. The slide bars are of cast iron of L 
section, as shown by Fig. 4 on page 27 of our last number, 
the side flanges on the bars adding greatly to their stiffness, 
and hence to the value of the guiding surfaces. 

Figs. 9 and 10 on page 56 show the construction of the 
eccentrics, these being fixed without the use of keys. To 
effect this the eccentrics are cast in pairs, each pair being 
composed of two parts fastened together by screws, and 
being driven by a projecting claw which laps over the edge 
of the adjoining crank arm. Thus not only is the use of 
keys avoided, but the projecting claw or lug, as well as the 
crank arm, being properly planed to gauge, the eccentrics 
are at once properly set when placed on the axle. The ar- 
rangement is an excellent one. The holes or recesses left 
around the heads of the screws by which the parts are con- 
nected, are, after the screws are in place, filleg in with patent 








giving the full bearing to the eccentric 


use of keys in his axles, the wheels being fixed tore by fore- 
ing them on the axles by hydraulic pressure. Mr. Stroudley 
also fixes his crank pins in a similar way, the rule at the 
Brighton Works being that axles and crank pins shall re- 
quire a hydraulic pressure of 12 tons per inch in diameter 
to force them into their places. It will be noticed on re- 
ference to the plan which we gave on our two-page engrav- 
ing last week, that the driving wheels are placed on their 
axles so that their cranks for the coupling rods correspond 
in position to the cranks of the axle, instead of being 
opposite to the latter as is the more usual practice. This 
system of arranging the cranks has been long adopted by 
Mr. Stroudley, and it has the advantage of materially re- 
ducing the lateral pressure against the axle bearings, thus 
diminishing the wear of the axle-boxes and guides. The 
only inconvenience attending it is that it necessitates the 
employment of heavier balance weights. 

The trailing axle-boxes of the engine under notice are of 
gun-metal, but those for the coupled axles are of steel and 
fitted with brass bearings. One of these latter axle-boxes 
is shown by Figs. 11, 12, and 13 on page 56, while Figs. 
14, 15, and 16 on the same page show the arrangement of 
driving springs. Mr. Stroudley makes it a practice when 
arranging the springs of six-wheeled engines, tenders, &c., 
to make the centre springs more elastic than those a>plied 
to the end axles, the object being to approximate to the 
mounting of a four-wheeled vehicle. In the case of the 
engine we are describing he has adopted volute springs 
for the driving wheels, these springs having a long range 
and thus allowing the axle-boxes to play up and down 
through a considerable distance without materially altering 
the weight upon them. These volute springs Mr. Stroudley 
finds to act remarkably well, seldom or never going wrong. 
Their mode of attachment to the axle-box with a cover to 
prevent the slacking back of the adjusting nuts is clearly 
shown by Figs. 14 to 16, as is also the wedge arrangement 





| for taking up the slack in the hornblocks. 


It will be seen from Figs. 11 and 12, page 56, that the 
axle-box brasses are made of a square form externally, and 
are projected downwards to a considerable depth below the 
centre of the axle, so as to be prevented from clinging to the 
bearing by the keep which fits up between the points, as 
shown in Fig. 12. The brasses are also made so that at the 
top they have a bearing surface only 1 in. wide at their 
centre, and their side flanges being planed taper they are 
left free to rock to a slight extent, and can thus follow the 
inclination of the axle when the latter is thrown out of level 
by any irregularity of the road. This arrangement is found 
to work very satisfactorily. The axle-boxes and hornblocks 
are lubricated from oil-boxes fitted with pipes having union 
nuts at each end, these boxes being placed in a convenient 
position for the driver, as shown in the longitudinal section 
of the engine published last week. From each oil-box one 
pipe teads to each side of the hornblock, and another to the axle 
bearing this latter pipe entering into a corresponding recess 
in the crown of the axle-box. The axle-box flanges, it will 
be noticed, are projected upwards so as to entirely close up 
the sides of the hornblocks, thus preventing dirt, &c., from 
| getting at the working surfaces, and also keeping the axle- 
| boxes perfectly upright. 

Of the remaining details of Mr. Stroudley’s tank engines 
we must postpone our description until next week, when we 
shall give further engravings. 








THE PHILADELPHIA EXHIBITION, 
Amonost the important annexes which will form a part 
| of the International Centennial Exhibition of Philadelphia, 
|the building just completed for the exhibits of the 
| several executive departments of the Government will 
| take a leading place. The illustrations on page 52 show 
| the general design of the building as well as the 
| arrangement of the space. Fiom the plan it will be seen 
| that the structure is 480 ft. long by 340 ft. wide over 
| all, this width being made up by a transept which is 100 
| feet span, while the main body of the building is 180 
| feet wide, divided into bays as shown in Fig. 5. The 
| total area, available for exhibition in the building, is 
85,800 square feet, appropriated as follews: 





Post Office Department .. 6,000 square feet. 

Agricultural Department on Ss te os 

Interior Department ... soo GED os 90 

Smithsonian Institute, and Food 

m - = - did —_ ‘i - 
avy Depar tmen ’ ’ ” 
ar Department 11,200 ‘A is 

Treasury Department 5,000 ,, os 





Total ous «. 85,800 ,, om 
Of these, the exhibits of the War Department will, 
perhaps, be the most interesting, and five ofthe Bureaux 
will contribute—namely, the Engineer, the Ordnance, the 

Medical, the Quartermaster’s, and the Signal Bureaux. 
The first of these divisions will exhibit maps, charts, and 
photographs of the principal works of the Army Engineer 
Corps in carrying out the improvements of rivers and har- 
bours, together with type models, engineering machinery, 
and general plant ; it will show samples of building stone, 
concrete, cements, and timber; examples of pontoon 
bridges and pontoon wagon trains, together with such sub- 
jects as willfully illustrate their employment under dif- 











metal, thus preventing the screws from slacking back and ferent circumstances ; siege and mining tools ; military 


photographic apparatus ; models of lighthouses and founda- 


straps. 
We may mention here that Mr. Stroudley entirely avoids the tions ; dams; snag boats, dredging machinery, and other 


appliances for the improvement of river navigation, besides 
a large collection of maps, reports, charts, &c. 

The Ordnanc2 Bureau will make a large exhibit, certainly 
of high interest, if not of great value. It will comprise 
specimens of heavy and light ordnance, field guns, small 
arms, and ammunition and projectiles of all kinds. What 
will very largely contribute to the interest of this collection 
is the fact that the Bureau intends as far as possible to 
give an historical character to each of the groups exhibited. 
Thus the equipment and arming of the private soldier will 
be illustrated by a long series of lay figures, commencing 
with the uniforms and arms employed in the Kevolutionary 
period, from 1776 to 1800, and continuing through the 
various military eras of the country to the present time. 
Of great interest also will be the collection of gun-making 
machinery, a duplicate of that in use at the National 
Armoury, Springfield. Among this plant will be shown the 

hines first produced by the National Armoury for making 
small arms interchangeable in all their parts, a mode of 
manufacture universally adopted subsequently in Europe. 
All the machines will be furnished with tools and work, 
and they will be shown in operation. In connexion with 
this exhibit will be shown a historical collection of small 
arms from the anti-revolutionary period to the present time. 
Adjoining will be a complete set of cartridge-making ma- 
chinery in operation, and a historical show of cartridges, 
friction tubes, &c. 

Illustrating the science of ballistics will be the Schultz, 
Vignotti, Boulengé, and Benton apparatus for measuring 
velocities, and Rodman pressure gauges for recording powder 
pressures. These will be shown in operation by the dis- 
charge of a rifle through an iron tube, against a suitable 
bulkhead or embankment. The section will also include 
the recoil dynamometer, the apparatus used for deter- 
mining the density of powder, and a series of targets, com- 
prising a model of the present Frankford Arsenal target, 
with a camera for showing the rapidity and ease of reading 
and recording results. 

The firearms will not be discharged in the building, but 
in an adjoining structure known as the Laidley Laboratory, 
which successfully withstood a recent explosion at the 
Frankford Arsenal. 

The exhibition of heavy ordnance will be of necessity a 
very meagre one, because the United States is far behind 
other leading nations in this respect ; indeed they have only 
recently commenced the conversion of their large cast-iron 
guns upon the Parsons system. The 20-in. Rodman will be 
exhibited as the heaviest example of smooth bore ordnance 
hitherto reached, and it will be mounted on its own carriage, 
provided with an hydraulic brake to take up the recoil. The 
weight of this gun is nearly 50 tons, and it will be operated 
by the device of Lieutenant-Colonel J. G. Benton, of the 
Ordnance Department. One of the converted Rodman’s will 
also be shown, and a number of devices for heavy ordnance, 
none of which, however, promise to give very good practical 
results, unless indeed we except the Hitchcock gun, which is 
built up in discs somewhat after the manner of the Ames’ 
gun, with which it will be remembered very good results 
were obtained, 

All cannon will have a complete equipment of sight:, 
sponges, rammers, and staves, gunners’ equipments, &c. 
There will be complete sets of shot, shell, case carcasses, 
grenades for the various calibres now or lately in use in the 
service. It will help the effect very much to have the eye 
begin at the 3-pounder and 6-pounder shot of the Revolu- 
tionary war and run along the vista terminated by the 
recent 20-in. round shot or the 600 lb, 12-in. rifle projectile. 
Where necessary for illustration, these shot, and especially 
the shell and case, will be cut open for examination, 
Among rifle projectiles various patterns of the following 
models will be exhibited, viz., Hotchkiss, Schenkl, Parrott, 
Eureka, Absterdam, Sawyer, Butler, Dana. 

Together with the shot will be shown cartridge bags for 
the various calibres filled with coal of the same sized grain 
as the powder employed in them. These, as well as the shot, 
will be labelled to prevent confusion. In the matter of 
fuses, so little of importance has lately been accomplished 
that a collection of sectional fuses, such as used in the last war, 
will be selected for exhibition. The experimental Butler, 
McIntire, Woodbridge, Frankford Arsenal, and other fuses 
under consideration, may however probably be exhibited, 
although none of them, it is believed, has yet achieved an 
unconditional success. 

In powder it is intended to exhibit in glass jars samples 
of rifle, mortar, cannon, mammoth, hexagonal and prismatic 
powder as now used. Specimens of the prismatic powder 
proposed and made by the late General Rodman in 1857, 
and afterwards, will be exhibited, showing, as they will, 
how he led the way in this important branch of scientific 
research. These jars will be sealed to prevent tampering 
or accident, and other jars will contain powder used in 
heavy guns before the advantage of the large grain was dis- 
covered. There will be exhibited a historical sequence of 
the means employed for firing cannon, as follows; The 
linstock and priming horn ; the linstock, with priming tube ; 
the cannon lock, various models; the friction primer of 
various sizes, and the new cannon primer. A trophy com- 
posed of the pyrotechnics made by the Ordnance Depart- 
ment will be displayed—somethings like the one lost by 
the fire at Washington Arsenal. A model of Rock 
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Island Arsenal will be exhibited. Owing to the great 
extent of the island, this model will only include the 
shops, arsenal reservoir, officers’ and men’s 
and a section of the dam across Sylvan Water, with 
the apparatus for developing and transmitting power. 
This model will represent the arsenal as completed in ac- 
cordance with its present design—the distinction between 
finished buildings and those not yet begun tc be appro- 
priately indicated. 

Such is the importance which is attached to a worthy 
representation of this magnificent work, that it is preferred 
to concentrate all the available means upon it, and to leave 
the other arsenals, and even the armoury, to be represented 
by such detached photographic views, maps, &c., as may 
be desirable. ‘To guard the premises, to explain matters to 
visitors, to assist in making whatever new disposition of 
materials as may be required, for messenger duty, &c., 
there will be a guard of Ordnance soldiers, commanded by 
the proper non-commissioned officers. The collection, 
arrangement, and personal superintendence of the display 
to be made by the Ordnance Department has been in- 
trasted to Lieutenant Henry Metcalfe, of the Ordnance 
Corps, under the direction of the Chief of Ordnance. 

The Medical Department exhibit will be madein a post 
hospital for twenty-four beds, one wing of which will be 
fitted up with beds, bedding, and other furniture as for 
actual service. In the remainder of the building, and in 
the sheds and hospital tents contiguous thereto, will be ex- 
hibited a complete series of the medical supplies used in the 
army, including medicines, medical and surgical instru- 
ments, hospital stores, hospital clothing and furniture, 
meteorological instruments, &c. ; a full set of the various 
blank forins and record books used for official purposes by 
the Medical Department ; a full set of the publications of 
the Surgeon-General’s Office ; selected medical, surgical, 
anatomical, and microscopical specimens, photographs of 
specimens, and rare books from the Army Medical Museum 
and the library of the Surgeon-General’s Office ; models of 
barrack hospitals ; railroad cars fur transportation of sick 
and wounded ; hospital steamboats and steamships; and a 
selection of full-sized ambulances and medicine wagons. 
The reputation of the Medical Department of the Army, 
abroad as well as at home, gives assurance that the con- 
tribution of that department will be more than ordinarily 
interesting to persons interested in medical science, as well 
as the general visitor. The collection isbeing made under 
the supervision of Assistant-Surgeon J. J. Woodward, 
U.S.A., under the di:ection of the Surgeon-General of the 
Army. 

The Quartermaster’s Department will exhibit in detail 
the clothing of the army for every branch of service, and 
will show the Continental uniforms of the American Army 
as now on exhibition in the Clothing Museum at the 
Philadelphia dep6t of the Quartermaster’s Department. It 
will show also all the articles of camp and garrison 
equipage, including tents, flags, mess equipage, musical in- 
struments for each arm of service ; company, regimental, 
and post books, &c.; army wagons and ambulance wagons, 
with harness, &c., complete for service. 

The Signal Bureau will exhibit a full telegraphic train of 
nine wagons, with outfit complete ; telegraphic tower ; in- 
ternational and cautionary signal outfits complete; with 
full assortment of barometers, thermometers, anemometers, 
anemographs, anemoscopes, thermographs, barographs, 
meteorographs, cathetometers, &c. 

The expense of making the foregoing collection and 
preparation of materials on behalf of the War Department 
at large, with that of shipment and establishment at the 
Exhibition, the care and attention while there, and the cost 
of reshipment to their final destination, will be borne from 
the funds appropriated for the Exhibition on the part of the 
whole department. 








THE CLYDE SHIPBUILDING TRADE. 
PROSPECTS FOR 1876. 

Ir will doubtless be of interest to many of our readers if 
we supplement the details which we published on page 18, re- 
garding the shipbuilding trade on the Clyde during the past 
year, by such information as will afford some indication of the 
prospects which that important branch of trade has for the 
year upon which we have just entered. During the last 
quarter of the year 1875, and more especially during the 
month of December, there were very many inquiries for new 
vessels, and no mean proportion of those inquiries have 
terminated in contracts, the execution of which, it is to be 
hoped, will result in a fair remuneration to the contractors. 
It is confidently believed that the worst period of the de- 
pression in the shipbuilding trade has now passed, and that 
better times are in store, beth for the employers and the 
employed. Some general idea of the increased confidence 
that has recently been begotten in the minds of shipowners 
and shipbuilders may be obtained by our readers if we men- 
tion that, during the month of December, the Lancefield 
Forge Company, Glasgow, closed contracts fur no fewer 
than seventeen sets of forgings for sailing vessels and five 
for steamships. It may be mentioned in passing, however, 
that several of the former were for Alerdeen and White- 
haven shipbuilding firms. In the same establishment there 
are likewise two sets of forgings to be commenced for German 
armour-clad steamships. 

The work in hands and the new contracts lately closed 
generally consist of vesse's of a comparatively small average 





size, and a large proportion of them are sailing vessels. It 
is probable that there are nearly 150 vessels of all sizes 


s, | now contracted for, many of which are in a more or less ad- 


vanced stage, although there are a number whose keels are 
not yet laid. Some of the well-known leading firms are 
rather short of orders, but others are exceedingly well stocked 
with work. There is a confident anticipation, however, that 
all will soon be tolerably well employed. 

Starting with the Glasgow district, we first notice the firm 
of T. B. Scath and Co., well known as builders of fast river 
passenger steamers and steam yachts. They have in hands 
a large steam yacht fur Mr. Guthrie, of Idol-lane, London ; 
and two river passenger steamers, one for the Kilmun trade, 
and the otber a large and commodious steamer to replace 
the Bonnie Doon on the Glasgow and Ayr route. The Lon- 
don and Glasgow Iron Shipbuiding and Engineering Com- 
pany have four steamers, three of them being vessels of about 
2000 tons each and 280 horse power, for the Eastern 
trade, to the order of Mr. Alexander, Liverpool, and the 
other being a vessel of about 1000 tons and engines of 
180 horse power, for Messrs. Langlands and Sons’ Glasgow 
and Liverpool line of passenger and general cargo trade. 
Messrs. Dobie and Co., Govan, have in hands six sailing 
vessels ranging from 500 tons to 1600 tons, the total being 
5595 tons gross. Messrs Robert Napier and Sons are 
engaged upon the twin-screw armour-clad, Northampton, 
for the British Government, two composite screw war sloops, 
and one or two other vessels, and several pairs of engines. 
In Messrs. John Elder and Co.’s yard there are the fullow- 
ing contracts-in progress; a twin-screw armour-clad (a 
sister vessel to the Northampton), and engines of 1200 horse 
power for the same; three steam hopper barges each of 
432 tons and 42 horse power, for the Port Trust of Bombay ; 
a British and African line steamer of 2000 tons; a sailing 
barque; and four pairs of engines—one pair being for the 
armour-clad Inflexible, two pairs of 130 horse power each, 
also for the British Government, and one pair for the Man- 
chester, Sheffield, and Lincolnshire Railway Company. The 
total tonnage of the shipping in hands is 8720 tons, and the 
aggregate of the engines is 2996 horse power. Messrs. 
Elder and Co. had the following work in hands at the end 
of each of the respective years : 


Tonnage build- 
ing as at 

31st December, tons. 
1870 fae 34,504 
1871 35,155 
1872 17,943 
1873 30,000 
1874 17,600 


The work occupying attention in the yard of Messrs. 
Alexander Stephen and Sons, Linthouse, Govan, and that 
contracted for, is very considerable. It includes eight sail- 
ing vessels, one of which was contracted for only a few days 
ago, and two steamers, one of them being a vessel of 3500 
tons and 600 horse power, the whole amounting to about 
13,000 tons and 740 horse power of engines. Messrs. A. 
and J. Inglis, and Messrs. D. and W. Henderson and Co., 
both at the mouth of the Kelvin, have comparatively little 
work in hands. 

The Whiteinch firms are fairly supplied with work, 
indeed, Messrs. Barclay, Curle, and Co. are very abundantly 
supplied. They have about 16,000 tons of shipping in 
progress or to commence with. The vessels are as follow: 
Two saloon paddle steamers of about 220 tons each for the 
passenger trade between Southampton, the Isle of Wight, 
&c., both to be fitted with compound oscillating engines ; 
two sailing barques of about 1120 tons each, for London 
owners, for the coolie trade, &c.; two sailing ships of about 
1750 and 1540 tons respectively, both for Glasgow owners, 
the former for the Eastern trade, and the latter for the 
Canadian trade ; two sailing ships of about 1500 tons each 
for Greenock owners for the Eastern trade; two sailing 
ships of about 1620 tons each, to be fitted with four masts 
similar to the County of Peebles, for Glasgow owners, and 
one screw steamer of about 1750 tons for Leith owners for 
the Eastern and general trades, The sailing ship of 1750 
tons was launched on Tuesday ; one of the small steamers 
and one of the barques will be launched this month ; and 
the other small steamer next month. In Messrs. Wingate 
and Co.’s yard there are nine vessels in progress, chiefly 
dredging plant for the Queensland Government, the River 
Weaver Navigation Commissioners, and the Indian Govern- 
ment. There are three screw steamers for New Zealand, 
one of them being 4 powerful tug. On Wednesday the 
firm launched a steam screw dredger of 600 tons and 75 
horse power for the Queensland Government, in presence 
of the Piime Minister for the colony and a large party of 
gentlemen. At the adjoining yard (Messrs. Aitken and 
Mansel’s) there is an iron sailing barque in hand, and four 
other vessels are to be commenced, two of which are to be 
screw steamers. Messrs. Charles Connell and Co. have a 
steamer of 3500 tons and 500 horse power nearly ready for 
launching, and another of similar size and power in progress, 
both of them being intended for the “City” line of traders 
between Glasgow and Calcutta. The same builders have 
also in hand a sailing ship of 1650 tons, an East India 
trader, for a Glasgow firm. 

Messrs, J. and G. Thomson, Dalmiir and Glasgow, 
are constructing a pair of hor'zontal double-acting com- 
pound engines of 350 horse power for the gunboat Emerald, 
which is building in the Government dockyard at Pem- 
broke. They have likewise in hands two large steamers, 





a steam yacht, a small German river steamer, and six sail- 
ing vessels. 

At the London Works, Renfrew (Messrs. William Simons 
and Co.), there are in progress two patent hopper dredgers, 
of 1000 tons and 100 horse power each—one being for the 
Australian Government and the other for the Greenock 
Harbour Trustees ; and two paddle steamers for the Mersey, 
each of 350 tons and 150 horse power. (Last year this 
firm built three hopper dredgers, two twin-screw dredgers, 
three screw hoppers, and a paddle steamer—total, 3005 
tons, and 530 horse power). At the adjoining yard of 
Messrs. Lobnitz, Caulborne, and Co., there are in progress 
four vessels of various sizes. 

The three firms that at present maintain the shipbuilding 
reputation of Dumbarton, are all tolerably well supplied with 
work, Messrs. William Denny and Brothers have four 
vessels—all steamers, one of them being a large tug for 
Russia. Messrs. McMillan and Sons have three sailing 
vessels and one steamer—in all about 4000, tons; and 
Messrs. Stenhouse and Co. have in hands one small steamer, 
a composite yacht, and four sailing vessels of moderate size. 

At Port-Glasgow there are no fewer than eight shipbuild- 
ing firms, several of whom are well supplied with work. 
For example Messrs. Blackwood and Gordon have in hands 
three screw steamers, a twin-screw, and a pair of engines 
which they are compounding. Messrs. W, Hamilton and 
Co. have in hands or contracted for four vessels, one of 
which is a tug steamer for Liverpool, the others being all 
sailing vessels. Messrs. Robert Duncan and Co. have con- 
tracted with Clyde owners for seven sailing vessels, six of 
which are in hands, the other—a vessel of 1000 tons—only 
being ordered a few days ago; total, 7400 tons. (The 
Irawaddy steamers referred to the week before last as having 
been built by this firm were incorrectly put down as 2000 ft. 
long, instead of 250 ft.). Messrs. Cunliffe and Dunlop have 
just contracted with the British and African Steam Naviga- 
tion Company, of Glasgow and Liverpool, to build two 
steamers—one a vessel of 2000 tons and 250 horse power, 
and the other of smaller size for the African coasting trade 
—and a small tug for the Caledonian Canal Company. 

The Greenock firms are either busy or about to become 
so. There are four screw steamersin hands at Messrs. 
Scott and Co.'s yard. Messrs. Robert Steel and Co. have 
just contracted with the Clyde Shipping Company of Glas- 
gow to build two steamers of 1100 tons and 160 horse 
power each, for the Glasgow and Southampton trade. They 
have in hands a steamer of 700 tons and 80 horse power, for 
Messrs. Donald Currie and Co., London ; aud they have a 
pair of new engines and boilers to put into the Wicklow, 
belonging to the Clyde Shipping Company. They have so 
many sailing vessels in hands that the Clyde Shipping Com- 
pany cannot get a keel laid tillone of them is launched. Messrs. 
James E. Scott have three vessels in hands, and two lately 
contracted for ; and at Messrs. Caird and Co.'s yard there 
are also several vessels in hands or just contracted for. 

At present things bid fair to be much better than was ex- 
pected a few weeks ago. 








NEWFOUNDLAND.—A survey commenced by the Govern- 
ment of Newfoundland with a view to the establishment of 
a railway across the island has been completed from the 
isthmus separating Trinity and Placentia Bays to St. 
George’s Bay. Surveyors are now engaged on the survey 
from the river head of St. John’s to the isthmus ; between 
these points it is feared that somewhat formidable diffi- 
culties will present themselves. 





Sza Licuts 1n Hopson’s Bay.—The Pilot Board of 
Victoria has held an inquiry with reference to the efficiency 
or otherwise of the oon lights in Hobson’s Bay. The pilots 
who were examined all concurred in the opinion that an 
additional pile light should be placed at No. 15 buoy, and 
that the Arthur’s Seat light should be made higher and 
more powerful, so as to render it distinguishable from the 
existing Pile light. By this means they considered that 
the navigation of the South Channel would be rendered per- 
fectly safe. 





Russian Rartways.—A concession of a line from Tiflis 
to Bakon has just been definitely granted to the Poti and 
Tiflis Railway Company. The new line will be about 520 
versts in length, and the cost of construction is estimated 
at 24,000,000 roubles. The Poti and Tiflis Railway Com- 
pany will also, it is now expected, receive a concession of a 

ine between Tiflis (Russia) and Dschulfa (Persia). Several 
Russian railway companies owning lines already in operation 
are to carry out some important new works this 
year. They will also make considerable purchases of addi- 
tional plant. These remarks apply to the Koslow and 
Roslow, the Moscow and Koursk, the Koursk, Charkoff, 
and Azoff, &c. 





CANADIAN TIMBER.—The annual report of the Crown 
Lands Commissioner of Ontario has just been issued. This 
report confirms what is already known as to the condition 
of the timber trade all over Canada. of an antici- 
pated improvement taking place in the square timber and 
sawn lumber trade during;the current year, business fell into 
a complete state of stagnation, so much so that cash sales 
became unknown ; and, from doubts as to the solvency of 
buyers on time, holders of stock hesitated to sell to pur- 
chasers, who at ordinary times would have welcomed 
into the market and have received credit to any amount. 
Prospects for 1876 are reported to be favourable, owing to a 
revival of the demand in England, and also to a restricted 
export of the article from European ports from which pine 
timber has hitherto been imported into Great Britain. 
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ford Lough and Greenore,” by James Barton, M. Inst, C.E. 
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PIECEWORK. 

Tue strike now in progress at Erith, much as it is 
to be regretted for many reasons, has at least had 
the good effect of placing plainly before the public 
the policy of the Amalgamated Society of Engineers 
with respect to piecework. The origin of the strike 
has been so fully discussed in the daily press that it is 
quite unnecessary that we should enter into details of 
ithere. Briefly stated, however, the facts are that 
Messrs. Eastons and Anderson, having taken a con- 
tract for the execution of certain work which was of 
a character exceedingly suitable for being done by 
the piece, determined that it should be so done, and 
offered it to their men at a fair price. The price 
thus offered was not objected to, but the men 
refused to work by the piece at all, and as Messrs. 
Eastons and Anderson adhered to their decision as to 
the system on which the work was to be done, the 
men turnedout. Whether this refusal of the men 
to work by the piece was directly instigated by the 
trade societies or not is a disputed point which it is 
quite unnecessary that we should discuss, as what- 
ever may have been the share taken by these socie- 
ties in the original action of the men, there can be 
no doubt as to the position which they took up 
immediately on the turnout occurring. Mr. Bur- 
nett, the secretary to the Amalgamated Society 
of Engineers, has in his letter to the Times dis- 
puted some details connected with the origin of 
the strike, and has thought fit to introduce cer- 
tain personalties into the diseussion ; but the broad 





facts are simply as we have stated them, and 
nothing has been advanced to show that Messrs, 
Eastons and Anderson have from the first acted in any 
other than a perfectly straightforward and justifiable 
manner. Although, however, we have alluded to 
the Erith strike as a practical instance exemplifying 
the position taken up by the Amal ted Society 
of Engineers and the Steam Engine ers’ Society, 
it is not of that strike in icular, but of the broad 
question of ‘‘ piecework or no piecework,” with 
which we propose to dealin the present article. 

As is well known to all engaged in mechanical 
engineering, the Amalgamated Society of Engineers 
has, as a body, been strongly | op to piecework 
for many years, and the grounds on which it bases 
its opposition have been summarised by Mr, Bur- 
nett in one of his recent letters to the Times. 
According to Mr. Burnett’s statement piecework 
tempts men to over-exertion, renders them care- 
less of the quality of their work, tends to impo- 
verish men paid by the day, and increases the pos- 
sible elements of disagreement between masters 
and men. These certainly are serious objections, and 
if they could be substantiated the Society;would no 
doubt be justified in its opposition to the system ; 
but it only needs a little unprejudiced examination 
of the facts as they really exist to prove that these 
supposed dangers of piecework are wholly chimerical, 
while it can, we think, be shown clearly that the 
action taken by the Amalgamated Society in the matter 
is itself thoroughly contradictory. Let us examine 


the alleged objections to piecework in the order in’ 


which we have stated them. 

First, we have the assertion that piecework 
tempts the men to over-exertion. Now, we by no 
means attempt to deny that men my by the piece 
work, on the average, considerably harder than 
those paid by the day ; but we do deny that in 
any but exceptional cases this extra work amounts 
to what can justly be called ‘‘ over-exertion.” All 
acquainted with the inner life of sheps where 
piecework is therule well know that it is not the 
men who put forth the greatest physical effort who 
turn out the maximum quantity of work, but those 
who, possessing the requisite manual dexterity, 
« mbine with it the power of organising their 
labours and saving themselves useless expenditure 
of time and trouble, A thoroughly good workman 
engaged in turning out a number of articles by 
the piece will always scheme for himself certain 
labour-saving contrivances and modes of procedure 
which, although perhaps small matters in them- 
selves, have a most important effect on the output. 
Employed by the day, the same man, having no 
special inducement todo more than will pass for a 
day’s work, will probably never trouble himself to 
do anything by which the amount of that day’s 
work could be increased. It is far too common a 
practice to write of manual labour in an engineer's 
workshop as if the amount of work turned out by 
any given man was directly proportioned to the 
amount of brute force expended ; but, in reality, 
nothing could be further from the truth than this. 
There is, moreover, another aspect of the ‘ over- 
exertion” theory which deserves notice, and this is 
that that theory can only have force on the suppo- 
sition that the workmen are entirely unable to take 
care of themselves. If a workman is so eager to 
make money that he will over-exert himself to do 
it, how was it that during the late busy period so 
many complaints reached us of the men making 
shorttime ? Certainly the practice of keeping 
‘* St. Monday,” which prevails in some of our 
principal districts, and the general objection to 
overtime, do not tend to show that the engineer- 
ing workmen of the present day are prone to 
‘ over-exertion.” Beyond this, too, we have only 
to turn to other trades, where piecework is the rule, 
to find ample evidence that such work, far from 
being debasing, as its abusers wish to make out, 
simply brings to the front the really capable men, 
and gives them the position which is their due. 

Next, as to piecework tending to deteriorate the 
quality of work. As regards this we quite admit 
that piecework if carried out under an imperfect 
system, has this tendency ; but an imperfect system 
of supervision is not conducive to good workman- 
ship even if men are paid by the day. The fact is 
that payment by the piece is not applicable to all 
classes of work but only to those which admit of 
the character of the products being readily ascer- 
tained. This is now well understood, and it by any 
chance payment by the piece was applied to any 
unsuitable work in a well-organised factory, and 
slopwork resulted, the evil would be very soon dis- 





covered and remedied. Witha proper inspection of 
the work turned out, as good work can be secured if 
paid for by the piece as if paid for by the day, and 
this with a less amount of supervision. All that is 
required is a proper organisation, and this is daily 
proved by the results at many large works where 
the piecework system is, and has long been, in ex- 
tensive operation. 

Mr. Burnett's third objection is that piecework 
tends to keep down the rate of pay for daywork, 
and he adds, ‘ In every district a piecework is 
‘the rule, time wages have not advanced in any 
“* perceptible degree during the last 25 years, 
‘‘ whereas in the districts where the system does 
“ not prevail wages have advanced from 10 to 50 
** percent.” This is a somewhat broad statement, and 
further details are required to enable us to estimate 
its importance or the reverse; but if the facts are 
fairly stated, the solution probably is that in the 
districts ‘‘ where piecework is the rule” the time 
wages have not advanced simply because they have 
but a nominal value, the real gauge of the work- 
man’s earnings being the piecework prices. What 
it is important to know is not what are the 
nominal daywork prices in a piecework district, but 
whether or not the men in that district make higher 
or lower average earnings than those in districts 
where —— is the exception. If in any piece- 
work district the earnings of a certain class of 
workmen average, say, 38s. per week, we may be 
quite certain that no man in that district will work 
constantly at a less weekly wage than this if paid by 
the day, unless he is either incompetent to under- 
take piecework or shirks it for other personal 
reasons. In these days of cheap locomotion there 
is a constant interchange of workmen from one 
district to another, and it is idle to talk of any one 
district maintaining for any length of time a supe- 
riority in the matter of wages. It must be borne 
in mind in considering this subject that the gains 
of a workman are not to be estimated solely by the 
number of shillings per week he receives, but by 
the relation which this payment bears to the cost of 
living in the district where he is employed. In some 
towns this cost of living has advanced greatly of 
late years, and thus the consequent increase of wages 
which has been necessitated in such places has been 
far from a net gain to those receiving it. In com- 
paring the increase of wages in different districts it 
is thus necessary, in order to form a just idea of the 
value of such increases, to know whether living ex- 
penses have augmented also, and, if so, to what ex- 
tent. A neglect of these details may lead to very 
false deductions. Speaking broadly, there is nothing 
either in the theory or practice of piecework to di- 
minish the average earnings of those men necessarily 
paid by time, but the system undoubtedly tends to 
the advancement of the most able men, and thus to 
the abolition of the levelling system of uniform wages 
which is so incompatible with sound progress, 

The last of Mr, Burnett’s summarised objections 
to piecework is that it increases the probable 
elements of disagreement between masters and men, 
This is a point respecting which a proper opinion 
can only be formed by an examination of facts. 
There are now plenty of shops in this country where 
piecework has been therule for years: can it beproved 
that strikes or disagreements between masters and 
men have occurred at these shops to a greater propor- 
tionate extent than at the shops where piecework 
is the exception? So far as our own experience 

oes the conclusion to be drawn is opposed to Mr. 
urnett’s views; but the point is one on which we 
shall be glad to receive precise information. 

We now come to the action of the Amalgamated 
Society of Engineers with respect to piecework. 
To quote the words of its secretary, the Society, 
although ‘‘ opposed to the new introduction of piece- 
work” has “‘ no intention of abolishing it where it 
has long been existent.” Further Mr. Burnett 
adds: ‘ that nearly every large shop in Manchester, 
“* or, indeed, in cashire, is carried on under the 
“ samp system,” and “that no attempt has 
‘“‘ been made to alter the mode of working in any 
* one of these shops.”” Now we shouldbe glad to know 
on what grounds the Society can pps its con- 
tradictory action in this matter. If, as it asserts 
through its secretary, piecework is so productive 
of evil, why does it tolerate it in an important dis- 
trict like Lenadiive ? Why should it allow a 
member to be condemned to “ over-exertion” in 
Manchester, while objecting to his running any such 
risk at Erith? More than this, why should it 
allow certain work to be done by the piece in an old- 
established shop in Lancashire, while refusing to 
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permit a similar system to be carried out in new 
works alongside? If the Amalgamated Society of 
Engineers wishes the public to believe in the sound- 
ness of its objections to piecework it must furnish 
clear and satisfactory reasons for its present conduct 
with regard to such work—conduct whieh can only 
be characterised as entirely contradictory and quite 
unjustifiable. 

Our space will not permit us on the present 
occasion to{diseuss some of the broaderaspects of 
the piecework question, and of the action of 
trade societies, but we shall probably take an 
early opportunity of returning to the subject. 
We may, however, state one fact that is clear to all 
who have carefully studied the tendency of our 
industrial progress, and that is, that the system of 
payment by the piece will in the end be that 
universally adopted in all manufactures which 
admit of its application. In the case of the engineer- 
ing trade, the general recognition of the system 
may be delayed bythe action of bodies like the 
Society of Amalgamated Engineers, and trouble and 
distress may be the result ; but there can be no 
doubtas to what the end will be, and we can only 
hope that thisend may be arrived at without per- 
manent injury to our manufacturing prospects as a 
nation, 








SHIPPING LEGISLATION. 

As Parliament will soon meet and the Govern- 
ment Merchant Shipping Bill, promised last 
session, will then be brought forward, it may not 
be amiss to glance briefly over the events of the 
last three years, and to recapitulate some of the 
facts and arguments based thereon, urged by us in 
the early stages of the shipping controversy. Our 
readers are aware that, although we have from the 
first discussed this subject at considerable length, 
we have studiously avoided sensationalism, and 
have discountenanced hasty and _ ill-considered 
legislation. Atthe same time wecould not ignore 
the fact that crying evils existed in our mercantile 
marine which ought to be removed, nor could we 
deny that a strong popular feeling had been aroused 
of sufficient force to enable many of those abuses, if 
taken in time and faced resolutely, to be eradicated— 
the kind of opportunity, in fact, seemed to present 
itself, which statesmen usually seize upon to effect 
great and lasting reforms, 

We sympathised at the time with Mr. Plimsoll 
in his earnest and indefatigable efforts to produce 
such a state of public feeling, although we have felt 
it necessary at times to criticise freely and some- 
times to condemn proposals he had made with a 
view to accomplishing his praiseworthy ends. We 
have also strongly deprecated the rash statements 
and personalities he has been unwisely induced to 
indulge in; and we have urged throughout that 
legislation to be effective and judicious should be 
based upon a full knowledge of the facts and circum- 
stances attending the mercantile marine of the 
country not only-in relation to its several parts, but 
also in relation to the commercial navies of other 
countries. We have'dwelt from time to time on the 
proceedings of the Royal Commission onunseaworthy 
ships, on the various Bills proposed by theBoard of 
Trade and by private members, and on the attitude 
maintained by the shipping community towards the 
legislation with which they were threatened. In 
looking back over the past three years no one can 
fail to see that much progress has been made both 
in and out of Parliament in obtaining knowledge of 
the subject, and even if the statesmanshfp hitherto 
displayed on either side has not been of the highest 
order, we are willing to hope that a determined 
effort will be made next session by the Government 
to pass a sound and comprehensive measure. 

t was in the early part of 1873 that Mr. Plimsoll 
created his great sensation by the publication of his 
extraordinary book “Our Seamen,” and when 
Parliament met he obtained a Royal Commission to 
inquire into the alleged unseaworthiness of merchant 
ships. During the same session of Parliament he 
introduced his Bill to provide temporarily —pending 
the inquiries of the Commission—for the periodical 
survey of all ships combined with provisions for a 
load line to prevent ships being sent to sea over- 
laden, and prohibiting deck-loading during the 
winter neoiie of each year. 

We pointed out at the time that the Bill, although 
sound enough in ney: ae, was impracticable in its 
details, and that to e it a desirable measure it 
would have to be greatly amended in Committee. 

It never reached Committee, however, having 
been talked out at the second reading by Mr, 





Eustace Smith, the member for North Shields. 
Throughout the session much excitement prevailed, 
and monster meetings were held in London and the 
provinces, while Mr. Plimsoll himself, beset on one 
side by writs for libel, and on the other side by 
public subscriptions to enable him to fight them, was 
a public hero of no small importance. 

Thus commenced the campaign on the subject of 
merchant shipping which has not yet ended, and is 

rhaps still far from an end. At starting, Mr. 
Plimsoll wanted the Board of Trade to survey all 
British shipping, and the Board of Trade refused to 
do it, in fact could not have done it had they so 
wished. ‘There were something like 26,000 British 
ships to be surveyed, and the Board of Trade had 
scarcely a shipwright surveyor in its employ. More- 
over as a Royal Commission had been issued, 
steps towards organising a Government surveying 
staff could only be temporary ones requiring great 
caution, and it was, therefore, out of the question 
to thrust suddenly on the Board of Trade such 
enormous duties as Mr. Plimsoll proposed. 

At that juncture we pointed out that the only 
possible way of bringing the whole mercantile 
marine under prompt and effective survey would be 
for the Government to avail themselves of the ma- 
chinery suitable for such work already in existence, 
like the extensive and well-trained staff of sur- 
veyors belonging to Lloyd’s Register of Shipping 
and kindred institutions, Some steps were taken 
in this direction by the Government, and it has 
since appeared that the Committee of Lloyd’s Re- 
gister were prepared, if necessary, to undertake and 
to carry out the work. Mr. Plimsoll’s Bill, how- 
ever, having been shelved for the session, the crisis 
was passed and attention became fixed upon the 
labours of the Royal Commission, because it was 


felt that any subsequent legislation would depend | p 


in a large measure on the results of their inquiries 
and the nature of their report. A short Bill was 
introduced by the Government and passed, granting 
increased powers to the Board of Trade to stop ships 
supposed to be unseaworthy, and a few other 
matters. The Royal Commissioners pursued their 
inquiries through the summer of 1873, and when 
they adjourned they presented a preliminary report 
together with a Blue Book containing the minutes 
of evidence, That report occasioned much dis- 
satisfaction, and was unfavourably reviewed by the 
press generally. It was regarded as showing a 
desire on the part of the Commission to magnify 
the ‘difficulties of legislation; and instead of its 
showing how evils known to exist could be removed, 
it seemed anxious only to offer plausible excuses 
for not removing them. 

The following year, 1874, the Commissioners 
resumed their inquiries, and Mr. Plimsoll again 
introduced a Bill into the House of Commons 
having the same aims as his former Billi but altered 
considerably in detail. In that Bill he provided for 
the survey of all unclassed ships by the Board of 
Trade, and again sought to enforce a load-line upon 
all vessels and to prohibit deck cargoes. Under 
the increased powers granted to the Board of Trade 
in 1872 a number of surveyors were appointed, and 
a number of ships were soon after stopped by them 
as being unseaworthy, some of them nerd after- 
wards to be released, while others were either 
greatly repaired or broken up. When Mr. Plimsoll’s 
Bill came on for discussion these facts were con- 
sidered on the one hand to prove that the Acts 
already in force were sufficient to enable the 
Government to prevent unseaworthy ships going to 
sea; on the other hand it was contended that the 
only thing proved was the existence of unseaworthy 
ships, and it was again urged with much force that 
a periodical survey of every ship by Government 
surveyors, or by Lloyd’s, or some other impartial 
authority, was the only way of discovering the 
extent of the evil and of effectually weeding the 
unseaworthy from out of the seaworthy ships. This 
latter view unquestionably took a strong hold upon 
the members of the House of Commons, as did also 
the conviction that it was the duty of Parliament to 
prevent overloading, either by fixing on every ship 
a maximum load line, or by any means less Open to 
objection, if they could be found. It was, there- 
fore, extremely doubtful whether Mr. Plimsoll’s Bill 
would not pass the second reading, and the 
Government be. defeated on those points. The 
strongest point in favour of the Government was, 
that the Royal Commission had really completed 
their labours, but not presented their report, an 
it would have a disrespectful to the Com- 
mission for Parliament to legislate on the subject of 
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their labours on the eve of receiving the report. 
In spite, however, of all these considerations, Mr. 
Plimsoll’s Bill was thrown out by a majority of 
only two or three votes. The final report of the 
royal Commission, with the remaining evidence, 
appeared in due course, and gave littleif any greater 
satisfaction than did the preliminary report of the 
previous year. However, there remained no hope 
of legislation until 1875. 

At the opening of Parliament last year great ex- 
pectations were raised by the announcement in the 
Queen’s speech that the Government were about to 
introduce a Merchant Shipping Bill into the House 
of Commons, and it was whispered that it would be 
a broad and comprehensive one. In due course it 
appeared, and was criticised at considerable length 
in these columns. It was drawn pretty neariy on 
the lines indicated in the Royal Commissioners’ 
report, and contained no provisions for the survey 
of unclassed ships, or for fixing a maximum load 
line. These points together with provisions against 
deck-loading, and the storage of grain cargoes in 
bulk, were embodied by Mr. Plimsoll in a separate 
Bill which was also introduced. The Government 
Bill provided for a scale of feet on the ship’s side, 
with no recegnised load line, but insisted that the 
draught of water on leaving port should be entered 
in the ship’s log each voyage. Mr. Plimsoll’s Bill 
provided for a scale showing the percentage of spare 
or reserved buoyancy to be marked on the ship, in 
addition to a maximum load line to be determined 
upon for each ship by a permanent Commission of 
professional men appointed for this purpose. 

On the other hand Mr. Norw bags gues that 
every shipowner should be compelled to mark on 
the side of his ship the maximum load line to which 
it was his intention to load the vessel. Other pro- 
osals were made but they need not for the present 
be specified. The feeling had grown so strongly in 
favour of fixing a load line that even shipowners 
cried out for one rather than remain in the state of 
uncertainty of the former year, and when Sir Charles 
Adderley proposed the second reading of the 
Government Bill, he announced the intention of 
the Government to accept the P agg es of a load 
line in the sense proposed by Mr. Norwood. Mr. 
Plimsoll did not oppose the second reading of the 
Government Bill, reserving to himself the right of 
proposing amendments in Committee on the 
main points at issue between himself and the 
Government. His own Bill was not pressed to a 
second reading. After the declarations of the Pre- 
sident of the Board of Trade the Government Bill 
was recommitted, and very materially modified, 
many of the objectionable features we had previously 
pointed out in it having been removed. 

In Committee the Bill was loaded with amend- 
ments proposed from all parts of the House, and 
it consequently made very slow progress. Towards 
the end of the session it became clear that the 
Government did not intend to force the Bill through, 
and eventually it was withdrawn, giving rise to a 

inful scene in the House which will not soon be 

orgotten. The events which followed will also be 
well remembered. The feeling of indignation in the 
country at the Merchant Shipping Bill having been 
sacrificed to the Agricultural Holdings Bill oe 
to beso great that the Government got frightened, 
and just in the last days of the session hurriedly in- 
troduced a short Bill, which was conceived in a 
panic, passed in a panic, put shipowners in a panic, 
and afterwards turned out perfectly harmless. It 
has come to be regarded, even by shipping people, 
as a clumsy joke rather than as anything seriously 
intended to influence their proceedings. During the 
excitement at the end of the session, the Prime 
Minister gave positive assurances that the subject 
should be dealt with thoroughly next session. We 
shall soon see how they will be fulfilled. 

The Government, as we take it, are by no means 
committed to framing their new Bill on the same 
lines as the old one, which met with so much opposi- 
tion last session. It is quite open to them to em- 
body clauses providing for the official survey of all 
saceantd ships, orto advance another step towards 
a maximum load-line by requiring that the position 
of the discs which now mark the owners’ load-line 
be subject to official approval. The subjects of 
grain cargoes, deck loads, owners’ liabilities, dis- 
cipline, and advance notes, will doubtless have to be 
again gone over and discussed in detail. 

So far we have glanced leg | over the parlia- 
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owners asa body towards this popular movement 
so harassing to their minds, and so liable atalmost 
any moment to become seriously prejudicial to their 
best interests. We fear we shall be able to de- 
scribe that attitude but feebly and imperfectly. It 
is not a thorough-going policy of self-defence, nor is 
it a dignified resignation to the inevitable. Mr. 
Plimsoll commenced the fight with abuse, far too 
indiscriminate, of shipowners as a class. They have 
since wasted far more valuable time in abuse, 
almost as indiscriminating, of him. Many owners 
who have in reality been put to no appreciable ex- 

ense or inconvenience by him hate him most 
Peartily, even when they know that his proposed 
Bills, if they were to become law, would not affect 
their ships or necessitate any alterations from their 

resent practice. Others, who fear his powers and 
influence in the House of Commons, affect a supreme 
contempt for anything hecan sayordo. Meantime 
three valuable years have gone by without any 
serious effort being made by shipowners to combine 
in defence of their own property. As long as there 
was achance of legislation being delayed or post- 
poned, they equally refused to help a good Bill ora 
‘bad one. Yet delay finds them no better organised 
for defence than before, They have Chambers of 
Commerce, and other societies and institutions, 
where they meet and discuss matters in the abstract, 
pass resolutions which either come to nothing or 
form the grounds for a counter-resolution at some 
other chamber. Even meetings of the Associated 
Chambers of Commercecarry no weight, and lead 
to no united action. 

One deputation goes to the Board of Trade to ad- 
vocate a certain line of policy, and shortly after- 
wards another deputation, supposed to represent 
identical interests, advocates quite a different policy. 
In the House of Commons the shipping represen- 
tativesare regarded as much as in the light of pre- 
judiced obstructives to healthy legislation as the 
far more powerful representatives of railway in- 
terests, but without the influence necessary to carry 
their points. Instead of regarding the provision in the 
Act of last session enabling each owner to place the 
load line of his ship according to his own judgment as 
a valuable concession to be carefully cherished, very 
many immediately proceeded to imperil this privilege 
by marking the load-line in absurd positions to which 
they would not dream of loading the ships, so as to 
call forth remonstrances from the more intelligent 
members of their own order. Almost any other 
honest and powerful section of the community 
would have found themselves, after enduring three 
years of incessant anxiety and apprehension, firmly 
united and presenting an impenetrable front to 
an assailant. The black sheep of the order would 
have been either compelled—at any rate for the 
time being—to “‘ assume a virtue if they had it 
not,” or have become sufficiently isolated to mark 
them out for recognition. Yet the shipowners are 
almost as disunited now as they were three years 
ago. Some steps have, it is true, been taken re- 
cently to organise large meetings of shipowners 
about the time of the meeting of Parliament to 
consider what steps should be taken. These will, 
we trust, lead to form a united action. Much as 
we wish to see abuses removed, we should view 
with the utmost concern any turn of events tend- 
ing to check the development of our mercantile 
marine, or to imperil its existence by throwing the 
carrying trade into the hands of foreigners. 








THE GAS QUESTION IN 1875. 

THERE are perhaps few practical applications of 
pure scientific research that have become almost 
universal, than that involved in the production of 
gas for the purpose of artificial illumination, and 
yet its origin dates only from the commencement of 
the present century. Those of our readers of com- 
paratively middle age will remember that some thirty 
or forty years ago it was a serious question as to 
how far gas-lighting was either safe or economical. 
But now it has become an absolute necessity for the 
purposes of trade anda great convenience in domestic 
economy. It is therefore no matter of surprise 
that recent legislation has been largely devoted to 
the subject. 

The coal, iron, and other trades are largely in- 
volved in the supply of gas, and hence any rise of 
price in such materials becomes an important item 
of social economy. During the last four years the 
extraordinary fluctuations in cost of such materials 
have had a very serious effect on trade and house- 
hold expenditure. Consequently,. wisely or not, 








Parliament has been often called upon to legislate 
on the subject ; but, as past experience has shown, 
the result has been to little purpose. 

The enormous consumption of gas in the metro- 
olis naturally fixes attention mostly to that 
ocality, yet the general circumstances of the 

gas supply of London are but a type of all 
large towns in the kingdom. In almost every 
case that supply has been in the hands of 
private companies, and was due in its commence- 
ment to pure speculation. Legislation has been 
therefore mainly directed to control the operation of 
such companies. Various defects on their part have 
led to the opinion that local authorities, such as 
corporations, &c., would,do better for the consumers 
by having the supply in their own hands, and during 
1874 and 1875 most of the leading towns in England 
and Scotland have attempted to carry out this plan. 

First in order we may take the metropolis in re- 
gard to the last two years, For all practical pur- 
poses we may consider that the supply of London 
chiefly depends on two companies, the Chartered 
and the Imperial, at least so far as districts north of 
the Thames are concerned. ‘The total capital of all 
the metropolitan gas companies at the present, 
amounts to about 11,000,000/. two-thirds of which, 
or say 7,500,000/. in round numbers, is possessed by 
the two companies above named, including share 
and loan capitals, From the period chosen for the 
statement of the metropolitan gas companies ac- 
counts, we are compelled to fall back on those pub- 
lished for 1874, From these it appears that the 
total gas rental was nearly 3,000,000/., while the 
total income from all sources was 3,700,000/., or over 
1/. per head of the entire population including man, 
woman, and child, thus greatly exceeding the aver- 
age of the /oca/ taxation of the whole kingdom = 
the general), which amounted in 1874 to a trifle less 
than 17s. per head. It hence appears that the ne- 
cessities of the metropolis, in regard to artificial 
light incurred voluntarily, exceed by some 20 per 
cent, all the burdens of local taxation per head, and 
that entirely independent of the use of candles, 
paraffin, and other means of lighting shops and 
houses. 

It appears that in 1874 the total expenditure of 
revenue account was about 2? millions, leaving a 
gross profit of about 936,000/. for all the metropo- 
litan companies. Coals cost about 13 millions, an 
enormous sum when measured with the consump- 
tion of the whole of the metropolis for domestic and 
trade purposes. The remaining costs embraced a 
variety of items incidental to management, repairs, 
&c. In most cases a profit amounting to 10 per 
cent. on the share capital was paid, but the actual 
average dividend on the share and loan capital was 
about 8.7 per cent. 

These figures led, owing to an increased price of 
gas, to the appointment of a Select Committee, 
during 1875, by the House of Commons. In the 

revious year the gas referees appointed by the 

oard of ‘[rade had sanctioned a heavy increase in 
the price of gasso far as the Chartered and Imperial 
companies were concerned, raising the initial price of 
3s. 9d. per 1000 ft. to 5s, for ordinary 16-candle gas. 
The reasons assigned for this increase;were the great 
increase in the price of coals, iron, &c., which was 
certainly large. But these high prices gave way, 
and consequently the public demanded a decrease in 
the price of gas. After much demur the two lead- 
ing companies intimated that during 1875 their price 
would be reduced to 3s. 9d. per 1000 ft., at which 
point it now stands, 

The Parliamentary Committee of 1875, which had 
in discussion Bills promoted by the companies, the 
Corporation of the City of London, and the Me- 
tropolitan Board of Works, after hearing a large 
amount of evidence produced by all parties, re- 
commended, essentially, that the companies should 
be bound to adopt an initial price of 3s. 9d. per 
1000 ft. If they exceeded in future that charge 
then the statutory dividend guaranteed them should 
diminish, while if the price were below 3s. 9d., 
their dividend might be equivalently increased 
beyond the present guaranteed one of 10 per cent. 
This was the especial point of proposed legislation 
for 1875, and is known to all interested parties as 
the ‘‘ sliding scale clause.” 

If the sliding scale were adopted one proviso of 
all preceding acts would be assured in its integrity, 
that is the clause which provides that “due care 
and ment” should be a condition observed 
to allow of the statutory dividend of 10 per cent. 
being carried out. It-was on this point that the 
consumers entirely failed to control the gas com- 





panies, simply because it was impossible to ascertain 
the actual expenditure except from their own 
officials. Not only so, an extension of capital which 
might have been quite unne , left in the hands 
of the companies a power to over-ride the intention 
of the Acts ander which they were constituted, and 
consequently, for all practical purposes, they were 
in the possession of a monopoly utterly beyond con- 
trol by any external authority, 

Towards the close of the session, however, the 
laboursof theSelect Committee were réndered futile. 
Mr, Disraeli stated that it was impossible to carry 
any measure to regulate the price, &c., of the me- 
tropolitan supply, consequently the Gas Regulation 
Bill for the Metropolis shared the fate of the Rivers 
Pollution Bill—viz., that of being shelved for the 
session of 1876. 

In November, last year, a new phase—that of 
amalgamation—was suggested by the two leading 
companies between themselves and with the 
‘* Independent,” a company hitherto noted for full 
dividends and economical management. As already 
stated in ENGINEERING, the Chartered and Imperial 
Companies’ shareholders eagerly adopted the idea 
of amalgamation, and readily assented to the pro- 
secution of Bills during the next session in regard 
to capital, management, &c. Some of the share- 
holders of the Independent Company, however, 
utterly opposed the plan, but as the directors had 
been well supplied with proxies, the amalgamation 
scheme was carried. 

There was, however, some difficulty in the way. 
The two leading companies relied on a former 
opinion of the Board of ‘Trade in favour of amalga- 
mation, but the present Board has thought fit to 
pause before pes nag tare progress in that 
direction as regards the metropolitan gas com- 
panies, The difficulty was calaneed by the fact 
that the Board of Trade has made common cause 
with the Corporation and the Metropolitan Board 
of Works, especially in regard to the principle of 
the ‘ sliding scale,” and an exceedingly instructive 
result has followed, which we have anticipated in 
several articles in the three last volumes of 
ENGINEERING as probably would occur in this gas 
question. 

The Chartered Company recently made the offer 
to agree to the sliding scale provided the initial 
price of 3s, 9d. per 1000 ft. were raised, and of 
course under the proposition of amalgamation the 
Imperial assented to the same course. This was a 
partial consent to the recommendations of the Select 
Committee of Parliament given last year, but made 
rather too late to be graceful in its character. Last 
week, so far as we can learn, for the interview 
between the heads of the gas companies and the 
officials of the Board of Trade, the City and the 
Metropolitan Board of Works, was supposed to be 
strictly private, some further concessions were 
made, Perhaps we may not be far wrong in antici- 
pating the result, Ifso, we suggest that a slight 
modification of the sliding scale, an improved 
auditorship, a more rigorous method of testing the 
quality of gas, a more judicious choice in regard to 
the appointment of gas referees, with some minor 
details, might settle the question so far as the me- 
tropolis is concerned. he chemical and photo- 
metrical testing of gas is at present in a most un- 
satisfactory state. As we have already pointed out 
the defect is eaually apparent in regard to water 
analysis. A letter which aapeeey in our last week’s 
issue gave some inklings of the fact; but were we 
to enter into some minute details we should find 
ourselves involved in the same dilemma which has 
arisen in regard to sewage contamination and the 
water supply, matters which, for the present, we 
must decline to deal with. 

So far we have dealt with the metropolitan 
supply of gas as a type of others, but it must be 
remembered that as we travel further, north one 
element of cost—viz., the carriage of coals—should or 
does diminish in proportion to mileage. Yetitisa 
singular fact that the cost of gas in some pro- 
vincial towns bears no assignable ratio to such 
diminution of mileage, or, at all events, in the pro- 
portion that might be expected. We take for 
example the report of the Manchester Corporation 
Gas Works for the year ending June 25 of last year, 
which affords the following facts : 

The gas rental for the year amounted to 326,106/., 
being an increase of 30,1051, and the profit to 
106,807/., as against 77,465/. in the previous year. 
The profits were sppropenaten as follows: Interest on 
loans, 17,182/. 18s. 8d.; transferred in liquidation 





of mortgage debt, 28,514/. 17s. 1ld.; surplus pay- 








56 


ENGINEERING. 


(Jan. 21, 1876. 








DETAILS OF TANK LOCOMOTIVE FOR THE L. B. AND S. C. RAILWAY. 


CONSTRUCTED AT THE COMPANY’S WORKS, BRIGHTON, FROM THE DESIGNS OF MR. W. STROUDLEY, LOCOMOTIVE SUPERINTENDENT. 
(For Description, see Page 48.) 


























= 
Wd 





Me 
KG 





Ly 


WM 
We 
NS 


YUL 
NS 


Te 
Yy 
AG 
° Ve . 
, 


























II 1h 


ame 


S11) 


Willd. ths 


oe ee 








| — 


= 
































Lh... 


































































































able to improvement department, 35,257/. 2s. 1d.; | 
reserved towards repayment of advances made to 
the improvement Emestaiath, in anticipation of 
profits, 25,8527. 7s. 9d., leaving still owing as part of 
such advances, 26,457/. 10s. 3d. The number of 
consumers had increased 2 per cent., amounting now 
to 67,343, as against 65,979 in the previous year. 
The quantity of gas supplied amounted to 
1,878,391,000 cubic feet, being an increase of 
99,934,000, or 4.38 per cent. over the previous year. 
The average illuminating power of the gas was equal 
to that of 18.56 candles, and the sulphur in the gas 
averaged between 11 and 19 grains per ]00 cubic 
feet. After a careful consideration of the financial 
position of the department, the committee resolved 
to recommend the council to reduce the price of gas 
2d. per 1000 cubic feet, from the 25th of December, 
1875, which would make the price for 18-candle gas 
38. 6d. in 1876. 

Now here we have one of the largest towns in 
England, situated directly over, or adjacent to the 
best gas coalfields in England, managed by men of 
the highest business talent, and yet charging almost 
the same = as that of the metropolis, allowing 
however that 18-candle gas is replaced by the 16- 
candle of London, Still for all practical purposes 
the difference in candle measurement is of little 
value, because, as is well known, the position of 
a light in the room or shop of a consumer may have 
its photometrical value increased or decreased accord- 
ing to the distance of the light from the object to 
be illuminated—and this photometrical value is not 
in arithmetrical but in geometrical ratio, being as 
the square of the distance directly or inversely. 

The gas question is now being dealt with generally 
as one which involves the purchase by local au- 
thorities from private companies, and we must 
repeat the remarks that we recently made in our 
summary of the water question. Whatever ar- 
rangements are to be made by future legislation for 
such purchases, the account of profit and loss 
should be kept entirely distinct from the general 
rates of the locality. In other words an increase or 
decrease {of the cost of gas production should result 
solely to the interest of the gas consumer, and con- 
























































In conclusion we cannot help expressing much 
surprise that all gas companies have not perceived 
that it is to their own and the interest of their con- ° 
sumers to enter into the manufacture of many of 
the products of the residuals of gas productions. 
Coke of course is subject to constant fluctuation in 
value. But ammonia, tar liquors, &c., are convertible 
into most valuable products for agricultural and 
manufacturing purposes, Sulphate of ammonia is a 
most useful manure, and the indirect products of 
gas hydrocarbons, and nitrogenous products, such 
as naphthaline, and its derivatives, aniline, &c., are 
now made the bases of enormous fortunes by those 
who purchase residual products from the gas com- 
panies. If some of these companies have not at 
present legal powers to enter on such business, no 
one would grudge them an Act to authorise that 
course, There is little doubt but that with due 
care and management a large -house might be 
made a most important chemical manufactory, in- 
stead of being as at present a channel of loss be- 





sequently be kept as a separate account, 


tween coal and products more valuable, weight by 








weight, than gold. It is evident that our gas 
manufacture yet lacks, in the majority of cases, the 
elements of a purely business character, and unti 
this is arrived at the gas question will be a constant 
source of annoyance, uncertainty, and social trouble. 





INTERNALLY ». EXTERNALLY FIRED 
BOILERS.-—No. III. 

In carrying out the preliminary trials of the 
competing boilers,* it was noticed that the elephant 
boiler had on one side of it a small boiler of the 
same class constantly in steam,} and it would thus, 
when the Fairbairn boiler was being also worked, 
have the advan of being between two hot brick- 
work settings. To give all the boilers an equal 


* We regret that by a by ar my error the decimal 
ints were omitted 4 the fourth line from the bottom of 
Table No. L, on 6 ante. The weights of the boilers 
per square foot of heating surface should have been given 
as 42.3 Ib., 59.5 Ib., and 52.5 Ib. respectively. 

+ See page 5, ante 
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TANK LOCOMOTIVE FOR THE L. B. AND §8., C. RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF W. STROUDLEY, LOCOMOTIVE SUPERINTENDENT. 
(For Description, see Page 48.) 
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advantage in this respect, it was arranged that 
during the final experiments the boilers should be 
so worked that each when undergoing its trial 
should have a boiler working on one side of it, and 
a cold boiler or cold wall on the other. It was also 
arranged that two days before its trial each boiler 
should be stopped and swept clean both internally 
and externally. 

Each boiler was prepared for its week’s trial by 
steam being got —e the Sunday evening, the trial 
commencing the following morning, while it was also 
arranged that each evening, at the end of its day’s 
work, the boiler under trial should be left contain- 
ing steam at about 37 lbs. pressure. 


The first trials of a week each for each boiler 
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were made with Ronchamp coal of the first quality, 
the composition and heating power of this coal being, 
according to the analyses and experiments of MM. 
Scheurer-Kestner and Charles Meunier-Dollfus, as 





follows :— 
Carbon - - - os per cent. 
#H en. . - ‘ ’ 
Onygen and ni a 495 ;. = : 
Total heat of combustion = 16,493 thermal units 


The trials were commenced on Monday, Uct. 5th, 
1874, with the Lancashire boiler, but in consequence 
of a slight accident to a joint it was not possible to 
fill the boiler until the morning of the day men- 
tioned instead of on the previous evening, as it 
ought to have been, and the ashes and clinkers from 
the coal consumed in getting up steam being mixed 





with the coal used during the day, it was not 
possible on this day to ascertain the consumption of 
pure combustible. It will thus be seen that in the 
record of the average working for the week, given in 
line 1 of the Table No. II. on page 59, the average 
aay of incombustiblerefuse has beencalculated 

rom the results collated on five days only. On the 
first day of the trials also the analyses made of the 


escaping gases were not satisfactory, neither were 
the records of air used per pound of coal, and hence 


the latter amounts co nding to the first day’s 
run have been omitted in calculating the aver- 
age for the week, On the Tuesday and Wednesday 
all went well, but on Thursday and Friday the regis- 
tration of the temperatures of the escaping gases had 
to be temporarily given up, in consequence of an 
accident to the thermometer. To avoid further mis- 
haps the thin copper reservoir of this instrument was 
replaced by one made of copper 0,118 in. thick, pro- 
tected by a light sheath of iron. This alteration 
slightly diminished the sensibility of the instrument, 
but its sensitiveness was still found to be more than 
sufficient, while up to the end of the series of trials 
no further failure of the thermometer took place. 

The average results of the week’s working are 
given in line ] of the Table No. II. on page 59, to which 
we have already referred, and it will be seen that the 
evaporation effected, reduced to its equivalent at and 
from a temperature of 212°, amounted to 8.94 lb. 
of water per pound of coal, or 10.27 lb. per pound of 
net combustible, while the rate of evaporation was 
equivalent to 5.54 lb. evaporated per square foot of 
heating surface per hour, at and from a temperature 
of 212°. We may remark here that the Committee in 
their report reduce the actual evaporations to their 
equivalents which would have resulted had the tem- 
perature of the feed been 32°, the evaporation taking 
place under the actual pressure existing in the boiler, 

Ve have, however, considered it better for the pur- 
poses of comparison to reduce the actual evapora- 
tions to their equivalents at atmospheric pressure, 
and from a temperature of 212°, these being con- 
ditions more usually adopted as a standard in this 
country. We have also collated from the report the 
actual evaporations, and have given them in the 
Table on page 59, columns 14 and 15. We have 
also deduced from the data given in the report the 
rates of evaporation per square foot of heating sur- 
face per hour, given in columns 18 and 19, and have 
calculated the weights (allowing for temperature 
and barometric pressure) of the volumes of air 
admitted per pound of coal consumed. These 
weights are given in column 28, the equivalent 
volumes being stated in the preceding column. 

The second week’s trial, commencing Oct, 12, was 
devoted to the elephant boiler, and the results are 
given inthe second line of our Table No. IT. onpage 59. 
Respecting this week’s trial, it is only necessary to 
remark that, in accordance with the arrangement 
already referred to, the boiler ontheright of that 
under trial was stopped and filled with cold water, 
and it was found that the femperature of this water 
rose gradually to 158 deg., at which temperature it 
remained during the rest of the experiment. 

The third week was devoted to the testing of the 
Fairbairn boiler, but, owing to a defect in one of the 
furnaces, one day’s trial was lost, and the averages 
given in the third line of Table No, II. on page 59 are 
thus deduced from five days’ trial only. ‘he per- 
formance of this boiler was, as will be seen from the 
tabulated results, excellent—a result, no doubt, 
largely due tothe additional heating surface which 
the Fairbairn boiler presented as compared with 
the others. It will be noticed from the table that 
the temperatures of the escaping gases were lower 
in this case than in those of the boilers previously 
tried, while the supply of air per pound of fuel 
was considerably greater. For convenience of com- 
parison, we extract from Table No. LI. some of the 
principal data relating to these three weeks’ trials, 
and give them in Table No. III. on the next page. 

It will be seen on examining these results that the 
intention of evaporating the same quantity of water 
per day with each boiler was not entirely fulfilled, 
while the quantity of air —_ per pound of coal 
consumed varied greatly. Itso happened, however, 
that, as regards equal rates of evaporation per day, 
three days selected from the week’s trial of the 
Lancashire boiler give data agreeing almost exactly 
with those afforded by three days selected from the 
week’s trial of the elephant boiler, the two sets of re- 
sults being given in Table No, IV., subjoined. 

From the above data it will be seen that in these 
selected three days’ trials the water evaporated and 
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fuel consumed by the two boilers were practically 
identical, as were also the evaporative results per 

und of fuel ; the only difference was in the quantity 
of air — per pound of coal burnt, a 


erence 
which had its influence, as will be seen, upon the 


temperature of the escaping . Under the 
ciscaasanets we have combate the question arose 
as to the influence of this variation in the air supply, 
and regarding this the Committee quote the deduc- 
tions of MM. Scheurer-Kestner and Meunier to the 

















TABLE No. IV. 
Mean Results of Three 
Days’ Working. 
Lancashire} Elephant 
Boiler. Boiler. 
uantity of coal burnt day of 
be a fe dee ex att 4,288 Ib.| 4,283 Ib. 
Net combustible burnt per day of 
eleven hours ... a | 98,676 ,, | 3,687 ,, 
Actual quantity of water evapo- 
rated per day ns ...| 32,487 ,, | 32,659 ,, 
Equivalent evaporation from and 
at 212 deg. per pound of coal .. 8.85 ,, 6D, 
Equivalent evaporation from and at 
212 deg. per pound of net com- 
bustible i er | 10.32 ,, | 10.33 ,, 
Mean temperature of gases dis- 
charged into ——_ she ...| 587 deg. | 572 deg. 
Weight of air supplied per pound | 
of coal consum oe | 12.441b.|} 14.62 1b. 





effect that in the case of boilers fitted with feed- 
heaters the best results with Ronchamp coal were 
obtained with a supply of 165 cubic feet to 192 cubic 
feet, or 12.7 Ib. to 14.8 lb. of air per pound of coal 
consumed. In this case the deductions as to the 
quantity of air supplied were drawn from the analyses 
of the escaping gases. M. Burnat, on the other hand, 
measuring the supply of air with an accumulator 
came to the conclusion that the best results were 
obtained with an air supply of 115 cubic feet to 132 
cubic feet or 8.9 lb. to 10.2 1b. per pound of coal 
burnt, the flame produced being then smoky. In 
the face of these differences the Committee deemed 
it inadvisable to draw deductions from previous 
experiments, but resolved in their further trials to 
endeavour hy all available means to secure the same 
supply of air to all the boilers. 

On the 26th of October another series of trials 
was commenced, the boilers under test supplying 
steam to the small Woolf engine only, and being 
thus very easily worked. This new series of ex- 
periments lasted nine days, there being a three 
days’ trial with each boiler. The results are given 
in lines 4, 5, and 6 of Table No. II. on page 59. To 
render the results comparable, it was determined 
that each boiler should have steam got up init the 
evening before the day on which its trial commenced, 
and the experiments were started by the trial of the 
elephant boiler. 

‘he first day’s experience showed that it was 
not easy to control the supply of air, and that the 
damper did not suffice for the purpose. Ifthe 
damper was opened, the coal was consumed more 
quickly ; but the supply of air per pound of fuel 
consumed did not vary, the ratio of air to fuel 
being dependant upon the state of the fire, the 
thickness of the layer of fuel, its permeability, the 
amount of air-way through the grate, &c. The ex- 
periments also showed another fact which the com- 
mittee regarded as difficult to explain—namely, 
that the supply of air per pound of fuel was always 
greater with the Fairbairn than with the Lancashire 
boiler,notwithstanding that the run of the hot gases 
was almost the same in both cases, while the gases 
entered the chimney at a higher temperature in the 
case of the Lancashire boiler than in that of the 
Fairbairn—a fact which would cause a stronger 
draught to be expected in the case of the former, 

As we have already stated, one chimney served for 
the three boilers under trial, the flues from these 
boilers enteringit at three different sides. As re- 
gards the levels of these flues, that from the Lan- 
cashire boiler was the lowest, thatfrom the Fair- 
bairn boiler in the middle, and that from the 
elephant boiler highest. The relative positions of 
these flues thus in no way explained the results just 
alluded to. Thinking that the escaping from 
the boilers might be incompletely mixed, and that 
hence errors might have crept into the analyses, the 
ae = charge of the experiments shifted the 
positions of the pipes through which the gases were 
withdrawn and carried out analyses of gases drawn 
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Taste No. II.—Grvine aN ABSTRACT OF THE RESULTS OBTAINED WITH RONCHAMP CoAL AND. Heavy Firina. 
pM a Lancashire Elephant Fairbairn 
Boiler. Boiler. Boiler. 
Coal consumed per day of eleven hours oe 4173 Ib. 4,435 Ib. 4,072 Ib. 
Net combustible consumed per day of eleven hours bee 3,632 ,, 3,811 ,, 3, és 
Water evaporated per day of eleven hours _ .... ia os 31,976 ,, 32,696 ,, t a 
Equivalent evaporation from and at 212 deg. per pound of coal... = 8.94 ,, 60 ,, 9.64 ,, 
” ” ” ” ” ” ” of net combustible 10.27 ,, 10.02 ,, 11.18 ” 
” ” ” ” ” ” ” per sq. ft. of heat- 
ing surface per hour nl alia jus ses one pa 5.54 ,, a7. 
Weight of air supplied per pound of coal consumed 13.42 ,, 14.37 ,, 16.91 ,, 
Mean temperature of gases entering chimney ... 555 deg. 563 deg. + 422 deg. 
TaBLe No. V.—GIVING AN ABSTRACT OF THE RESULTS OBTAINED WITH RONCHAMP COAL AND LIGHT FIRING. 
Fairbairn Boiler. 
Lancashire} Elephant 
= T Boiler Boiler. ay othe f | Mean of 
Days’ ‘wo Days’ 
Trial. | 7*ial. 
Coal consumed per day of eleven hours 2,290 Ib.| 2,449 1b.| 2,355 Ib.| 2,282 Ib. 
Net fuel consumed per day of eleven hours 1,954 ,, | 2,117 ,, | 2,041 ,, ¥ ia 
Water evaporated per day of eleven hours an de “a 18,214 ,, | 18,800 ,, | 18,200 ,, | 18,843 ,, 
Equivalent evaporation na pry at : temperature of 212 deg. ... a 9 — 9% “ - os et o 
1 ti of coal... nal ae ssa 95 55 68 ,, ~ oe 26 5, 
— nT? ane 5 ot eo” ga, | 885] s92,,| 9.55 ,, 
iquivalent ration from and at 212 deg. per pound of coal... a | 8.97 ,, .05 ,, i os 
=e. 2 . en » neotel | 1080. | 10877,| 1046°,| 11.16” 
” ” ” ” per square foot of heating 
surface per hour .. 7 "3 as a sea sa 3.16 ,, 8.28 ,, 1.90 ,, 1.95 ,, 
Mean temperature of escaping gases ... ae 406 deg. | 425 deg. 337 deg. | 344 dog. 
Weight of air supplied per pound of coal burnt 14.98 lb.| 14.89lb.| 19.91 lb.) 20.39 Ib 

















TaBLe No. VI.—Grvine THE SECTIONAL AREAS OF THE FLUES OF THE COMPETING BOILERS. 


























Lancashire Boiler. Elephant Boiler. Fairbairn Boiler. 
Area of Flues. Area of Flues. Area of Flues. 
PosITION OF FLUE. _— ol mB we —_ " 
n Percentage n Percentage n Percentage 
In a -— of Firegrate In Senseo of Firegrate —— of Firegrate 
= Area. i Area. ‘ Area. 
square feet. per cent. square feet. | per cent. square feet. per cent. 
First Flue ,,8.28 40.4 8.98 44.8 8.28 40.4 
Second Flue 8.42 41.1 5.05 25.2 18.1 88.3 
Third ,, 7.65 37.3 5.05 25.2 14.6 71.2 








off simultaneously at different points. These 
analyses, however, gaveresults agreeing amongst 
themselves. 

Further trials were then made to ascertain the in- 

fluence of the draught of one boiler on another. 
Simultaneous analyses having been made of the 
gases from two boilers, the damper of one boiler 
was shut, and the gaseous current from the boiler, 
which was alone discharging into the chimney, was 
then analysed. The results obtained were, how- 
ever, irregular and capricious, the analyses some- 
times showing a smaller excess of oxygen when the 
chimney was receiving the gases from one boiler 
only. The only means by which it was found 
possible to give a larger supply of air to the Lan- 
cashire boiler consisted in removing some of the 
grate bars soas toincrease the air spaces through 
the grate,and thus diminish the resistance to the 
passage of the air through the layer of fuel. 
- The results of the trials with Ronchamp coal and 
easy firing are, as we have already stated, given in 
lines 4, 5, and 6 of our Table No. II. on page 59, 
but for convenience of reference we reproduce some 
of the chief results in Table No. V. annexed, and 
also add in that Table a column giving the per- 
formance of the Fairbairn boiler as deduced from 
the average of two days’ trial instead of three. Ac- 
cording to the average of the three days trial the 
performance of the Fairbairn boiler is less efficient 
than during the preceding trials, but the Committee 
in charge of the experiments attribute this to the 
fact that previous to this three days’ trial the boiler 
was emptied to make some joints, and that during 
the first of the three days the setting was cold to 
commence} with, and had to be gradually heated, of 
course at the expense of a certain consumption of 
coal. For this reason the mean of the two subse- 
quent days’ trials probably gives more accurate in- 
formation regarding the performance of the boiler. 

We have already stated that the Committee in 
charge of the boiler trials remark in their report on 
the difficulty of explaining the extra admission of 
air in the case of the Fairbairn boiler, but we think 
that the sharper draught which ap to exist 
with that boiler may be accounted for by the ar- 
rangement of the setting. If reference be made to 





the engravings of the three competing boilers which 


we gave on pages 4.and 5 of our last number but one, 
it will be at once seen that the Fairbairn boiler is set 
with flues of a larger sectional area than those of 
the other boilers, while it has also a more favourable 
connexion with the chimney. The Committee do 
not give the respective flue areas, but we have 
calculated them as closely as possible from the sec- 
tional views accompanying the report, and we have 
found them to be as stated in the annexed Table No. 
VI. In the latter we have given the sectional areas in 
square feet and also in percentages of the firegrate 
areas, In all the boilers the gases traverse the 
length three times, and in the Table we have dis- 
tinguished these ‘‘runs” as the first, second, and 
third flues respectively. 

It will beseen from Table No. VI. that vast diffe- 
rences exist between the settings of the three boilers. 
In the Lancashire boiler the flue area remains not far 
from constant throughout the three ‘‘ runs ;” in the 
elephant boiler the area is very materially reduced 
during the second and third “ runs ;” while in the case 
of the Fairbairn boiler these second and third “ runs” 
are of much greater sectional area than the first. It 
is true that the second and third flues of this last- 
mentioned boiler are at some points obstructed by the 
cast-iron standards which support the boiler, and 
by the connecting pipes which unite the upper to the 
two lower barrels, but even allowing for these ob- 
structions the flues of this boiler are unusually large. 
Moreover, in the Fairbairn boiler the gases were re- 
duced to a lower temperature, and this would reduce 
their volume also. Altogether there can be no 
doubt that notwithstanding the larger air supply the 
gases traversed the second and third flues of the 
Fairbairn boiler at a lower speed than those of the 
Lancashire boiler, and hence with less frictional re- 
sistance. The effect of this—supposing the chimney 
draught to remain constant—would be to produce 
a greater exhaustion in the first flues of the Fair- 
bairn boiler than in those of the Lancashire boiler, 
and hence a sharper draught on the fire. The re- 
sults deduced from the e iments are, we think, 
thus at least partially explainable. In our next and 
concluding article of this series we shall describe the 
trials with the Saarbriick coal and shall summarise 
the results of the experiments we have described and 
point out the deductions to be drawn from them. 
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WOOD TENONING MACHINE. 
CONSTRUCTED BY MESSRS. W. FURNESS AND SONS, ENGINEERS, LIVERPOOL. 
FIG.i.° 


ijt tH: YL Zz 





Liverpool. The chief advantage in this machine is the 
distance the cutter heads are carried from the upright 
column, and the peculiar mode of driving the cutters by 
one continuous band. In the ordinary machines of this 
class the band is close to the cutter heads, thus limiting 
the length of timber operated on. This defect is remedied 
in this machine, in which any length of timber can be 
worked by a trenching cutter-head which can be used 
either on the top or bottom spindle. The spindles are 
fitted with tenoning cutter-heads carrying cutters 5 in. 
wide, which are adjustable for all sizes of tenons upto 20 in. 
wide and 8 in. thick. 

A fine cross-cutting saw can also be used on the, top 
spindle, cutting across any length of timber, and also, by 
means of the spring stop, cutting to an exact length. 
Boring can also be done by the spindle, the box holding the 
timber sliding on the table. 


Sash scribing cutter-heads, both top and bottom, may be ! institutions with the object of forwarding the 


or CAEL Z SLE 
7. Y 


We publish above illustrations of a tenoning ma- , 
chine, constructed by Messrs. W. Furness and Co, | 





| 





LZ tj ttt trys); Yy 


attached, and both operations (tenoning and scribing) per 

formed at the same time. An important feature in the 
| arrangement is the ample means of adjustment and taking 
up of wear. 

One of these machines was shown at the recent exhibi- 
tion of the Society for the Promotion of Scientific In- 
dustry, held in Manchester, and its mode of working as well 
as the quality of the work done, left nothing to be de- 
sired. 








ScrenTIFIC APPARATUS AT SouTH KENSINGTON.— 
With reference to the forthcoming loan collection of 
scientific apparatus at the South Kensington Museum, we 
are authorised to state that, in answer to invitations sent 
through the Foreign Office, the Governments of Belgium, 
France, Germany, Italy, the Netherlands, and Switzer " 
have appointed committees to act in concert with the 


Ginited States base through Mr. Fis, replied that it is i 
nr > . ' 
communication with the various : ts phe de fic 





SOME PRESSING NEEDS OF OUR IRON 
STEEL MANUFACTURES. 


AND 
Address seek ty Be 
-¥., before the American Ii 


C.E., . 

C-E., Brooklyn, N. 

Ir has been customary at our sessions, for the 
presiding officer to address you on development 
ow Cay eh Sp eager or some 
im 


some of their more p 
more timely than a or statistical pen. It is, lam 
aware, comparatively easy and positively useless, if not a 
little impertinent, for me to preach in general terms—to 
tell manufacturers that they should work more economi- 
cally, and make better products, and utilise waste, and 
develop labour-saving machi . I shall endeavour to 
confine my remarks to a few specific defects of practice and 
management, and to their equally specific and more or less 
devel remedies. 

That serious defects exist ; that they must be remedied ; 
that the manufacture is indeed already on the verge of 
transition, will be generally admitted. But it; cannot be 
revolutionised all at once, however desirable the technical 
results might be, for that would pt the business at 
large. e cannot afford to pull down and rebuild all our 
blast furnaces that do not make a ton of pig iron with 
25 ewt. of fuel, nor to replace all our hand-puddling furnaces 
with revolving ones, even if we could select the revolver. 
Although the soft steels promise to supplant iron for most 
8 , there are neither money nor present 
market to warrant all at once replacing our iron works, or 
half of them, with steel works. 

— = these —— can neither stand still 
nor be suddenly metamorphosed, their managers are saying 
to one another : ‘‘ We must feel our way into larger de- 
velopment; we must work gradually into better ice ; 
we must improve a little at a time ;” all very true, but some 
of us have been saying it so long and so complacently, 
that is is rather acquiring the flavour of a pretext for doing 
next to nothing at all. 

Whatever economies may be made by little improvements 
of old tools and processes, the grand results are to come 
from thorough and radical changes, not necessarily in all 
departments at once, but sweeping when they are introduced. 
Putting a slightly less wire-drawing cut-off upon an old 
steam-engine, promoting a little better combustion in a 
heating furnace, empirically experimenting with refractory 
materials and purifying compounds, are all more or less 
useful, but the “‘ survival of the fittest’’ is to be decided on 

issues than these. 
ong the more important and decided improvements de- 
manded in this critical situation of affairs are the following : 

I. Cheap Power.—The cost of coal to drive the ~ yo | 
of an average American Bessemer plant, when appli 
through engines requiring, as they generally do, 5 lb. or 6Ib. 
of it per hour for one horse power, averages about 1.50 dols. 
- ton of ingots. Engine builders are ready to guarantee a 

uty of 2} lb. per hour per horse power, and it is perfectly 
well known that a large number of engines, stationary and 
marine, are running at from 2} lb. to 3lb. The saving of 
one-half the steam coal in a Bessemer works would pay for 
a quarter of the total labour in the manufacture of ingots, 
or for all the refractory materials employed, or for all the 
royalties. In some wcrks it would not be less than 50,000 
i. per year. 7 

The ave cost of coal required to drive a rail and 
blooming mill is nearly 1.50 dols. per ton of rails. Although 
mill engines have the advantage over blowing engines, of 
high speed, and are often of good type, yet it is probable 
that taking all our steel rail mills together, a third of this 
cost could be readily saved, and this saving would be an 
agzregate of 175,000 dols. per year. 

he economies effected by better steam engines are not ex- 
ceptional, they are of every-day occurrence. They have 
revolutionised jthe ocean service, and have completely 
changed the land service, especially in New England, where 
fuel is dear. As one of many examples, I quote the Troy 
steel rail mill engine. This had a cylinder of 54 in. dia- 
meter by 3-ft. stroke, and —_ uired the |firing of 5 auxiliary 
boilers. A 44-in. Corliss cylinder was substituted, 9 per 
cent. of s and 30 per cent. of work were added, and yet 
three boilers were thrown off, and the economy in fuel was 
about 25,000 dols. per year. 

It will not be questioned, I think, that regenerative fur- 
naces will gradually, but inevitably, take the place of the 
ordinary panting, ved , and melting furnaces, thus pre- 
venting the “pp. ication of unspent furnace heat to steam 
generation. For mical boilers and 
gines areall the more important. When every rolling-mill 
and forge come to burn coal for steam, the saving of a 
ee pounds af oye per seen = will be some- 

ing jenormous in aggregate. in, whi 
schemes for blast furnace improvement are speculative, 

ost any expense to increase the economy of blowing- 
engines is warranted. Making uniform iron out of raw 
materials which cannot be uniform, requires reserve of 

er in the temperature and the force and volume of 
Blast. As coke and anthracite furnish barel enough 
under the best circumstances, combustion =e and 
the use of steam must be in the highest degree economical 
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the indicator card, which reveals 
of in the cylinder, ‘shows a very 
: condensation in the high-speed engine, but 
we at very slow speeds more heat 
= — there is — ‘ 
rolling mi ines of the country are o' 

but most of them use 6 Ib. of coal per horse 
despite their comparatively high speed. What 
wesay of mill = without cut-offs or condensation, 
———— is dear, and where steam is made by firing under 

Now, why does this eral wastefulness of steam go on 
year to year? managers have a ly answer. 
want a “strong, simple engine that will stand the 
attendance it gets in a mill, and that'won’t break 
” The first. reason is ridiculous ; yet, you can find 
of mill engines ‘with leaky pistons, out of line, and 

their cost every year, to save a dollar a day more 
pay to an engine-driver. The second reason is perfectly 
An engine may better waste a few thousand tons 
of coal, if it only makes a regular business of it, than to go to 

without notice inthe middle of a time contract. But 
inference that an engine which is economical of steam, 
is, for that reason, more likely to break down, is totally 
without foundation. The commerce of the Atlantic Ocean 
is largely done by compound engines, which are just twice 
as Ay ty ’ as single-cylinder engines, and which run 
with 2} Ib. to 3 Ib. of coal, and which are subject, at every 
pitch of the ship—many thousands of times every voyage 
—to the violent strains of the screw plunging in and ont of 
water—strains which often shake the ship from stem to 
stern ; but we rarely hear of these engines breaking down. 
I have recently taken time to examine, in detail, the work- 
ing of eleven specimens of one of the most economical, 
highly-finished, and delicately-adjusted engines ever built— 
the Porter-Allen engine—and I find them notably free from 
breakdowns and abnormal wear. They had been running 
from 24 to 6 years, and in some cases the working parts 
had not been a atall. It is true that some of the 
earlier Corliss engines were too light, but this had 
nothing whatever to do with their economical steam distri- 
bution. Probaby there are more successful engines of this 
type than of any other. 
stability and durability of an engine is simply a 
uestion of good proportions, materials, and workmanship. 
course, a piston that takes the boiler pressure at the first 
opening of the valve, receives more force than one which gets 
only 60:or 70 per cent. of it, and that not till quarter stroke, 
of which there are many examples. But on the Porter- 
—_= ee aah = - required to start the wae 
ea procati , which, in turn, give it out to the 
anak d ny bam of cylinder pressure by expansion, 
so that the strains onthe crank-pinarenot necessarily greater 
with good than with bad steam admission. If the sudden 
impact of steam is hard on machinery, what should be the 
result of a 10-ton hammer-head, falling 6 ft. or 8 ft. upon 
an 80-ton anvil? And yet steam hammers are made to ran 
for years. Some of the most economical valve gears are 
not complex ; the complex ones a boy can work by hand, so 
that ‘ay P= not under dangerous strains, and rarely break 
down. Finally, the mill engine, by means of the interposed 
flywheel, is relieved from all violent shocks, while the 
marine engine has no such protection. 

The objection, therefore, that engines are liable to break- 
downs and ee because they are economical of steam, 
will not hold. If the builders of such engines do not make 
them strong ont: the engineer of an iron or steel works 
ought to know it beforehand, and to know what changes 
to specify. ere are numerous examples of sturdy en- 
gines which he can study. I will venture the opinion that 
more breakdowns are caused by accepting the lowest bids 
for engines, than by all other causes combined. 

There is a great temptation to save the heavy cost of 
radical c » by patching up old engines, attaching con- 
densers, applying cut-off valves, enlarging cylinders to get 
more expansion, and running faster by means of change of 
gearing or belts. All these things may save fuel, but do they 
not stand in {the way of a greater economy, by constantly 
adding cost to the old engine, and so giving it a long lease of 
life? No man ever throws out an engine which he has just 
rebuilt, however bad it may be. ‘The way to get the greatest 
—<~ profit out of an engine of bad type, is to melt it 

in acupola. The excuse is often made that a new 

ase cannot be afforded. One would suppose that an 

blishment which can afford to waste 20,000 dols. a year 

in steam coal, might afford to lay up half that sum every 
year to invest in better engines. 

The blowing-engine presents a larger problem than mere 

ion of valve gear. The air piston should not run fast ; 
steam piston must not run slow. Gearing a pair of 
small engines, making, say, 150 revolutions, to; a large air 
i making 25, entirely overcomes the objectionable 
of , which only works harshly when the 
small*wheel is driven. There is a possibility/by this arrange- 
m of savi more obeum-thiaar eum be damp wren by <m- 
4 we would cost about the same. 
engines have rey: Le a very 
peciee, penoing, ing, and other 


uses. 
They, » involve » and either a large 
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tion, th 
once a week is absolutely nothing. 
conclude who takes pains to observe the innumerable 
portions of , combustion chamber and heati rarlace 
‘or |. 
owners, great improvements rarely require 
cha: in boilers as in engines. The ey 
style of a 
grate when its surface is insufficient, or neeng 
much economy. The emp ent of a commission of 
outs to ascertain the nature of the defect would 
& pa, 
of boilers and their setting are 
diagnosis of a chea ine driver is 
fect combustion, while oilers are tag me is 
i 4 but bad combustion all the time is 
entirely ‘Steam - ind: a ; 
over the surface of the fire, where there is hea to 
and cheap arrangement. Mechanical firing, as done at 
Barrow and other works abroad, promotes almost con- 
subject; it would require a treatise by itself. " 
Il.—Improved Heating Furnaces.—The commercial im- 
ceding. The coal-fired reverberato furnace, however 
skilfully managed, must be wasteful of both fuel and metal. 
grate ; the very irregular volume of air passing unconsumed 
through the solid fuel is at one time insufficient to unite 
great and undistributed enough to go bodily over the bridge 
and consume the metal on the hearth ; combustion cannot 
of air which will waste the metal, so that the flame should 
always be smoky. The heat Passing out of the furnace 
the same quantity of heat can be under coal-fired 
nor any better than waste heat can be utilised in regene- 
Do ironmakers realise the enormous loss due to oxidation ? 
An iron rail mill making 40,000 tons of product, heating 
cent. of it at each heat, would, at present prices, burn up 
more then 200,000 dols. worth of iron in a year. Upon 
oxidation of iron in regenerative gas furnaces, as compared 
with coal , to be over 3 per cent. In one case 
billets, it is 3.32 per cent. ; in another case of good average 
practice on iron piles, it is 4.45 per cent. In heating 


There are vast numbers of boilers, as any 

in use for the same kind of fuel. Fortuna i 

sweeping 

however 
should be scientifically devised. Altering 
when combustion room is too small,’ will promote 

ying investment in a great many cases. 
often: 
being 
probably 
ignite the combustible mixture thus formed, is an effective 
tinuously perfeet combustion. I cannot dwell upon this 
portance _of this subject is no less than that of the pre- 
Much of the coal placed on the grate is lost through the 
with the combustible over it, and at another time 
be perfected when firing is done by hand, without an excess 
may be atilised under boilers, but not as es as 
boilers, 
rators. 
all the material twice, and oxidising not less than 8 per 
averaging a number of results, I find 
of first-rate practice with both furnaces, on small iron 
ae 

iron piles for plates, the waste in the ordinary 


been in some cases as high as 15 per cent., while in Siemens’ 
furnaces, which have been substituted in the same works, 
it has been as low of 4 per cent. The smaller of these 
savings would amount, in the rail practice we are - 
ing, to some 70,000 dols. per year, which would pay for half 
the labour on rails, or it eds above 20 per cent. on 
the cost of a rail mill. The oxination of steel is somewhat 
less in either furnace, because the required temperature is 
lower ; but the proportion of loss appears to be about the 
same, so that the economy of the gas furnace is also very 
important in heating steel. 

The amounts of fuel used in gas furnaces are surprisingly 
variousin different works. They run from 350 Ib. to 650 lb. 
per ton of rail piles and blooms, and steam coal varies 
similarly. These figures indicate very bad working of fur- 
naces in some cases ; and the absence of all definite data 
in some other cases, as to steam and fuel used, indi- 
cates, at least, that bad working may going on without 
the knowledge of the management. The fuel for heating 
rail piles and blooms in ordinary coal furnaces also varies 
from 700 lb. to 1200 lb. per ton, the differences not — 
wholly due to plant or management, but to quality of o 
With ordinarily bad boilers and engines, the saving of fuel, 
rey ye coal, by the use of the gas furnace, varies 
from 5 to 25 per cent. A fair comparison of the two fur- 
naces should be based on the best practice in both cases. If 
coal furnaces lose heat enough up chimney to make steam 
for wasteful ines, no economy of fuel is attained by 
using economical ones. But as regenerative gas furnaces, 
which make no steam, are necessary to the minimum oxi- 
dation of the metal heated, steam must be generated by 
firing under boilers, so that good engines in this case have 
an unlimited opportunity to save fuel. Thus the gas fur- 
nace economises ; first, and chiefly, in oxidation ; second, in 
fuel directly ; third, in fuel indirectly, by giving economical 

ines a chance; and fourth, it also saves largely in 
quality of fuel, as cheap slack and small coal may, in 
most cases, be burned in gas producers, but not in 
coal furnaces. To these advantages must be added de- 
creased loss of coal due to burning it in one concentrated 
nest of producers, rather than all over a rolling mill, and 
the general convenience and economy of avoiding the hand- 
Sa cee Svea ot oe in various parts of the works. 
Still another important advantage of the regenerative gas 
ility it affords for ing the chemical 
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fected in its ions and details, that its adaptation and 
are no to.any unusual risks or em- 
working subject 


The most fuel system, at 
least in the. is the 


he 
and air pass up into the chamber, and in air admission ~ 
due to the lregular formation and removal of clinkers, the 
cannot insure the regular produc- 
nor t the burning of = above 
4 bed. The _o pe ee. on the nant, 
in some experimental practice here, promises well. 
dispenses with the grate, promotes uniformity of combus- 
tion, and furnishes gas $n tinGarnaee at a higher tempera- 
ture. The of M. Tessé du Motay is said to 
abroad ; fourteen are running at the 
in Lorraine. The same producer is 
juction of i inati at the new 
works in » and New York. ere are many 
other seh * the improvement of generation, 
which I eamnot eren refer to within the limits of this paper 
It thus seems probable that a considerable economy will 
‘added to the gas furnace through the improve- 
ment of the producer. 
in which the replacement of old furnaces 
; may not be the most economi- 
situated but a few feet above 
‘eostly tanks for the whole producer 
as as for the régenerators, or else the 
of the whole floor-and machinery. But it by no 
means follows thatthe old furnaces should be left as they 
are, in any works, whatever its circumstances. Among the 
various improvements which may be added to existing fur- 
naces, or at least applied without the entire removal of the 
old plants, are those of Mr. Sweet, of Syracuse, New York, 
and of Mr. Price, of Sunderland, England. Mr. Sweet has 
already described his furnace and its working in a paper 
before the Institute. It is certainly doing well at his own 
establishment. The furnace of Mr. Price and its results 
have been made the subject of a recent paper before the 
Iron and Steel Institute, by Mr. Lowthian Bell, with which 
our members are doubtless familiar. I will not, therefore, 
occupy your time with their discussion, but will very briefly 
state the facts about the Price furnace. Solid fuel is 
burned on a grate, but it is heated (its 8 bein thus 
artially distilled), and the air for combustion is also eated 
C the waste heat, before it enters the chimney. The 
inflow of the gas thus produced, and of solid carbon, to the 
te, and of air under the grate, is thus uniform and at 
igh temperature, so that combustion is uniform and com- 
tively complete. It is thus, in some sense, ajregenerative 
anes. The saving of fuel is about one-third in per 
and one-half in reheating iron, as compared with the ordi- 
furnace ; but the cost of steam coal, otherwise com- 
pletely or partially.saved by means of boilers over the 
common furnace, must be deducted from the above-men- 
tioned economy. In — of fuel, the Price furnace 
would seem to be nearly hr of the gas furnace, but 
it cannot compete with the la in or of tempera- 
Mr. Bell states that the character of the flame ma 
be controlled, and that a reducing flame may be maintained. 
There must, therefore, be an important ——, 
The pulverised fuel puddling furnace of Mr. pton may 
mentioned. There is no doubt as to the excellent 
working and economy of this furnace in respect of fuel. 
Mr. Crampton tells me, however, that his experiments do 
not, so far, warrant the belief that he can apply pulverised 
fuel successfully to furnaces which do not have a readily 
renewable oxide lining. The particles of coal blown into the 
furnace cut and flux brick fire-chambers. 


gical furnaces could be maj L 
of a single paper. My object has simply to draw the 
attention of iron and s to the great waste in 
fuel, and the enormous waste in metals, which are con- 
stantly going on in most of our works—losses which draw 
a respectable dividend e year from the profits, and 
which may be prevented by thoroughly developed improve- 
ments. tn view of such serious defects, and such ample 
and adequate remedies, it seems hardly worth while for our 
manufacturers to putter with trivial contrivances to add a 
little heat to the blast, to check a little smoke, and to 
save a little fuel, and so to.eke out the wasteful life of a 
furnace system which is radieally bad. 

(To be continued. 
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PENNSYLVANIA GEOLoGIcAL SuRVEY.—Much work has 
already been done in connexion with this survey. One 
branch of the survey has been working in the Broad Top 
Mountain district, Huntingdon county. A vertical section 
of about 20,000 ft. of the strata has been projected ; in the 
upper portion are shown nineteen 1 in. seams of coal, which 
the State geologist has discovered in a sandstone about 
1000 ft. below. the workable coal of the Broad Top Basin. 
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BRIDGES, WITH ng og AUXILIA RIE 
. Op. Baier - 
By T. CLaxton’ Feuer. 


Havin examined the effect of the rolling ‘Toad | 


upon bridges in which the ribs or auxiliary gir 
are hinged at three points, we have now to consider 
its effect upon bridges of the more common type, in 
which the central or iate hinge is omitted, 
and the rib or auxiliary girder is continuous from 
one abutment to the other, but is not fixed in di- 
rection at either end. This will constitute Class IIT. ; 
and then, lastly, we shall have Class IV., in which 
the rib is not hinged at all, the ends being rigidly 
fixed at the abutments. 

Hitherto we have begun our investigation of each 
class by considering the caseof a'common suspension 
bridge with auxiliary girder, in which the functions 
of chain and of girder are evidently distinct ; and 
having found an expression for the stresses of 
each member, we have been able to apply this ex- 
pression to all the varieties of arched rib and sus- 

ension rib belonging to that class, the resulting 
ormuls for each variety depending only upon the 
manner in which the functions of chain and of girder 
were combined in the structure. 

Adhering to the same plan, our typical suspension 
bridge for Class IIT. will consist of a common flexible 
chain lying in a parabolic curve, andattached by verti- 
cal rods to an auxiliary girder which crosses the whole 
span in one length, and is supported and held down 
at each pier, but is not rigidly fixed in the pier nor 
continuous over other spans. If we now try to de- 
termine, as before, how much of the load upon each 
pier is brought by the chain, and how much by the 
girder, we shall soon find that we have no means of 
solving the problem, When the bridge is uniformly 
loaded the chain may be eo bg the whole load 
(as in Class I.), or, on the other hand, the girder 
may be carrying the whole load and the chain doing 
nothing. Thus, instead of the well-defined division 
of labour which subsisted in the previous classes of 
bridge, we have here two members to do the same 
work, and we need not be surprised if we find them 
sometimes acting at cross purposes. If both mem- 
bers were perfectly unyielding, it is evident that 
the thinnest possible piece of packing put under 
the ends of the girder would cause it to take up the 
whole load; on the other hand, if the chain were 
shortened up in the least degree it would lift and 
carry the whole load including the girder; and as 
the girder is held down at the ends, it is evident 
that a defective. adjustment or a fall of tempera- 
ture might puta considerable strain upon them both, 
without the insistence of any load whatever. In fact 
the problem can only be solved by assuming such a 
primary adjustment that there is no initial strain, or 
a certain given initial strain, upon the girder, and 
then by taking into account the elastic yield or de- 
flection of each member under a given load ; and in 
this calculation any mathematical refinements will 
be quite useless, for the result- when obtained will 
only be true for one particular temperature. 

As the girder must, in practice, have sufficient 
rigidity to prevent any sensible distortions of the 
chain, we may assume the latter to lie always in a 

arabolic curve, and therefore to exert a uniformly 
Fistributed upward pull ~ upon the girder; and the 
only question is as to the amount of that upward 
pull of the value of the horizontal strain H. If we 
might assume that H and w would be the same as in 
bridges of Class I. with the central hinge, then the 
absence of the hinge would make no difference to 
the strains in the girder, and the bending moment 
for any given load would be expressed by the 
formula given for Min ClassI. But if from any 
cause (no matter what) the value of H and x should 
happen to be greater or less than in Class I., the 
result of that difference would evidently be equiva- 
lent to a uniformly distributed upward ordownward 
load over the whole length of the girder: we may 
therefore say that the bending moment for any given 
load willbe equal to that given for the auxiliary 
girder of Class I., plus or minus the bending 
moment of a certain unknown uniform load which 
it carries as an independent girder of the span s; 
and for practical purposes of design we must take 
the greatest probable value of this uniform load, 
from whatever circumstance or combination of cir- 
cumstances it may arise. The horizontal strain H, 
and therefore the,value of the unknown load, will be 
affected by four disturbing causes: 1. The initial 
strain that may be lagen. or accidentally 
imposed upon the girder; 2. Deflection under the 






isting of two parts, the elastic | of abutments 
ne ree in Cie at oi be 
dditional to that of- the. elastic stretching of the 
chain) ; rmanent, set. of the manonty or 
foundations, whose effect will be independent. of the 
load, and will be additional to that caused by rise of 
mee or slack adjustment. 

All the foreg ‘considerations will be found to 
apply also to the arched ribs and suspension ribs of 
Class III., that is to say arched ribs hinged or 
rounded at the ends, and ribs: hung by 
one point of attachment at each pier, like the 
“hanging girder” proposed by Mr. H.» Latham, 
Figs. 21 and 21a. la yetiod one 





Let the parabolic curve A C B, Fig. 21, represent 
the axis of ‘an arched rib hinged or’ rounded at 
the ends; this rib will perform the double duty of 
arch and auxiliary girder, and will be capable of 
carrying any uniform load in either capacity,so that 
we are unable to say how far it may at any time be 
acting as an arch and how far as an independent 
girder! We know the form of the curve of moments 
for any load, but in order to find the curve of resul- 
tant forces in the arch, we must find the value of 
the horizontal force H before we can fix the specific 
length of the ordinates from the line AB.’ For the 
uniform load W, the curve is a parabola, and 


the total moment in the middle is Lae if H= 


ee then a is the ordinate in the middle and the 
a 


curve of resultant forces is coincident with the axis 
ACB, the structure acting purely as. an arch ; if 


H is less than ve the ordinates are proportion- 
a 


ally .greater, the curve is a higher parabola as 
AEB, and the bending moment at C is M@=H x 
CE, the rib acting partly as an independent girder 
under a uniform load; if H is made greater than 


lt (by cottering up the ends of the rib or other- 
a 


wise) the curve becomes a flatter parabola as A D B, 
and the bending moment at C is negative and—M= 
HxCD; this is precisely analogous to the initial 
strain in the auxiliary girder of the suspension 
bridge. 

If the rib were hinged at any intermediate point, 
there could be no bending moment at the hinge, and 
the curve must then intersect the axis at that point; 
and must therefore coincide with the axis ACB 
when the load -is uniform. Again, when the load 
covers Only the left half of the bridge, the curve of 
forces in ‘arches of Class I. will be the line A 1 B in 
Fig. 22; intersecting the axis at the hinge C (this 


Fig22 . 












Fig 22 
line coincides with one flange of each half rib.in 
Fig. 9). In arches of Class II. the curve will be 
either 2¢ or 2b, according as the hinge is near A or 
near B, the curves coinciding with the axis at A and 
B respectively ; the ordinates in 24 are three times 
as long as in 2a, because, as already explained, the 
horizontal force H is three times as great when the 
hinge is at the loaded end. In arches of Class III. 
there is no intermediate hinge, so that the curve of 
forces is only obliged, to intersect the axis at A and 
B, and may occupy any position between 2a and 24 
or outside of either; but, wherever it may lie, the 
bending moment will be equal to the moment corre- 


we may observe in passing we can re- 
duce the bending rae tee b will ‘evi- 
dently be for the rib, and to this end the curve of 
forces cannot occupy a better: position than that 
which is secured by the central hinge, while in the 
pe mr wh Class III, it will at the best 
y occu) position at one ictlar 

ture, so that the rib at some ontan Sade oor 
tain to be deing{work as a girder which it would do 
much more’ easily as an , even if its action in 
one capacity does not actually add to the work it 
has to do in the other capacity. 

The rib may be adjusted with any amount wf 
initial bending stress by cottering up the ends, the 
adjustment generally aimed at, ‘heinig such as to 
compensate for the effect of deflection under the 


‘| full load. The contraction of span required for this 


P must not be measured off upon the cotters, 
ut must be carefully ascertained. by direct measure- 
ments between the ends. of the rib, in order to 
eliminate the effect of yield of abutments,* and 
allowance should be made’for any bending stress 
already existing in the rib before the cottering u 
is begun. As the whole contraction required will 
seldom be more than about an inch, this adjustment 
will be rather a delicate operation, and in order to 
form an idea how far, we may depend upon it in 
practice, it would be well to know what would be 
the effect of an unsuspected mistake of, say,} in. or 
‘* in the — effective contraction of span. 

is will not differ in any way from the effect of 
an equal alteration of span due to any other cause, 
as change of temperature or settlement of abut- 
ments, so that we may consider all these disturbing 
causes under one head, allowing for the greatest 
alteration of spanthat is likely to occur in practice 
from their combined action. 

Before doing so, it is only necessary to say of 
Class IV., that the typical suspension bridge will 
have the ends of its auxiliary girder rigidly fixed in 
the abutments, the arched rib, Fig. 23, will have 
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square ends fixed to bedplates or skewbacks, and 
the suspension rib, Fig. 23a, will be attached at the 
iers by both flanges or chains. Thus the girder 
Canal in each case a girder with fixed ends, and 
is therefore much stiffer than the independent girder 
of Class III., and suffers a greater strain in under- 
going a given deflection; anda further complication 
is introduced in the uncertain value of the bending 
moment at the abutments, which will be affected b 
all four of the disturbing causes above pases f 
and is not even necessarily the same at both abut- 
ments. Thus we not only do not know the length 
of the ordinates in Fig. 22, but we also do not know 
the position of the datum line from which to set 
them off. The exact solution of the whole problem 
has formed the subject of elaborate mathematical 
investigations, whose results haye generally been 
expressed in such complex form as_to be of little 
use for practical purposes, and engineers have some- 
‘ times been content to assume that H = Bs , and 
a 
that this horizontal thrust combined with the 
vertical forces at the springing is all that,need be 
considered, thus ignoring what is in many cases the 
chief part of the strain to which the structure is 
liable. Mr. Baker has however rendered good ser- 
vice in bringing the subject within the reach of the 
practical man, and the rules given by him for the 
proportions of arched ribs with rounded and with 
fixed ends, are probably as simple as any that can 
be deduced. consistently with a due Fe ap eee of 
the various operating conditions, while their results 
appear to agree very well with those of more elabo- 
rate calculations, ‘The case is first treated upon the 
forced assumption that the rib is subject to elastic 
transverse deflection under the irregular load with- 
out being subject to elastic compression of its whole 
length, and the following formule. are given: The 
sectional area of the rib at the springing when there 
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is no bending moment (as in Class III.) is of course 


Ws ja? F " 4 
aay (1 +—* ), # being the working unit 


strain. . Then for ribs of Class III. the area at the 
haunch, in order to meet the bending stress of the 


a +2 +w—1 
irregular load, is to be Az=A.*% * 
w 
being the ratio of the total load to the rolling load, 
and:d the depth of the rib, supposed uniform. ‘The 
area at the crown is to be A, AtAs 
For ribs of Class IV., the area at the springing is 
a4 3 ree 
tobe As= ASS 4 
w 
A+A, 


and the area at the 


crown A, = 


Next, the shortening of the rib under compres- 
sion and its consequent deflection and bendingstress 
are brought into the calculation, and the flange 
strain F in tons per square inch is given as follows: 

For Class III., at the crown F=T c 

a 

For Class IV., at the crown F=T-2% 
a 

For Class IV., at the springing F=T > ¢ 

2a 


T being the mean direct thrust. The strain F is, 
of course, plus in one flange and minus in the other, 
and by cottering up the rib so as to put an initial 
bending stress upon it the other way, this strain 
may be annulled under the full load. The contrac- 
tion of span required for this purpose depends upon 
the elasticity of the material, but the strain F which 
takes place if the rib is not cottered up is evidently 
Se of the material, for the same elasticity 
which permits a great shortening of the rib will 
at the same time permit a proportionally great de- 
flection with the same flange strain. Finally, the 
flange strain F, due to the alteration of span caused 
by an effective change of temperature of 30 deg. 
Fahr. either way, is given for a wrought-iron rib as 
follows, in tons per square inch : 


For Class IiI., at the crown F,=2.75 & 
a 


For Class IV., at the crown F,=4.12 4 
a 


For Class IV., at the springing F,=5.15 s 
a 
This change of temperature is equivalent to a move- 
ment of } in. in a span of 100 ft., and is assumed to 
be a sufficient allowance for an English climate, but 
for extreme climatic changes F, will have to be 
multiplied by 24. 

We have seen that the alteration of span required 
to produce a given flange strain F is dependent 
upon the material, being greatest for the most 
elastic material ; and, conversely, the flange strain 
F, produced by a given alteration of span is least for 
the most elastic, and greatest for the most rigid ma- 
terial. {We sometimes hear it said that the difficulties 
which beset the engineer in dealing with the iron 
arch, as compared with its prototype of stone, arise 
from the greater elasticity of the former material ; 
it appears, however, that we ought rather to regard 
this elasticity as the one redeeming feature of the 
iron arch as commonly constructed, If we were 
dealing with avery rigid inelastic material we should 
find it practically impossible to construct an arched 
rib without a central hinge, for while the flange 
strain F due to deflection under the load would be 
exactly the same as in the more elastic iron rib, the 
strain F, due to independent alterations of the span 
would be indefinitely greater. If a perfectly in- 
elastic rib were accurately fitted between its abut- 
ments, the slightest alteration of span would either 
crush the rib or leave it without any abutting 
support. 

e have found the bending action of the irregular 
load could be economically dealt with, in bridges of 
Class I. or HL., by giving a sufficient depth to the 
rib, and indeed that if the depth is properly pro. 
portioned, the bending stress may almost be dis- 
regarded ; but in the continuous rib of Class ITI. or 
IV., the flange strains F and F, are directly pro- 
portional to the h of rib; the economic depth 
will therefore be limited on the one hand by the 
changes of temperature to which the bridge is liable, 
and on the other band by the ratio of rolling load to 
total load, 





With the help of the above quoted formule we 
are enabled to what will be the best depth of 
rib for any case, and to determine the 
area of metal necessary to meet the various strains 
arising from the bending action of the rolling load, 
from change of temperature, and from any allowed 
imperfection of adjustment and yield of abutments, 





THE CLAUSTHAL WORKS.—No. IL. 
CRUSHING AND SoRTING OF THE ORE. 

Tue ores to be crushed, from whatever mine they 
come, are brought into the ore-crushing house 
marked 4 in the general plan of the works which 
we gave on page 35 ante; sections and a plan of 
this crushing house being shown by Figs. 1 and 2 of 
our two-page engraving which we publish this week, 
and Fig. 3 on page 65. The ores are conveyed to 
the crushing house in wagons, out of which they are 
tipped on to screens a 4c, Fig. 3, these screens being 
partly inclined and partly horizontal. The screens, 
of which there are six, are composed of wrought-iron 
bars 3}in. by gin. in section, bolted together, and 
kept at a distance of 2}in. apart by means of cast-iron 
collars 2} in. in diameter, 2}in. long. They serve to 
separate the smalls (“‘ Grubenklein”) from the knock- 
ings (‘‘ Wanden”), the former falling through the 
screen into the ye d, from which it is gradually 
fed by means of the cast-iron revolving cylinder ¢ 
(Figs. 1 and 3), which forms the bottom, to the re- 
volving sorting riddles. 

The cleaner stuff ore and ore for spalling 
are separated at once-from the knockings, which 
are caught on the screen, and are thence scraped off 
into the shoot g, by which they are conducted to the 
stone crusher 4, After passing through the crusher 
the knockings are conveyed to the separating riddles 
i by a sheet-iron shoot, without any particular feed- 
ing apparatus. The stuff ore and ore for spalling 
are lowered by a hoist s, Figs. 1 and 2 of our two- 

age engraving, to the ground floor of the building, 

rom which they are taken into the sorting house for 
dry ores to be hand picked, The spalling takes place 
outside the building. 

The stone crushers, six in number, are capable of 
crushing from 5 to 7 tons of ore per hour. They are 
constructed on Blake's principle, the jaws being made 
reversible, on account of which the frame of the 
machine is made of the same breadth for the whole 
height. Half of the machines are being tried 
experimentally with a movable wedge support for 
one of the knee levers; and in the other half the 
support is fixed. 

All the sorting riddles are constructed with cast- 
iron arms and perforated sheet-iron cylinders. 
When the axis is horizontal the riddles are made 
conical ; those for the smalls, which are 9 ft. long, 
have diameters at the two ends of 2 ft. Yin. and 
3 ft. 6in. respectively, while those for crushed ores 
are 6ft. long, and the two ends are 2 ft. 9in. and 
3 ft. 3in. in diameter respectively. ‘The conical 
form thus gives a uniform inclination for both 
riddles of 1 in 24. 

The separation of the crushed ores takes place 
in a dry condition, that of the smalls with the 
assistance of water, which is introduced along a 
length of about one-third of the riddle by means of 
the small pipes & (Figs. 2 and 3) connected to the 
main water pipes. This water afterwards runs off 
from the receptacles for the separated ores through 
sieves, and passes with the finer particles which it 
has washed from the smalls along the channel / 
(Figs. 1 and 3) into the cistern m, and from thence, 
for further clearing, into a system of settling tanks 
outside the crushing house, ‘The cleared water is 
led through cast-iron piping to a water cistern in 
the coarse separation house marked 1 on the general 
plan on page 35 ante, and of which we shall speak 
presently. The deposited slime and ore from the 
clearing cisterns outside the crushing house, as well 
as that in the cistern m, is taken out when necessary 
and brought to the coarse and fine separation houses, 
and has during the transport to be lowered to the 
lower level of the coarse separation house by means 
of the hoists marked / and m on the general plan on 


page 35. 

All the riddles make 12 revolutions per minute, 
the holes being 32 mm. (1.26 in.) in diameter, so that 
the smalls as well as the crushed ore are separated 
into but two chief divisions ; namely, such pieces as 
are above 32 mm. in diameter, which collect in the 
receivers 2 ” on each side; and such as are under 
32 mm. in diameter, which collect in the receivers 0 0 
in the middle. These receivers have inclined bottoms, 
and are provided with cast-iron sliding doors, which 





are raised a time to ee te nae is allowed 
to slide or fall out into — or er —— . 

The stone crushers and riddles are driven by a 
single cylinder Corliss ye which, during the 
sinking of the shaft, also drives ageras. The 
arrangements of the driving shaft, pulleys, &c., will 
be clearly seen from Fig. 3, page 65. 

The ore under 32 mm, (1.26 in.) in diameter is 
transported along the tramway p to the hoist / (see 

meral plan page 35) and so fet down to a lower 

evel in order to be taken along the tramway o ¢, and 

there tipped over on to the tip-ground, or, by means 
of the lower lying hoist m, at once to be let down 
on to the level of the tip-ground, and by means of 
the tramways here laid down transpo at once to 
the coarse separation house 1. 

The ore above 1.26 in. in diameter goes for picking 
and cobbing into the two sorting houses i and £4; 
that from the smalls into the first, which is 100 ft. 
long ; and that from the crushed ore into the second, 
which is 150ft. long. The internal arrangements of 
the two sorting houses are similar, and will be 
readily understood without engravings. On a raised 
floor are laid down two sets of rails which serve the 
first for the full, and the second for the empty 
wagons. These rails are on the same level as the 
ground floor of the crushing house, and correspond 
with the tramways q q, Fig. 3, page 65. 

The ore to be picked having been brought to the 
sorting house in wagons is tipped into a large recep- 
tacle formed by two walls made of a these walls 
being so nearly the length of the building itself that 
only a passage of moderate width remains next to 
each end wall. These two long side walls do not 
quite reach down to the picking table, but leave a 
slit 12 in. high, through which the ore falls of its 
own accord, or according to necessity is scraped out 
by the picker, with a peculiar shaped scraper called 
a ‘“Kratze.” The floor of the receiver is formed of 
a long wall of masonry, triangular in section, which 
divides the ore into two equal parts towards each 
slide. Smaller receivers (square in horizontal sec- 
tion) are provided to receive the picked ores ; they 
are fitted at the front with sliding doors, which 
being raised the ore falls out into wagons for further 
transportation along the tram x x (see general plan, 
page 35). In the] larger building % for crushed 
ores, there are thirty-four such receivers on each 
side, and in the smaller ; there are twenty-two on 
each side. The size of the receptacles is such that 
they hold rather more than sufficient to fill one of 
the wagons. The sorting houses are also provided 
with small channels of sheet iron, the upper ends 
of which correspond to notches in the picking table, 
in which they are inserted, while each channel 
terminates above one of the small receivers. These 
channels are for the purpose of enabling the poor 
ore (“‘ Berg-erz”) which forms the greater part of the 
ore to be picked, to be at once delivered by means of 
the scraper to the receivers. ‘There are twelve of 
these channels or shoots on each side in the longer 
building &, and eight on each side in the shorter i. 
The pickers —boys from about nine to thirteen years 
of age—stand at the picking table between these 
channels. The picking boxes rest on horizontal 
po, which are attached to the side walls of the 

arge central receptacle along their whole length, 
and when full the boxes are emptied into the small 
receivers. Along the two front walls of the build- 
ing are the cobbing tables where the picked ore is 
cobbed. 

The crushed ore is pickedin a dry condition; the 
smalls with the assistance of water, which is supplied 
through cast-iron pipes. ‘The water after being 
thus used is drawn off through openings in the pick- 
ing table into a suitable channel and thence into 
the settling tanks outside the building. From 
these the cleared water in common with that 
from the washing and separating riddles of the 
smalls in the crushing house, is led through cast- 
iron piping to the coarse separation house. The ore 
which consists of galena chiefly, zinc blende and 
copper, and iron pyrites, is separated by picking 
and cobbing as follows: 


ri 1. Stuff ore, or prills. 
| 2. “ Ausschlage-erz,” or picked ore. 

Gelena, 8. “ Walz-erz,” or ore for crushing. : 
44.6 Poch-erz,” or ore for stamping ( Halvings). 


5. “ Berg-erz,” or poor ore, 
6. “ Berg,” or attle. 
M4 Genpes rites. 
0 . 4ron Tites. 
Pyrites. + 9° Markasite (*. Wasserkies”). 
10. Zine blende. 
The pyrites are sent to the dressing-works in 
Polsterthal, to be dressed for the sulphuric acid, 
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ORE-DRESSING WORKS AT CLAUSTHAL. 
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SECTION OF COARSE SEPARATION HOUSE. 


copper smelting and vitriol works = 
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without further dressing. The attle, 


Fig. 3. 














which has been separated by pick- 





ing and cobbing, is transported along 
the tramway marked nos on the 
general plan on page 35, to be tipped 
over into the Zellerfeld Valley. The 
picked and cobbed stuff ore is let 











down by different hoists (of which 
we shall s hereafter) on to a H 
lower level for more convenient 
transport to the stamps for stuff ore, ‘ 
marked 17 on the general plan. 

All the remaining classes of ore 
are transported according to cir- 
cumstances, either along the rails © 




















no, to be tipped over on to the 
tip-ground, or are lowered by the 
hoist m, on to the level of the tip- 


al 

















ground, and then along the rails ~~ 
which are there laid down to the 
crushing rolls for coarse ore, 6, 6, 
for further dressing. So far as we 
have yet followed the dressing, we 
have described in the crushing build- 
ing, the separation of the smalls 
from the knockings, the crushing 
of the latter, the washing and sepa- 
ration of the smalls, as well as of 
the crushed ore, into two sorts, 
namely, first, pieces 1.26 in. in dia- 
meter and under, and second pieces 
above 1.26 in. in diameter; and 
then in the two sorting buildings 
the picking of the pieces above 1.26 in. in diameter, 
and the subsequent cobbing. 

7 these processes, there are obtained for the 
further real dressing operations, two chief, and 
essentially different, sorts of ore, namely one con- 
sisting of a most heterogeneous mass of ore in 
pieces under 1.26 in. in eter, and an already 
qualitatively sorted coarser portion. 

Both classes are transported (from the crushing 
or sorting house respectively), according to circum- 
stances, existing requirements, &c., to the lower- 
lying dressing works by means of the previously 
mentioned hoists, or they are stored up on the tip- 
— so that as far as regards the further 


ES ee 


“alist: 
Ae 


ressing operations we may consider the latter 
(i.e., tip-ground) as our starting point. We may, 
however, first remark that the object of the 
dressing is not only the separation from earthy 














CRUSHING HOUSE. 


impurities, but also the reduction of the galena to 
a fine state of division (“Schleich”) suitable for 
smelting operations as carried on in the Hartz, 


Tue Coarse SEPARATION House. 


The ore under 1.26 in, is next transported for 
separation to the coarse separation house, which is 
represented in longitudinal section and plan by 
Figs. 4 and 5 on our two-page engraving, and in 
cross section by Fig. 6 on the present page. 
The riddles are driven by a turbine a (Figs. 5 
and 6) laid down close to the back wall, and driven 
by a head of 18 ft. From the vertical axis 
of this turbine the power is transmitted by a 
pair of bevel wheels to the cross driving shaft 4 c of 
the building, and thence by means of the four small 
counter-shafts d d, e e to the riddles themselves. 
The arrangement of the pulleys and straps is 








stn, enamt a the water 
means water necessary for the 
Fiddles ts conducted from the supply pipe / (see Fig. 
ae the turbine, The smaller pipes, which conduct 
he water from the chief water mains to the te 
riddles, are omitted in this as in the other engrav- 
ings to avoid unn complication, The ore to be 

through the is brought along the rails 
gh, . 4 and 6, and tipped into the hopper é, from 
which it is gradually fed (in the same manner as in 
the sorting of the smalls in the crushing house) by 
means of an iron roller 4 (which is set in slow rota- 
tion by an endless screw and worm wheel), and 

into an underlying inclined sheet-iron channel, 
along which it slides to the upper riddle, 

As is at once to be seen from Figs. 4, 5, and 6 the 
coarse separation machinery consists of four similar 
apparatus, each consisting of three riddles. The 
riddles (similar to those in the crushing house) are 
constructed with cast-iron spokes and perforated 
sheet-iron plates. The riddles have a cylindrical 
form, so that the axes are inclined, and have here 
as in all the separation riddles an inclination of 1 in 
24. In each apparatus the upper riddle has a 
length of 9 ft, and a diameter of 3 ft., whilst the 
two lower riddles are each 6ft. long and 2 ft. in 

The upper riddle has three equal divisions (i. ¢. 
each 3 ft. long), with different-sized holes, namely, 
1.26 in., 0.7 in. and 0.526 in, in diameter, whilst the 


-|two other riddles have only two such divisions, 


the upper one with holes of 0.39in. and 0.295 in. 
diameter, the lower with holes of 0.22 in. and 
0.166 in. in diameter respectively. 

Corresponding to these different sizes of the 
riddle holes, we obtain the following seven dif- 
ferent sizes of ore: 


in. 
1. Above 1.26 P 
2. Between 1.26 and 0.7 picked. 
A ..@ Oleg eee 
4. 4, 0.526 ,, 0.39 | Sent to coarse 
6. 99 0.39 , 0.295} jigging ma- 
6. pe 0.296 ,, 0.22 chines. 
7. go GS , O10 


The sizes 1 and 2 are destined to be again picked. 
They are collected in the receivers / /' (Figs. 5 and 
6), which are on the ee floor of the separation 
building, and from which they are allowed to fall 
into the wagons by simply raising the cast-iron 
sliding doors attached to the perpendicular side 
of the receivers; from thence they are trans- 

orted in the wagons to the adjoining picking 
ouse marked 3 in the general plan, and to which 
we shall later on refer, 

The sizes 3 to 7 constitute the material for the 
coarse jigging machines, which we must provisionally 
pass by to consider the portion under 0.166 in. in 
diameter, which of course also falls out in this sepa- 
ration in larger or smaller quantities, according to 
circumstances. For the reception of the finer portion 
there is a sheet zinc hopper under each separating 
apparatus, this hopper being indicated in Fig. 6 by m, 
and in Fig. 5 by dotted lines under each of the 
middle riddles. By this hopper a separation of the 

articles between 0.166 in. and 0.039 in. in diameter 
rom the still finer slime and silt is effected. 

The first — (composed of particles between 
0.166 in. and 0.039 in. in diameter) is drawn off 
through the spout of the hopper along the channel 
n, Figs, 4 to 6, which leads to the fine separation 
house, which latter lies directly to the front of the 
coarse separation house, as shown in the general 
plan on page 35. 

The finer portion (slime and silt) on the contrary, 
passes over with the water through a gap in the 
upper edge of the zinc hopper, along the gutters 0, 

ig. 5, of which each two unite into one, before 
leaving the building. By means of these channels 
the water is led into two systems of settling tanks, 
each consisting of six tanks p p: the situation of 
which is shown in the general plan. 

The water carrying the slime and silt circulates in 
each of the six tanks successively, depositing the 
heavier portion; the cleared water passing back 
along the gutter 9, Fig. 6, into the building, and 
into the sunken tank r, Figs. 5 and 6, and thence 
through the pipe s, Figs. 4 and 5, to the lower-lying 
buildings, where it is used as clear water. 

The slime deposited in the tanks p p, is drawn off 
through the spout beneath, and led through cast- 
iron piping (indicated in the general plan on page 
36 by a single dotted line) to the suxiliary washing 
house marked 10, to be there further by 
jigging and buddling. 
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PATENTS.—No. VII. 
NOTES FOR THE GUIDANCE OF INVENTORS. 
By W. Lixorp Wise, A.1.C.E. 

AUSTRIA AND HUNGARY. 
Extent.—239,034 square miles. 
Population. — 35,904,435. 
Products—Manufactures—Remarks.—Among the 

products of some of the principal ——— are rye, 
oats, and barley (largely used for distillation in 
Galicia), wheat, maize, grapes—from which wine is 
very extensively made—tobacco, flax, hemp, silk, 
beetroot, hops, rape, hemp, poppies—for the manu- 
facture of oil—wool, hides, &c. The mineral pro- 
ductions include coal, copper, gold, iron, lead, 
quicksilver, silver, tin, and zinc. There are many 
sheep in Hungary, the number being estimated at 
12,000,000 and the yield of wool at 340,000 cwt. 

‘Trade and industry are by no means equally ex- 
tended over the whole territory, while the greater 
portions of Hungary and Galicia have an agricul- 
tural population, several industries are highly de- 
veloped in Lower Austria; Bohemia, Moravia, 
Styria, &c. 

Cloth is manufactured at Briinn, Bielitz, Reichen- 
berg, and several small towns in Northern 
Bohemia ; so also are fancy articles. 

Cotton manufactories are numerous, and of some 
importance in Lower Austria (environs of Vienna), 
Moravia, and Bohemia, ‘The linen industry 1s 
chiefly in Silesia. 

Iron foundries, and establishments for construct- 
ing machines are numerous at Vienna, Briinn, &c. 
A very important establishment is that of G. Sigl, 
of Vienna, where locomotive, marine, pumping, and 
stationary engines are largely made. 

Iron works are numerous and important in Styria 
(Zeltweg, Eisenerz, Vordernberg, &c.), and in 
Hungary, where there are the works of the State 
Railway Company. 

In Bohemia the manufacture of glass is con- 
ducted to a considerable extent. 

‘Tbere are chemical worksin Viennaand environs, 
in Bohemia, &c. ‘There are numerous sugar mills 
and refineries producing almost exclusively beetroot 
sugar. In 1872-3 the number of such mills was 256. 
The quantity of beetroot treated was 28,425,226 
cwts, 

Vienna is famous for the manufacture of piano- 
fortes and other musical instruments ; also for fancy 
articles, such as albums, purses, cigar cases, &c. 
There are likewise extensive manufactories of saloon 
matches, 

The manufacture of silk is conducted principally 
in the south of the Tyrol, but silks, and principally 
silk ribbons, are produced also in Vienna. 

The following ‘Table shows the value in florins* 
of the imports and exports for the year 1874. 

















Articles. Imports. Exports. 
florins florins 
Colonial goods and southern fruits} 31,338,933 | 18,270,250 
Tobacco 2 we ce ...| 39,756,400 3,781,620 
Garden and field fruits ... | 67,079,530 | 43,457,890 
Animals... “a ae .| 19,465,457 | 8,428,095 
Animal products ... 13,808,711 | 18,328,146 
Grease and oils bs 21,923,519 | 4,576,967 
Eatables and beverages ... 4,567,151 | 7,631,072 
Building materials and fuel .| 21,088,273 | 42,661,377 
Chemical articles and their com-| 42,346,797 | 5,788,617 
pounds asd ee | 

Metals el ina sin .-| 15,115,530 | 8,741,511 
Woven and worsted stuffs | 90,958,456 | 40,775,936 
Yarns ve awe, ee, eee $8,962,440 | 17,920,065 
Woollen and worsted goods .| 63,772,006 | 61,855,924 
Straw and paper goods ... ..| 4,389,582 | 11,338,929 
Leather and leather goods ---| 15,496,410 | 11,469,195 
Bone, glass, clay, &c., goods ...| 18,734,230 | 39,758,716 
Metal goods ‘ ost .| 15,521,952 | 20,074,539 
Vehicles 5 ; ; 994,158 | 9,480,420 
Machines, instruments 22,929,493 | 60,482,321 
Chemical products .| 6,802,980| 7,467,161 
Objects of art and virtu ... 15,164,840 | 7,666,085 
Waste materials ... a 399,090 | 1,722,261 

Total -++ (565,615,888 452,257,103 





Since 1869 the mining industries have been greatly 
developed, and the values of mining production are 
even more favourable than the increase of the pro- 
duction itself. The number of “ mining grants” in 
1873 showed an increase for the entire empire of 
nearly 55,000 on that of 1869, and this increase 
would appear to be principally caused by the desire 
for the discovery of mineral coal beds, more _parti- 
cularly in those provinces which by constructing 


* 1 florin=2 shillings. 














new railways offered greater facilities for profitably 
working such discoveries. Besides the coal grants, the 
increase above mentioned included exploration grants 
for iron, lead, silver, and zinc ores, copper, sidero- 
calcite, graphite, sulphur, and petroleum. The area 


of mining grants in 1873 was 11,217,000,000 square 
fathoms. ‘There were in 1874 2100 German miles 


of railways open for traffic, and by the end of the 
present year there will be in addition over 164 
German miles opened. / 

In 1871 the total tonnage (in English measure- 
ment) of sailing and steam vessels, distinguishing 
national and foreign, engaged in the foreign trade, 
entered with cargoes and in ballast at Austrian ports, 
was: Austrian (including coasting trade) 12,807,563 
tons ; foreign, 517,384 tons. 

Laws, §c., relating to Patents —Law of 15th 
August, 1852.—Rules of 5th October, 1852.— 
Notification of the Imperial and Royal Ministry of 
Commerce, dated 8th June, 1867.—Notification of 
the Imperial and Royal Ministry of Commerce, 
dated 14th November, 1871.—Notification of the 
Imperial Royal Ministry of Commerce, dated 15th 
August, 1874. 

Grantee of Patent.—The person to whom a patent 
is granted may be either an Austrian subject or a 
foreigner. In the case of a foreign invention, 
patented abroad, the applicant for an Austro-Hun- 
garian patent must be the owner of the foreign 
patent or his legal representative or agent. A 
patent may be taken outin the name of a firm. 

Subject Matter.—Save as mentioned below, an 
exclusive privilege may be obtained for any new 
discovery, invention, or improvement having for its 
object either a new product of industry, or a new 
means of production, or anew method of produc- 
tion. 

The term discovery is applied to the finding out 
an industrial process that may have been used in 
former times, but which has since been lost sight of 
or has remained unknown in the — 

The term invention is applied to the producing a 

new object by new means, or a new object by 
means known before, or a known object by means 
different from those used hitherto for the same ob- 
ject. 
, The term improvement or alteration is applied to 
oye apparatus, arrangement, or process added to 
an object known or patented before, and purporting 
to attain a better result, ora greater saving in the 
end of the object or in the manner of its manufac. 
ture. 

The term zewis applied to any discovery, inven- 
tion, or improvement that, up tothe time of the 
application for a privilege, has neither been worked 
nor become known through publications in the em- 

ire. 

r No privileges can be granted for preparations of 
food, beverages, and medicines, nor for discoveries, 
inventions, or improvements which cannot be 
worked for reasons of public health, morals, or 
safety, or as being contrary to the general interest 
of the state, according to the existing regulations, 

~ A new discovery, invention, or improvement 
imported into the empire from abroad can only be 
patented during the currency of the foreign patent ; 
nor can such a grant be made except to the foreign 
patentee or his assign. Under these restrictions a 
privilege can be granted for a discovery, invention, 
or improvement made abroad, provided it has not 
yet been worked in the empire. 

Improvements of inventions already known or 
patented can only be patented with the restrictive 
clause that the patent does not refer to the whole 
article, but only to the improved part. 

Scientific principles, or purely scientific theorems, 
cannot be patented, even if the principle or theorem 
admit of a direct application to industrial objects, 
But a patent may be granted for any such new ap- 
plication of such principles or theorems as leads to 
the creation of a new industrial product, a new 
means, or a new method of production. 

Two or several discoveries, inventions,or improve- 
ments that are different from each other may only 
be united into one patent if those discoveries, in- 
ventions, or improvements relate to one and the 
same object, as component parts or operative means. 

Searches, Official Publications, §c.—There is no 
official examination respecting the novelty or 
utility of a discovery or an invention or improve- 
ment sought to be patented. The intending 
patentee must search for himself or accept the con- 
sequences of not doing so. 

All patents issued are immediately entered in a 
register at the Ministry of Commerce, where all 








drawings and models of patented inventions are 
kept. ese archives are accessible to the public, 
who, except when secrecy has been demanded by 
the patentee, can take copies. 

A report, describing the patents registered, is 
made periodicaliy to the Minister of Commerce. 

An annual report of the same tenor is published, 
and déscriptions of useful inventions, of which the 
patents have expired, are likewise from time to 
time published for the public use. 

The publications of the English Commissioners of 
Patents, by the examination of which, of course, 
great light will be thrown on the question of novelty 
of any invention proposed to be patented in the 
Austro-Hungarian Empire, have been presented to 
the Athenzum, Vienna. 

Application for Patent—Procedure—Costs, §c.—On 
the establishment of the dual system of government 
in Austro-Hungary, it was decided by a special 
agreement between the ministers of Hungary and 
Cisleithania, that the Imperial Decree of 15th 
August, 1852, should remain in force throughout 
the whole empire. 

In accordance with the terms of this agreement, 
the Cisleithanian and Hungarian Ministers of Com. 
merce submit to mutual approval the inventions 
for which they intend granting patents—a process 
which in practice causes considerable delay in ob- 
taining a grant—subsequently to such approval each 
ministry issues patents, bearing identical dates, for 
its respective division of the empire. Thus, to 
secure the exclusive right to an invention in Austria 
and Hungary, two patents must be obtained. These 
are, however, granted on a single application, ad- 
dressed, at the choice of the applicant, either to the 
Cisleithanian or Hungarian Ministry of Commerce, 
and on one payment of the fees, The patents thus 
issued are tikewise valid in the principality of Lich- 
tenstein. 

Applications for patents are made by depositing 
with any Prefecture or Provincial Government a 
petition, the receipt of a public treasurer, showing 
that the tax for the term applied for has been paid, 
a gous of attorney (when an agent is Sam 6g to 
deliver the petition), a specification in duplicate de- 
scribing the invention, under sealed cover (with 
duplicate drawings and patterns, if needful). On 
the cover is to be written the comprehensive title of 
the discovery, invention, or improvement, corre- 
sponding with the statement made in the petition, 
and the address of the applicant or his agent, andin 
cases of discoveries, inventions, or improvements 
imported from abroad, the law provides for the 
deposit of the foreign letters patent, or an authen- 
ticated copy; but this is not always required in 
practice, unless the foreign patent be mentioned in 
the power of attorney. 

The petition must contain (]) the Christian and 
surname, profession and residence of the applicant, 
and in case of his not being settled in the empire, 
also the name, profession, and residence of a proxy 
domiciled in the empire; (2) the comprehensive 
title of the discovery, invention, or improvement ; 
(3) the number of years (not exceeding fifteen) for 
which the patent is demanded; (4) the statement 
whether the discovery, invention, or improvement 
is to be kept secret or not. The tax to be paid on 
applying for a patent-will depend on the number of 
years applied for, being at the rate of 21 florins a 
year for the first five years: for patents of more 
than five years the tax is as follows—six years 
136.50 florins, seven years 173.25 florins, eight years 
215.25 florins, nine years 262.50 florins, ten years 
315 florins, eleven years 378 florins, twelve years 
451.50 florins, thirteen years 535.50 florins, fourteen 
years 630 florins, 15 years 735 florins. There are 
stamp duties of 3 florins on the petition, 50 kreutzers 
on the power of attorney, and 15 kreutzers on each 
sheet of specification and drawings. The specifica- 
tion must fulfil the following conditions :— 

1. It must be written in German, or in the usual 
language of the province where the application is 
made, and be signed by the applicant, or the man- 
datory named in the petition. 

2. It must contain the detailed description of the 
discovery, invention, or improvement, as indicated 
in the petition by its essential features. 

3. [t must be drawn out in such a manner as to 
enable all competent persons to manufacture the 
article according to that specification, without the 
addition of new inventions, additions, or improve- 
ments. 

4. The novel feature which constitutes the object 
of the privilege must be characterised and pointed 
out in the specification. 
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5. The discovery, invention, or improvement 
must be demonstrated in a clear and plain manner, 
and there must be no ambiguities that might lead 
astray, and which are contrary to the end pointed 
out in 3. 

6. Nothing about the means or the modus - 
randi toust be kept secret; thus it is not permissible 
either to indicate means that are more expensive or 
do not produce the same effect, or to conceal arti- 
fices essential to the success of the operation. 

The authorities to whom a petition is delivered 
are to examine, in the presence of the applicant :— 

a. Whether the petition is in due form, and has 

been signed ; 

6. Whether the required documents are annexed ; 

c. Whether a receipt for the prescribed tax is 

enclosed. 

If the public officer of the Provincial Government 
finds the petition in good order in this respect, he 
inscribes, in the presence of the applicant, on the 
cover of the specification, the day and hour of the 
delivery and the amount paid, and hands over to the 
applicant a certificate setting forth the name and 
residence of the applicant or fis agent, the day and 
hour of the delivery, the payment of the tax, and 
the discovery, invention, or improvement, as laid 
down in its essential features in the petition. 

That day and hour settle the priority of the 
alleged discovery, invention, or improvement; that 
is to say, every opposition on the ground of a 
similar discovery, invention, or improvement made 
or practised after that term is considered null and 
void, and ineffectual to refute and annul the novelt 
of the discovery, invention, or improvement whic 
has been announced and described in due order by 
the applicant for a privilege. 

If any defect is found out at the examination of 
the petition, the latter is returned to the applicant 
that he may amend it. 

The provincial governor has to examine the peti- 
tion as to whether the annexed documents fulfil the 
prescribed conditions, and particularly as to whether 
the patent article inscribed on the cover of the 
specification corresponds with the indication made 
in the petition, and whether the latter is duly 
signed. 

Governors are authorised to employ experts if re- 
quired for such an examination; but their secrecy 
must be secured by oath, and they may not open 
the specification. 

Should the governor think the article to be pa- 
tented absolutely unfit for the privilege, he is to 
inform the petitioner thereof, requiring him to with- 
draw and give a receipt for the sealed specification, 
as well as to receive back the tax paid up, or other- 

wise to appeal to the Ministry of Commerce within 
the term assigned in the regulation of trades. 

Should it appear that the annexed documents do 
not answer the requirements, or that the object of 
the privilege, as indicated on the cover of the sealed 
description, does not correspond with the contents 
of the petition, the governor is to keep back the peti- 
tion, and to assign a proper term for the amendment 
of the defect. Should that term not be observed 
the petition is to be returned. 

All petitions in due form, as well as those that 
have been amended within the prescribed term are 
to be submitted by the governors together with the 
sealed specifications, and all other documents, to the 
Ministry of Commerce 

The Ministry of Commerce is to re-examine 
whether all the formalities have been fulfilled, and 
has the exclusive authority to open the sealed speci- 
fication and see : 

a, Whether the specification is written in a current 

language, and whether it is duly signed. 

4. Whether the matter to be patented does not 
comprehend several different objects requiring 
a division. 

. Whether the title of the invention is the same 
in the petition as on the cover of the annexed 
specification, and as in the specification itself; 
moreover, whether the specification possesses 
that degree of clearness and intelligibility re- 
quired by law, particularly whether the required 
drawings, patterns, and models are present, 
and whether all purely formal requirements 
about the same have been observed. ' 

d. Whether the object to be patented as indicated 

in its essential features in the petition and on 

the cover of the specification is not con to 


i) 


sanitary laws, or to other public regulations, 
whereby it becomes entirely unfit fora privilege, 
or fit only under certain conditions and restric- 


Specifications are examined at the Polytechnic 
Institution of Vienna or that of Pesth. 

There being no examination whatever as to the 
novelty or utility of the discovery, invention, or 
improvement before the granting of the privilege, 
no guarantee is given by the Government, which 
delivers the patent in this respect at the sole risk 
and expense of the patentee. 

Should the Ministry and Technical Commission 
find that the invention is proper e-aeie 
for a patent, and that all the prescribed forms have 
been duly complied with, the patent will be issued. 

Should the description of the invention be in- 
correct, or should the invention be deemed not 
patentable, the documents are returned to the 
applicant, the reason for that course being men- 
tioned, and repayment of the tax ordered. However, 
where the ground of objection is such as may be re- 
moved by amendment of the application, the re- 
jection will take place only after the applicant has 
failed to amend the application as required within 
the proper time assigned to him for that purpose, 


SLAG WOOL OR SILICATE COTTON, 
To THE EDITOR OF ENGINEERING. 

S1r,—With reference to the communications on the above 
subject which have appeared in ENGINEERING, I believe I 
am correct in stating that the inventor, the late Mr. 
George Parry of the Ebbw Vale Iron Works, used slag 
wool as a manure, but with what degree of success I am 
unable to state. 

Mr. John a Aw of the inventor), the analytical 
chemist to the Ebbw Vale Steel, Iron, and Coal Company, 
would I have no doubt be able to furnish further particu- 
lars respecting this substance. Yours, &c., 

January 25, 1876. B. E. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

A Chemical Mamufactory destroyed by Fire.—On Tues- 
day morning about ten o’clock a fire caused, as is supposed, 
by a workman having dropped a quantity of red-hot cinders 
from a shovel, in which he was carrying them, upon some 
inflammable materials, broke out on the very extensive pre- 
mises of the Aire and Calder Chemical Works at Castle- 
ford, near Pontefract. Owing to the fact that the whole 
of the materials about the were of a highly inflam- 
mable and explosive nature, theconflagration spread with the 











greatest rapidity, and nearly the whole of the chemical 
chambers, dis iNleries, and other a were destroyed. 
The done is estimated ata high figure. The premises 


have once before been destroyed by fire. 


The Price of Steam Coal.—The members of the South 
Yorkshire Steam Coalowners’ Association held a general 
meeting at Barnsley yesterday and discussed the depressed 
state of the trade at considerable length, deciding ulti- 
mately to make no aa in the present price of 12s. 6d. 
per ton during the month. 


Experiments with Dynamite near Sheffield.—On one or 
two occasions within the past year or two, experiments 
have been made in this vicinity in order to test the powers 
of dynamite as com with other explosives. Last 
week these were continued at Wingfield Park, near Amber- 
gate Junction on the estate of J. 8. Smith, Esq., managing 

irector of the Sheepbridge Iron and Coal Company, near 
Sheffield. The experiments were condu by Mr. John- 
son, of Dudley. The dynamite cartridges were first placed 
in specially bored holes in oak and elm-tree roots, which 
were blown to pieces, as also was a tremendous piece of 
rock by a 14 in. diameter cartridge. Mr. Johnson, in 
the course of some remarks on the — and safety of 
dynamite, explained its composition, and stated that it 
eady commands an annual sale of 3500 tons, equivalent 
to 10, tons of gunpowder. He thought the prevalent 
theory as to the cause of the Br haven explosion being 
caused by the heavy fall of crystallised dynamite wholly 
incorrect, and that it must be caused by the hammer 
striking the percussion cap, which was inserted into the 
nitro-glycerine. Dynamite, said Mr. Johnson, will not ex- 
plode at a lower temperature than 450 deg. Fahrenheit, 
whilst ether explodes at 28 deg., paraffin at 120 0150 deg., 
and whisky which would burn at 170 deg. 


The South Yorkshire Miners’ Association.—The report 
of the Committee of Investigation appointed to inquire into 
the alleged deficiencies in the accounts of that es union 
was issued last Friday, and sets forth many startling 
matters. The books are said to have been so loosely kept 
that it is impossible to make out a correct statement. 
There a r to be grave deficiencies, one alone (relating 
to the Shirland Colliery purchase) of over 17001. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

. MiIppLEsBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
full attendance on ’Change at ys me sn The amount 
of business transacted was not large. For- several ny A 
previously the pig iron trade had been considerably de- 
pressed owing to th difficulties with the ironworkers, many 
of whom had refused % pooent — award of the arbitrators 
reducing their w: cent. 8' , 
Tuesday, Somes i was known that at most places in the 
North of England the men had returned to work. The 
market was consequently firmer and the price of No. 3 
Cleveland pig was 52s. 6d. per ton. 

Proposed Reduction of Blast Furnacemens’ Wages.— 











tions. 





Notices of reduction in the wages of men employed at the 





On | phalte or wood, would tend to save both human.and the life 
of horses. One locked 





blast ferneeds. in fermi Pee have been 
posted up. The notices vary, but it lerstood the 

ticipated thes the, will vesistt ~ ne gn na 
an e men resist the ue 
tions. The whole question will, it is believed, be arranged 
this week. : 

The Irowworkers’ Wages.—As we predicted last week the 
arbitrators in the North of England finished iron trade 
question decided that the wy ty the ironworkers should 
be reduced 74 iy! cent., just the amount demanded by 
the masters. It is very much to be regretted that heavy 
as the reduction was the men did not loyally accept it. At 
Stockton, Middlesbrough, and other places they sto _ 
work and occasioned great inconvenience and loss. a ey 
have, however, since returned to their work, and it is 
hoped that matters will remain settled for a few months. 
The men complain because the arbitrators, Messrs. Mundella 
and Williams, have given their award without calling in an 
umpire as they expected. — 

_ The Finished Iron Trade.—There is rather more inquiry 
in the finished iron trade. It is known that rails are re- 

uired by different railway companies, and it is expected 
that in the course of a few days contracts will be in the 
market, . Whether the Cleveland manufacturers will be in 
@ position now that the cost of production has been lessened 
by the reduction of wages, te compete successfully with 
other districts, remains to be seen. 

The Cleveland Ironstone Miners.—On Saturday the 
Cleveland miners’ wages question will be brought before 
the arbitrator, Sergeant Wheeler, at Saltburn-by-the-Sea. 
It is expected that the arbitration proceedings will be 
finished on Monday or Tuesday. 

The Coal and Coke Trades.—There is nothing new to 
report in the coal trade. The several wages questions are 
still under consideration. 

Cleveland Institution 5 Pag ineers.—The third meeting 
of the session was held in Mr. Willman’s Fine Art Gallery, 
Station-street, on Monday, the 17th inst, Mr. Thomas 
Wrightson, president, in the chair. After the usual 
routine business had been gone through, the adjourned 
discussion on Messrs. Gjers’ and Hill’s Ly * was resumed 
and carried on with much animation by Messrs. Willans, 
Hawman, Stoker, Wilson, Taylor, and others. The presi- 
dent read a letter from Mr. Gjers, who was unavoidably 
absent, containing his reply, and Mr. Hill then gave his, 
briefly defending his opinions. The — then gave 
a very exhaustive demonstration of the exact amount of 
loss of power due to clearance, the ory upon which the 
debate had mainly turned, showing that it was very small 
indeed. This wound up, perhaps, the most interesting 
discussion the Cleveland engineers have ever had at their 
meetings. On account of the large attendances at them, 
the place of meeting had to be changed in order to secure a 
larger hall. Mr. W. Henman, architect, Stockton, then 
read a very practical and well-written paper on ‘‘ The 
Economic Construction of Dwelling-houses for the Work- 
ing Classes.’’ This paper created the most lively interest, 
as it touched on many points bearing upon Stockton and 
Middlesbrough. There is likely to be an animated discus- 
sion at next meeting. Mr. Henman exhibited at the close 
a very ingenious mode of hanging windows, devised by him. 
His paper was illustrated with drawings, which will all 
appear in the printed proceedings of the Society. 








Hous Founpattons.— We have long ago called atten- 
tion to the evils which must necessarily arise from buildin 
houses on foundations formed on dust and other rubbis 
shot into hollows for filling them up after brick-clay has 
been removed. Last week a deputation waited on Mr. 
Cross, urging the Government to introduce a measure for 
preventing such breaches of sanitary laws in regard to the 
area under the superintendence of the Hackney District 
Board of Works. Mr. Ellis, the Clerk of the rd, ex- 

lained how, after sand, vel, &c., were taken out, the 
hole was replaced by the refuse of dustheaps, adding 
that the Nuisance Removal Act did not give local autho- 
rities sufficient power to deal with the evil. Dr. Tripe, the 
medical officer, pointed out the sanitary evils that resulted 
from such a nuisance, showing that while good brick earth 
in many cases was taken away, the rubbish that was 
thrown in to replace it simply made the houses erected on 
its surface hot-beds of fever. Many arguments were urged, 
and in reply the Home Secretary stated that he was fully 
aware of the danger which might arise, and while of opinion 
that the law at present existing was sufficient to meet the 
evil, he should at the same time consider if further measures 
were needful—of which we have not the slightest doubt. 


AsPHALTE PavemENT.—At a recent meeting of the 
Commissioners of Sewers of the City a petition of the in- 
habitants of the Poultry and Cheapside was presented, 
urging the substitution of wood instead of asphalte paving. 
After some remarks on the petition, Mr. E. Davis moved 
that it should be referred to the Streets Committee, op- 
posing the further use of asphalte pavement for roadways. 
A somewhat lively discussion followed, and it was stated that 
such ing firms as Pickford, Barclay and Perkius, and 
others, employing many horses in daily traffic, were utter! 
opposed to the extension of the asphalte systems. Eventually 
it was resolved to attempt to get rid of the dangerof the 
asphalte paving by careful flus We do not offer any 
opinion as to the relative value of the wood or the asp’ 
plan, but do not hesitate to say that the use of a little more 
water for ing the roadway, formed whether of as- 
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WOOD'S SHEAF BINDER. 
Im our report upon the last Smithfield Show, we alluded 


toa piece of mechanism designed by the 
Walter A. ‘ood Reaping and Mowing Machine Mane. 
facturing Company. It forms an attachment to the reaping 
and is em for binding the grain into sheaves 

as it is delivered ey her ayy hes 7 
tail. The various processes involved 


of each revolution. 2. To limit the travel of 
a vibrating arm. 8. Appliances for binding the sheaf by 
a wire. 4. The of the return motion of the 
binding mechanism after it is thrown out of gear. 5. 
The separation of the gavel, or unbound grain, from that 
being formed into a sheaf. In Fig. 1, A is a platform on 
which the grain is thrown by hand, or delivered by an endless 
band from the knives of the reaper, and above this plat- 
form is a shaft K, carried by vertical standards as shown. 
The shaft K has on it a segment gear J, engaging into the 
teeth on the arm E, in order that the latter may be moved 








through a certain distance and penetrate the loose grain, 
and carry the binding wire with it. The gearing also en- 
gages the teeth on the arm F and takes it round for a given 
distance, the return motion being effected by means of the 
pin Land the cam M. The compressing arm H has a rapid 
forward motion given it by means of the two teeth N gear- 
ing into two of the teeth O on the piece K. The binding 
head G is formed in two parts; one of these contains the 
point g (see Fig. 2) for passing through the loose grain, the 
other forms a shield containing the pinion s for twisting 
the wire, and.a cutter T. A portion of the shield between 
the points a and d, Fig. 2, is cut away, to permit the bind- 
ing wire to enter the head and pass between the teeth of the 
twisting pinion, which projects far enough on one side to 
gear into the teeth of a rack w within the guide U (Fig. 
8), a rotating motion being thus imparted to the pinion, at 
the moment that the head is passing through a slot in the 
platform A. The cutter plate T which severs the wire turns 
upon a vertical stud, and the cutting edge is thrown into 
action by means of one of two projections 7, which come 
into contact with a suitable curved path in the guide U, 
immediately after the twisting of the wire round the sheaf 
has been effected. The free end of the wire is held firm by 
a clamp V, and retained there while the head makes its 
way through the next bundle of loose grain. A roller 7 is 
added to the head to reduce the friction as the latter passes 
along the platform. The binding wire is carried on a spool 
placed on the spindle I beneath the platform A, and thence 
it passes to a tension drum also underneath the platform ; 
two turns of the wire are passed around this drum before it 
is led off to the head G. 
position of the apparatus on the reaper can be ad- 
so that the sheaves can be bound close to 
the ears, near the roots, or in any intermediate position that 
may be required. The arms H and F between which the 
grain is gathered and compressed to form a sheaf, though 
driven with a positive motion, are caused to exert a vary- 
pressure, so as to accommodate themselves to bundles of 
erent sizes, and to avoid any sudden compression of the 
gtain. This is effected by means of the spring 2 upon the 
arm H with the spring E. This latter assists in 
gathering the sheaf together before its final compression be- 


COUPLING ROD FOR 


PT 


~ 


\\ 





\ 


Zi 


Yi 





TANK LOCOMOTIVE. 





\ 


4 


SS SN : 


“ eon 


K WG 
A 


\\ 


WN 
WH 
NS 


\ 
\ 





8 





NG 


W 


SS 











tween the arms H and F, and prevents the unwinding of 
an excess of binding wire. 

That this device performs its work excellently with long 
straight straw is certain, but we doubt whether it will find 
a large application in this country, and we think that wire 
is rather an unsuitable material for binding the sheaves, as 
it cannot be easily removed in the thrashing, whilst if any 
of the wire is passed into the thrashing machine it may 
cause injury to the animals eating the chaff. 





ASBESTOS-PACKED COCKS. 
THe accompanying sections illustrate a new form of 
cock, now being manufactured by Messrs. John Dewrance 
and Co., of 176, Great Dover-street, London. The body of 
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the cock is not ground, but the contact between it and the 
plug is made perfect, by means of asbestos packing, intro- 








Fig. 2. The plug is kept in its proper position by means of 
the cap C and the gland D, Fig. 1. Inside the former is a 





projection on which the bottom of the plug takes a bearing, 
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and the spaces H H are filled with packing of the same ma- 
terial as that placed in the slots in the body of the cock. 
An extended experience with these cocks has shown them 
to be reliable under high pressure, whilst in the event of 
the packing becoming accidentally displaced, it can be re- 
newed, and the cock put again into working order with but 
little delay. The substitution of an elastic and durable 
packing, for metal surfaces, insures a considerably increased 
wear, while at the same time the bodies of the cocks may 
be of cast iron, and much less care is required in their pro- 
duction than when the surfaces have to be ground. 





DETAILS OF TANK LOCOMOTIVE. 

WE this week give on the present and oposite pages, 
and on page 72, further engravings concluding our series of 
illustrations of the details of Mr. Stroudley’s “ Class D” 
tank locomotives for the London, Brighton, and South Coast 
Railway. Of the views we this week publish Figs. 23 to 
25 on page 72 show one of the connecting rois, this rod 
being of a standard type which Mr. Stroudley uses on 
engines of several classes. As will be seen from the views 
given, the rod is of a pattern well adapted for being sinished 
by machinery, the greater part of the work being done in a 
lathe or drilling machine. The small end is fitted with a 
strap secured by a single cotter, which takes the whole of 
the work, and a bolt which holds the ends of the strap firmly 
down to,the rod. The large end brasses are bored and turned 
assimpleconcentric rings, and are prevented from moving out 
of their places by the two main bolts. These brasses being 
made, together with the whole of the rods, to ‘gauges, can 
be prepared in quantities for use when required, and go into 
their places without the use of a file. The whole of the 
details of this rod ean be made without the use of hand tools. 
Holes are drilled in the principal bolts to reduce the sectional 
area appreximately to that at the bottom of the thread, 
thus rendering them uniformly elastic. No check nuts are 
used. Figs. 29 and 30 on the present page show Mr. 
Stroudley’s standard side rod. These rods are forged solid 
together with the oil cups, and are bored to receive jlain 
cylindrical bushes of gun-metal, each of which is retained 
in its place by the tapered pin which is forced down and 
retained ip its position by a set screw pinched firmly 
down upof the top of it. The ends of these side rods are 
case-hardened and the bushes are forced in by hydraulic 
pressure. The crank-pins are of iron, case-hardened, ground 
up to a true surface. Many of these pins have been work- 
ing for upwards of four years, and the bushes are a good fit 
still. Mr. Stroudley places great value upon the case- 
hardening of crank-pins. 

The eccentric straps, which are shown by Figs. 26, 27, 
and 28, page 72, are of cast iron, and are made sufficiently 
strong to retain their circular form when the strain of the 
valve is upon them. The bolts are placed as closely as 
possible to the eccentric, and are made very long, so as to 
obtain some elasticity. It is found that with these long 
bolts check nuts are unnecessary. The points of the straps 
at the joints are projected outwards to form cantilevers, and 
thus still further assist in stiffening the strap against dis- 
tortion. The effect of this arrangement is that the wear of 
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DETAILS OF TANK LOCOMOTIVE FOR THE L. B. AND S.C. RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF MB. W. STROUDLEY, LOCOMOTIVE SUPERINTENDENT. 
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the eccentric strap has almost entirely disappeared, and 
many straps are now running on the London, Brighton, and 
South Coast line in express engines that have been working 
constantly upwards of four years, and in goods engines for 
a still greater length of time ; in fact, Mr. Stroudley informs 
us that no cast-iron eccentric strap has up to this time been 
let together on that railway. The surface between the strap 
and the eccentric sheave being so large in proportion to the 
load placed upon it enables a film of oil to remain between 
the two metals, keeping them entirely separate. The 
eccentric straps of some of the little six-coupled engines 
(generally known as the “ Terriers”) on the South London 
line, show distinctly the turning tool marks on the inner 
wearing surfaces of the eccentric straps, notwithstanding 
that they have run upwards of 150,000 miles. We are of 
opinion that if the value of cast iron for eccentric straps and 





sheaves was better known it would be more appreciated. 





The reversing gear of the engines under notice is shown 
by Figs. 31 to 34 annexed, and is designed so as to act 
directly upon the weighbar shaft without the intervention 
of joints. The screw works upon a button of hardened 
steel at its forward end, and has a very long brass nut 
which is furnished with a screw having a locking handle 
above to take off the strain from the screw threads when 
the ne is running. In the application of the screw gear 
to the locomotive, most{of the old apparatus pertaining to the 
hand lever has been retained by locomotive makers, thus 
entailing a great number of joints, considerable complication, 
and a great amount of rattle. Screws direct were 


working for some years. 
adopting them, and they undoubtedly possess advantages 
over screws acting through an intermediate lever. 
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With respect to the valve motion, it is only necessary to 
mention that the centre lines are so struck, that when the 
engine is in the best working notch the whole of the levers 
will oscillate to an equal distance on each side of their 
several centres, thus producing the smallest possible amount 
of distortion. The pins and wearing joints are large and 
the manner of oiling convenient. It will be observed from 
the general views given in our last number but one that 
this is by map poms engl oe at the top of the sus- 
pending 8; and the almost entire absence of split pins, 
loose washers, &c., will also be noticed. 

Figs. 85 to 40, annexed, show Mr. Stroudley’s standard 
pump applied to the engines under notice, as well as to others 
0! size, both goods and passenger. This pump 

designed to pump hot water at high 
speed, and has been very sotuatilet in its working. One of 
its principal features consists in the large clack arca in pro- 
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portion to the size of the ram, thus giving a large escape 
with small lift, and, owing to the large area, allowing a very 
small pressure to fill the pump with.water. This Mr. 
Stroudley considers to be one of its best features. When 
ball clacks are used for pumps, the weight of the valve is so 
great in proportion to the area exposed for the feed water 
to act upon, that the pump often does not get a sufficient 
supply, and hence the difficulty of pumping hot water at 
high speeds, as of course the vacuum formed by the plunger 
is in such cases but very slight. 

It will be noticed that the clacks have spiral rings or 
guides, and they are thus turned by the action of the water 
partially round at every stroke, the seats thus wearing very 
evenly, and of course keeping perfectly tight. It will also 
be observed that the area of surface for the beaters is very 
large, the object of this being to prevent the clack from 
striking the beater too hard. With the proportion given in 
the pump we illustrate, we believe that the two metals 
never come into absolute contact, the force required to drive 
out the volume of water between the large surfaces being 
sufficient to arrest the motion of the valve. This is proved 
to be the case, as in many instances it has been observed in 
pumps that have been working upwards of a year the head 
of the clack is quite discoloured and has the turning marks 
remaining in. The air vessel also forming part of the pump, 
and in immediate connexion with the clack, acts to take off 
the percussion. It is the practice to open the feed valve to 
these pumps to such a position as will supply the boiler under 
ordinary circumstances, When the pump is required to 
be put out of action, the large pet cock on the top of the air 
vessel is opened, and the water escapes from the pipe back 
into the tank, or rather into the steam occupying the upper 
part of the tank, thus forming an injection condenser and 
heating up the feed water very rapidly. The delivery pipe 
to the boiler is made small, and is found to be ample for the 
purpose. On the suction pipe of these pumps there is a small 
snifting clack to admit air, so that the pump is supplied with 
as much water as is found necessary for the boiler, and it 
fills the remainder of the working barrel with air which is 
forced along with the water into the boiler, still further 
tending to take off percussion. This snifting valve, which 
is 3} in. in diameter, is placed in a small clack-box 
behind the suction pipe, and does not show in the general 
views. The large pet cock—or rather relieving cock—of 
which mention has just been made, is of 1 in. bore, and is 
arranged as shown in Figs. 35 and 36. This cock is large 
enough to relieve the pump of all pressure, and it thus 
facilitates the starting of the pumpin the event of the top 
clack leaking from any cause. The pump rams are of steel, 
and are screwed directly into the motion block ; these rams 
are found to work with very littlewear. In practice, one pymp 
is more than sufficient to supply the boiler, although two 
pumps are provided. 

Fig. 41 on page 69 shows a delivery clack-box, the 
valve in this being made with spiral feathers and with a 
large striking face, like the valves in the pump. It 
will be noticed that the cover of this clack-bex is screwed 
in and makes a joint on a face at the bottom of the 
threads, thus preventing the latter from becoming corroded 
and set fast. 

On referring to the cross section, Fig. 4, on page 27 of 
our last number but one, it will be seen that the tanks are 
fitted with overfiow pipes which lead from within } in. of 
the top of the tanks to brass castings fixed in the sides of 
the ash-pan. These pipes are 1 in. in diameter, and they 
serve to prevent the tanks from being overfilled either by 
the expansion of the water or condensation of the exhaust 
steam in the event of the feed not being applied at once 
after the tanks have been filled. They also allow the air to 
escape from the tanks and thus permit the exhaust steam 
to act on the water surface. When the engine is at work a 
slight puff of steam escapes from these overflow pipes, 
and if this was allowed to escape into the ash-pan, it 
would have a bad effect on the fire. The brass casting at 
the side of the ash-pan into which each pipe leads, however, 
is a separator so arranged as to discharge the steam below 
and allow any water carried with it to flow into the ash- 
pan. 

In describing the arrangement of the firebox and its 
fittings we omitted to mention that the ash-pan is fitted 
with double dampers at the front and rear. The inner 
damper at each end is a perforated plate secured by a 
catch, the holes in it being of sufficient size to admit air 
to the fire but too small to allow of the escape of hot 
cinders. The outer damper, on the other hand, which is 
moved by the driver, is a solid plate which covers the per- 
forations in the inner one. When the catch shown at the 
bottom of the perforated damper is turned up, that damper 
opens with the outer one, thus giving/access for cleaning out 
the ash-pan. 

In concluding our account of Mr. Stroudley’s engines, we 
may remark that since the first portion of our notice ap- 
peared, the No. 4 engine of the class we have described has 
been taken into the shop for the first time to have the 
wheels turned up. This engine was put on the line on 
December 15, 1873, and has since run 62,000 miles with- 
out requiring any repairs. Even now all that has to be 
done is estimated te cost not more than 5/., a great part of 
which is for cleaning paint and varnishing. 





AmeERIGAN RAILROAD Proeress.—In 1830, the United 
States possessed 41 miles of railroad. In 1875 the corres- 
ponding total had grown to 76,756 miles. 


SOME PRESSING NEEDS OF OUR IRON 
AND STEEL MANUFACTURES. 


Address delivered by the President, Mr. A. L. Houuey, 
C.E., Brooklyn, N.Y., before the American Institute of 
Mining Engineers. 

(Continued from page 62.) 

Ill. Refr Materials.—Improvments in this direc- 
tion are probably the most important that can be considered, 
and they increase in ~ go as iron and steel processes 
become cheapened, and as products become more refined. 
A better blast furnace lining would be desirable ; better 
heating furnace walls would be very valuable ; better 
Bessemer vessel linings would lead to great economy ; better 
open hearth furnace roofs are absolutely essential te cheap 
Martin steel manufacture, and better refi materials 
generally must be provided before the Siemens direct pro- 
cess, high-pressure furnaces, the cheap compounding of 
various m with iron, and many other promising pro- 
cesses can be carried on at all with commercial success. It 
is not too much to say that a better and cheaper firebrick 
will be the key to the situation. 

The cost of maintaining refractory lining and fixtures in 
the Bessemer process averages nearly 1 dol. per ton of ingots, 
of which the cost of vessel bottoms is about one-third. 
Merely doubling the life of bottoms would save some 
6000 dols. per year, in a single works. As the life of a 
bottom frequently exceeds double the average life, it should 
not seem impossible to raise the ~~ ¢ in this proportion. 
The cost of refractory materials and maintenance in the 
American Siemens-Martin manufacture is not far from 
5 dols. per ton of ingots, while in Wales and in France it is 
about 1 dol. This difference lies largely between bricks 
which cost 50 dols. to 60 dols. per 1000, and stand 50 to 70 
heats here, and those which cost 10 dols. to 20 dols., and 
endure 200 to 250 heats abroad. Merely equalling 
the foreign practice would of itself make a good business 
profit. 

Our metal manufacturers seem less serious and methodical 
in their attempts at this, than at any other improvement. 
They can copy the steam engine results of others, but the 
refractory material problem is all their own. That it is 
difficult cannot be denied; but the average attempts to 
solve it, which consist largely in travelling round in a circle, 
are wholly inadequate, and unworthy of the profession. 
Bricks, tuyeres, and fireclay mixtures generally have not 
been notably improved for a decade, except here and there, 
accidentally, by the discovery of better clays, or empiri- 
cally, by trying all sorts of mixtures haphazard. There 
have of course been some attempts at scientific improvement. 
Mr. Snelus gives the following facts in his late valuable 
paper before the Ironand Steel Institute: The presence of 
2 or 3 per cent. of oxide of iron renders bricks unfit for 
open hearth furnace roofs, and 1 per cent. of alkalies makes 
them fusible at high temperatures. There are some apparent 
anomalies: lime fluxes ordinary firebricks, but 1 per cent. of 
it used to bind together pure silica sand, makes the most 
durable furnace roofs known. Alumina by itself, and in the 
proportion with silica of 30 to 38 per cent., as in some of the 
best clays, is extremely refractory, but 3 per cent. of it in 
a silica brick will flux it at high temperatures. These facts 
explain the bewilderment and discouragement that usually 
attend experimenting on a limited scale; they also show the 
necessity of combining the results of a vast number of ex- 
periments and analyses ; and they especially show that the 
direction of these experiments should be in accordance with 
chemical probabilities. Merely varying mixtures, even with 
a knowledge of their constituent parts, might never lead to 
improvement, if the laws of chemical affinity were mis- 
understood or ignored. 

The same conclusions may be drawn from another group 
of facts, viz., the very different behaviour of refractory 
linings in contact with different metals, slags, and ores, 
such as the cutting of sand bottoms in the pig-and-ore 
open hearth process. The best furnace-roof brick we know 
paar nearly pure silica as possible—is the worst brick to 
starid the manganese reactions in a spiegel cupola. In the 
first case, it might endure 250 charges at an excessively high 
temperature ; in the second, it would hardly stand 25 heats 
at a low temperature. 

In view of these complications and of the obvious necessity 
for prolonged and searching chemical work of the highest 
class, and for a systematic series of experiments—also, in 
view of the extremely limited progress which has been made 
by present methods, it really seems that the time has come 
for a new departure. No individual works can, nor should, 
afford the cost of such an investigation, which would be for 
the general benefit. A clay bank owner, or a brickmaker, 
can lolly be expected to do more than develop his own 
products, since complete experiments might prove them 
inferior. 

Why should not the iron and steel makers of the country 
unite in carrying out a series of investigations which, if 
properly managed, would inevitably lead to important 
/savings in the old processes, and to revolutionary economies 
in the new and developing ones? It has been objected to 
this kind of effort, that ‘‘ what is everybody’s business is 
nobody’s,”’ and that valuable results rarely follow mixing 
up the interests of independent companies. If these re- 
marks are ever true, they do not apply to this case. In 
general, the history of associated effort is the history of 
civilisation ; and in particular, the association of individuals, 
through Governmental and private organisations, to test 
the strength of metals, to inspect boilers, to analyse ores, 
to collect facts, and to do numerous things of general and 
of special interest, is often the foundation of success in 
commerce and the arts. The proposed investigation would 
beentirely relieved from those uncertainties which embarrass 
combinations to sell products under certain limitations of 
price and quantity. It would be simply a search after 





hysieal facts, by a corps of in whose ability and 
fotegrity all parties would have confidence. Rovere 





pe waged 7) gereeger we manner of its solution is 
plain, and the means of experiment are numerous. 


Not to anticipate the of such a commission, 
but merely to o e how large porte ay is the field for 
investigation, let us for a moment ider the situation and 


probabilities. 

I. The comparative failure of previous attempts to 
improve refractory materials has been due to the varyi 
presence of unknown elements. Three materials eac 
make a good fire-brick ; mixing the first with the second 
makes a better one, but mixing the first with the third 
makes an inferior one—and the rimenter is all adrift. 
The more alumina, between 40 and 60 per cent., we mix 
with silica, the better the result, but the more alumina, 
between 3 and 10 per cent., we mix with silica, the worse 
the result. Repeating a: ntly the same mixture some- 
times gives different ts. But there are no anomalies 
in nature ; —— contradictions are merely want of 
knowledge. erefore one important step in this inquiry 
would be to variously compound pure silica, alumina, and 
other substances, to imitate nature in their mixing, and 
then to try their refractory qualities, rather than to confine 
experiments to variable natural mixtures. Even if we 
must use materials as we find them compounded in nature, 
it is better first to find out at any cost, exactly what we 
want, by means of artificial mixtures of pure materials, 
and then to come as near as we can in practice. 

It is not certain, however, that we shall be confined to 
natural mixtures just as we find them. The chief 
ingredients of that remarkable refractory material, bauxite 
(which is somewhat rare and expensive), alumina and oxide 
of iron, can be obtained more free from other substances 
than bauxite is. Why cannot artificial bauxite be made? 
The intimacy of mixture, indeed, has much to do with the 
character of the product. We know that five per cent. of 
alumina, incorporated by nature with siliceous sand, give 
more adhesiveness, both wet and glazed, than three times 
that amount as ordinarily mixed by hand. The artificial 
distribution of manganese ore with iron ore in a furnace 
makes iron pigs and manganiferous slag, whi, if the 
manganese ore had been rubbed into the iron ore by nature, 
the result would have been spiegéleisen. More than 
intimacy of mixture may be necessary in some cases. Dr. 
Sterry Hunt has suggested that the difference in the 
behaviour of silica in furnaces may be somewhat due to the 
manner of its formation—either as an animal secretion, or 
as found in igneous rocks, or in rocks stratified from their 
débris. The shape of sand grains has also much to do 
with their binding qualities, angular fragments being 
better than rounded ones. There is, however, a strong 
meme | that refractory materials may be artificially 
compounded out of pure, or nearly pure, substances more 
uniformly than they are compounded by nature. So that 
the synthetical method we are considering should be useful, 
not only in showing what we want, but in enabling us to 
produce it. 

II. Other substances than silica and alumina are ex- 
tremely refractory, indeed indestructible, by mere heat, 
such as lime, magnesia, and carbon. The great difficulty 
has been to form them into compact bricks without adding 
such binding substances as will flux them, and so impair 
their refractory qualities. But as pulverised silica—a rope 
of sand—is sufficiently held together by 1} per cent. of 
lime, to make the best heat-resisting brick we know of, the 
other incoherent refractories should offer a promising field 
for experiment. 

We may learn much on this subject from the experience 
with crucibles. The two required qualities to be chiefly 
considered are, 1st, resistance to softening, or to melting 
by contact with neutral flame—by mere heat; 2nd, re- 
sistance to the chemical action of metallic oxides, slags, 
and free oxygen. Both these qualities are attained by 
lining a crucible that will resist fire well, with one that 
will resist chemical action well. For instance, a carbon 
crucible wastes more rapidly than an earthen one in the 
fire: but by lining an earthen crucible with carbon, it 
perfectly resists the action of manganese oxide, which 
would soon destroy any vessel containing much silica. 
Carbon mixtures, however, are affected by oxygen in a 
surprisingly small degree. The endurance of graphite 
crucibles in a fire of coke driven by a powerful blast, and 
graphite Bessemer tuyeres in contact with air blast and 
oxide under intense heat, are examples. The use of carbon, 
even in the form of wood, is already on trial by Mr. 
Siemens, and in another form by one of our members. 

Lime is extremely refractory, never having been fused b 
mere heat. Crucibles cut yas blocks of well-burned, 
slightly hydrated lime are used to melt platinum. Magnesia 
is also infusible at the highest attainable temperatures. 
M. Tessié du Motay, of Paris, has made some remarkable 
magnesia bricks, of which I have specimens. They are, 
ce ly, ex ive, but they are said to resist not only 
heat, but the dissolving effect of manganese oxide and 
various corroding slags. There is a prospect of this manu- 


facture being started in this country. Dr. Pe says of 
this notarial in his new ‘“‘ Metall ea : ieeacbetionr 
furnaces for melting steel may be lined with a paste formed 


of the prepared magnesia and water, which will undergo 
the necessary drying and firing after the furnace is lighted 
without any special precautions being required.”” He also 
gives directions for preparing esia for use in crucibles 
and bricks. This material is also used at Creusdt in 
Bessemer vessel linings. The only difficulty is to make it 
sufficiently coherent. 

Still another requirement of Bessemer vessel linings and 
revolving open-hearth linings, is hardness, to resist the 
mechanical erosion of the contained metal. All the fore- 
going considerations, indeed, point to the importance of 
making ecg ey am eye y= and conn, without 

in e other e e of increasing their liabili 
to crack and crumble on the exposed surfaces. But poor 
this tendency may be prevented by proper treatment. 
Silica bricks require slow heating. % some Bessemer 
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vessel linings made of natural siliceous stones, trimmed 
son, aa * spalling off’ ye nchenaeaiip Sangeet hy (alae 
use, the “ ing off” was ly y gi 
ing the wall at | its first heat, by means of blowing a charge 
of metal within it. 

III. It is probable that refractory linings must, in many 
cases, be made where they are used. This is already the 
case with the silica bricks we have mentioned, as at 
Landore and Terre-Noire. These bricks are too tender to 
bear transportation, but are remarkably refractory when 
once set in a wall. The 7 for making them is not 
very costly nor elaborate. The quartz is crashed to fine 
sand, wetted down with lime-cream (it to 2 per cent. of 
lime), and moulded by hand into bricks. These are dried 
and burned in kilns, containing 32,000 each, for seven days. 
Bessemer vessel linings are necessarily made where 
they are used, and it seems reasonable to believe that the 
use of monolithic linings will become more general in all 
kinds of furnaces. It is very obvious that the cost of a 
furnace roof and sides, rammed up like a Bessemer vessel, 
dried ont and glazed, would be much less than that 
of bricks individually moulded, pressed, dried, burned, 
trimmed, and set. And if the material is equally good, the 
continuous wall should stand much longer, because it has 
no joints, which are always the first parts to fail. We 
know that such linings in Bessemer vessels will outlast a 
dozen linings made of any fire-bricks yet tried. The vessel- 
lining is, indeed, a continugus arch of small radius, while 
the furnace roof is nearly flat, and, consequently, more 
liable to fall by shrinkage, due to variation of temperature. 
But could not a flat arch be sustained by a lathing of 
water pipes, either in tension or in compression, which 
would also cool it, and thus increase its endurance? This 
subject will be further considered under the following head : 

IV. It has been a matter of surprise to me, that the 
cooling of refractory linings by means of water jackets has 
not been dovdened in heating and open-hearth furnaces, 
when it has been so remarkably successful in blast furnaces, 
puddling furnaces, and, especially, in Sellers’s and in 
Crampton’s revolving puddlers. I have seen the fettling of 
the Crampton furnace purposely knocked off for more than 
a square foot of the shell and front ring, during the boiling 
of the metal. The naked iron plates were thus exposed to 
the molten iron and slag on one side, and to water on the 
other ; in a a few moments the lining was ew 
renewed by the chilling action of the jacket. Some jacketted 
cupolas are running with success, but where increased 
durability is most needed, as in Bessemer cupolas, the 
attempt has not been carried out, although it has been fre- 
quently planned. 

If a firebox sheet of naked iron, in immediate contact with 
a white-hot anthracite fire, will remain sound for years, it 
is probable that it would be nearly indestructible under a 
4in. coating of firebrick. Of course, the cooler the bricks 
are kept, the more heat will go into the water, but, as we 
can melt down a gas furnace roof ina hour or two, there is, 


evidently, reserved power enough to furnish the necessary 
units of heat to the bath, while passing as many other 
units, at the same temperature, through the roof. Nor 


would water-jacketting, say, an open-hearth furnace, be 
a wasteful? Even if a quarter more fuel were 
thus required, half a dollar per ton of ingots (at average 
rates of fuel) would pay for it, while even doubling the 
endurance of furnace bricks would save four or five times 
this sum. 

Water jacketting should protect the bricks not only 
from destruction by mere heat, but from chemical disso- 
lution, as this is generally a question of temperature. 

The effects of heat are notably lessened as walls become 
thinner, so as to conduct heat more rapidly to the atmo- 
sphere. The thickness at which a lining will remain, in the 
Crampton revolving furnace, for instance, is exactly regu- 
lated- by the amount of cooli Where the lining is 
knocked off, the fluid slag quic ly sets, up to a certain 
thickness, but beyond this thickness the water cannot chill 
it, and it cannot, therefore, accumulate. The amount of 
cooling by water can be perfectly regulated. The two 
features requiring experiment are, 1st, decreasing the water 
supply in such a regular manner, when the furnace has to 
be stopped, that the lining shall be neither overheated nor 
rapidly cooled; 2nd. How to sustain very thin linings. 
Water jacketting a furnace roof a foot thick would not do 
the maximum good until the bricks were nearly burned 
out, and then they would fall in. As before mentioned, I 
believe that a roof composed of poses of wrought-iron 
water pipes, either in tension for a ping one, or in arch 
form for a convex one, each group having its separate 
water connexions, the whole to be filled in and rammed with 
a ganister mixture, like that of a Bessemer vessel, or with 
a natural or artificial bauxite, would be very durable. 
Certainly, there might be some very promising experiment- 
ing in this direction. 

In concluding these observations on refractory linings, I 
must again call attention to the importance, the necessity, 
I believe, of putting this whole subject into the hands of a 
Commission of Chemists who are familiar with the require- 
ments of metallurgical processes. It r s in im- 
portance with Government tests of metals and boilers, but 
as Governments can, with difficulty, be got to sustain ex- 
periments which seem to be of ter public interest, the 
expenses of refractory material tests would have to be 
borne chiefly by iron and steel makers. They can well 
afford to do it, and some important results can, doubtless, 
be determined without a very large e: ditures. But such 
a commission should be nothing if not horough. Immature 
conclusions would do more harm than pool, as they have 
done heretofore in iron and steel tests. 

(To be continued.) 





Beta@ian STEEL.—With the help of the mineral deposits 
which it possesses in me the John Cockerill Company 
can now produce about 400 tons of cast steel per diem. The 
company has eight Bessemer converters in its works. 





NOTES FROM THE SOUTH-WEST. 
Proposed Railway to Boncath.—A rumour which ap- 
pears well founded is afloat in the neighbourhood, that 
several gentlemen have resolved to extend the Crymmych 
Whitland line as far as Boncath. 


Great Western Colliery Company.—A third vein of 
sem a a yma i. re oe — Ym 
lompany’s pit, Pontypridd, at a ° yards from 
the paor f of the earth. The workable thickness of the 
seam is 5ft. 7 in. 


Colliers’ Wages at Ruabon.—The colliers at Ruabon, 
North Wales, have been granted an advance of one penny 
per ton, on the recent award of Serjeant Wheeler. 


South Wales Coal.—The export coal trade continues dull 
at Cardiff, and it may be taken as an unsatisfactory sign 
of the times that shipbrokers are far from being fully oc- 
cupied. 

Newport Tramways.—During the last day or two, a me- 
morial to the Board of Trade has been signed by a num- 
ber of merchants, tradesmen, and inhabitants of Newport, 

raying the board to take such steps as may secure an ex- 
Conlon of the tramways from the present terminus to the 
head of the Alexandra Dock. 


The Avonside Engine Works.—No decision has yet been 
given by the men at these works as to whether or not they 
will accept 15 per cent. reduction, notice of which was 
posted at the entrance gates of the works at the beginning 
of last week. A wank deputation has waited upon Mr. 
Wilson, the manager, to ask him, if possible, to withdraw 
the notice. Mr. Wilson, however, remained firm ; no doubt, 
he had no choice in the matter. 


Meeting of Ironworkers’ Delegates.—A aie of iron- 
workers’ delegates was held at Merthyr, on Saturday. 
There was a laoge number of delegates present. It was 
expected that Mr. Thomas Kane, secretary of the Iron- 
workers’ Association, would have been present, but a letter 
expressing regret at being unable to attend was read from 
that gentleman. Mr. Philip Harries, local agent, ad- 
dressed the meeting, advocating combination, and the ne- 
cessity of a sliding scale for regulating wages in the future, 
and thus preventing strikes and lock-outs. A lengthy dis- 
cussion took place with respect to an ironworkers’ strike 
at Blaenavon, and it was resolved that an appeal should be 
made for support to the men on strike. Another resolution 
was passed asking the employers of ironworkers in Mon- 
mouthshire and South Wales to meet a deputation of iron- 
workers at Cardiff to discuss the desirability of establishing 
a sliding scale for the regulation of wages. 


Labour in Wales.—A strike against a proposed reduction 
of wages in the collieries in North Wales, attains wider 
dimensions, the Hafodybwch miners having now been joined 
by nearly 1000 men from the Wynnstay pits. 


Llanfabon.—New pits started here some time ago by the 
Powell Gellagaer O ar are at a standstill, sinking 
operations having been s ed owing to a slip of quick- 
sand. A ot many hands have been thrown out of em- 
ployment by the accident. 

Quarrying at Buckland.—A Limited Liability Company 
has been ae with a proposed capital ¢ 2 ere _ 
the pur of carrying on quarrying operations at Buck- 
land, pi early The first bbw ers are Mr. G. P. Bidder, 
24, Great George-street, Westminster, 40 shares ; Mr. C. 
T. Lucas, 5, Great George-street, Westminster, 10 shares ; 
Mr. T. Lucas, 5, Great George-street, Westminster, 10 
shares ; Sir John Kelk, Bart., Bentley Priory, Stamore, 20 
shares ; Mr. H. A. Hunt, 45, Parliament-street, 10 shares ; 
Sir John Hawkshaw, 33, Great George-street, Westminster, 
20 shares. More than half the capital is already sub- 
scribed. 

Olifton Suspension Bridge.—The twenty-third ordinar 
meeting of this ve meg | was held on Saturday, Mr. A. J. 
Knapp in thechair. The chairman said that it was satis- 


factory to the directors to see now that the bridge had been | pay 


opened eleven years, that it paid the respectable dividend of 
3 per cent. per annum. 


Great Western Absorptions.—The Omnibus Bill to be 
promoted by the Great Western Railway Company, in the 
ensuing ‘session, contains provisions for vesting in the 
company the undertakings of the Coleford, Monmouth, 
Usk, and Pontypool, and the Pontypool, Caerleon, and 
Newport Railway Companies. 

South Devon Railway.—The Great Western Railway 
Company will take possession of this line next week. The 
directors are not expected to make any extensive changes 
in the traffic arrangements. That those already existing 
are not wholly condemned by the Great Western directorate 
may be inferred by the fact that the traffic superintendent, 
Mr. Compton, has been confirmed in his appointment, with 
an increased salary, and an extended district, the West 
Cornwall Railway being now placed under his supervision. 
The secretary, Mr. Jenkins, and his staff, and the ac- 
countant and his staff (except such of them as prefer not 
to enter the Great Western service) will remove to London 
in six weeks. 

Bristol Joint Station.—A Bill is being promoted in the 
present session of Parliament by the Great Western Rail- 
way Company, in conjunction with the Bristol and Exeter 

the Midland. The Bill, if passed into law, will empower 
the Great Western Company to widen a bri over the 
river Avon, to acquire the Bristol cattle market or part 
thereof, for the of improving the station, and to 
raise 50,0001. further capital, with the usual borrowing 
powers, 

RAILWAYS IN QUEENSLAND.—Railway a4 are bei 





pushed forward with in princi, 
new lines contemplated are those from Maryborough to 
Gympie and from Warwick to Stanthorpe. 





FOREIGN AND COLONIAL NOTES. 

English Coal in Belgium.—The exports of coal from 
Great Britain to Belginm have been steadily increasing 
— the last twoyears. Thus in the first eleven months 
of last year Belgian received 272,000 tons of British coal, 
as compared with 209,000 tons in the corresponding period 
| one and 186,000 tons in the corresponding period 
o! . 


Coal inthe United States.—The production of coal in 
the United States in 1875 is estimated at about 44,000,000 
tons. About half this production wds anthracite and the 
remainder bituminous coal. About three-fourths of the 
coal raised in the United States in 1875 was produced in 
Pennsylvania. 

Pennsylvanian Coal.-—The production of coal in Penn- 
sylvania to December 11 last Jam amounted to 23,544,787 
tons, as compared with 23,167,525 tdns in the correspond- 
ing period of 1874, showing an increase of 377,362 tons last 
year. In this respectable increase anthracite coal figured 
for 106,135 tons, and bituminous for 271,127 tons. 


Intercolonial Railway.—This t work may now be 
said to be finished. It cost thus far 21,103,316 dols. 
The road has been substantially built; and although it is 
very donbtful whether it will not be found to be a premature 
work, it will, nevertheless, stimulate the dardlepuanh of 
the Quebec counties on the Lower St. Lawrence. 


Cail and Co.—The profit realised last year by this im- 

rtant French mechanical construction company was 

6,3601. The current year has commenced with work on 
hand of the estimated aggregate amount of 200,0001. 


Floods in Otago (N.Z.).—The Danedin and Clutha Rail- 
way, inthe province of Otago, New Zealand, has been 
greatly damaged by heavy rains two miles from Milton, in 
the direction.of the Waihota; about three-quarters of a 
chain of ballast has been washed away with a portion of an 
embankment. 


The Mississippi.—Captain Eads, now engaged in deepen- 
ing the South Pass of the Mississippi by means of his 
system of jetties, convened last summer a board of leading 
army and civil engineers to consider his plans and examine 
the progress of the work, so as to suggest improvements if 
possible. The board has held several sittings, and during 
the last few weeks its members have been making a tho- 
rough examination of the work of the mouths of the 
Mississippi. At arecent meeting, the board spoke favour- 
ably of the progress of the work, and the probability of its 
success in deepening the channel. The jetties are similar 
to those constructed in the mouth of the Danube, except- 
ing that stone was used there, while piles and mattresses 
are ag ae by Captain Eads. The probable success of 
Captain Eads’ operations is based, to a great extent, upon 
the result of the works undertaken at the mouths of the 
Danube. Itisstated that the physical characteristics of 
the delta and bars of the Mississippi and the Danubeare 
similar in many important respects. 

Railways in New South Wales.—The Great Southern 
Railway of New South Wales has been extended from 
Goulburn to Gunning, a distance of nearly 31 miles. The 
aggregate length of the line has thus been carried to 165 
miles, The extension just completed is chiefly remarkable 
from the fact that it is the first section opened for traffic 
of a new series of cheap lines now being constructed north, 
west, and south, in New South Wales. Thus the extension 
has been carried out for something less than 70001. per mile. 
The comparative cheapness of the extension is partly owing 
to the line running through a tolerably level country, so 
that no heavy cuttings or embankments have been required 
The gradients are generally easy, the steepest being 1 
40; the radius of the sharpest curve is 19 chains. 

Port Adelaide.—South Australia finds the accommoda- 
tion afforded by Port Adelaide inadequate to meet the re- 

uirements of her growing commerce. Attention is being 
— to the advantages likely to result from an outside 
ur. 


in 





PULLMAN CARS ON THE CONTINENT.—About the Ist of 
February the first service of Pullman sleeping cars will 
commence to run between Modane and Florence. Three 
cars, fitted with side buffers, will be started in the first in- 
stance, and shortly afterwards it is expected two more will 
be used. These cars have all been constrnoted at Detroit, 
U.S.A., in sections, and erected at the Porta Susa Carriage 
Works of the Alta Italia Railway at Turin. The Pallman 
Company has concluded a contract to run cars over the 
Alta Italia and Meridionale Railways,Jand it is expected 
that these cars will be ran from the French frontier south- 
wards all the way to Brindisi. 


Tue LATE Mr. Henry R. Marspen.—We regret to 
record the somewhat unexpected death of Mr. Henry R. 
Marsden, in his fifty-fourth year. Mr. Marsden, who was 
a native of Leeds, was of very humble parentage, but 
thanks to considerable ability and untiring energy, he 
achieved a large measure of success, especially of late years 
in connexion with the manufacture of the Blake stone- 
breaking machine, and he became a prominent member of 
his native borough, of which he was elected mayor in 1874. 
Leeds indeed appears to be under considerable obligation to 
Mr. Marsden for the benefits he conferred during the 
of his holding office, and we believe that it was entirely due 
to his efforts that the recent Leeds Exhibition became « 
success. Mr. Marsden was for some reason, unknown to 
us, made the unfortunate subject of much fulsome eulogy 
by local biographers, which culminated in_a book re- 
cently published under the title of ‘‘The Story of the 
Marsden Mayoralty.’ We had intended to publish a short 
review of this production, but are now of course vented 
from doing so, by our respect for the memory of the subject 
of the biography. 
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THE ABBOT’S RIPTON COLLISIONS. 

TE fatal collisions which occurred at Abbot’s 
Ripton on the Great Northern Railway, on the 
evening of Friday last, the 21st inst., deserve, 
for reasons apart from the disastrous loss of life 
by which they were attended, the most earnest 
attention of all interested in the efficient manage- 
ment of our railway system. It is. indeed but 
seldom that the causes of a so-called railway 
** accident” can be so clearly traced as in the 
present instance, and hence it is especially desirable 
that the details of the sad disasters at Abbot’s Rip- 
ton—resulting as they have in the loss of thirteen 
lives—should not be forgotten before the lessons 
which they are capable of teaching should have 
been strongly enforced. The general features of 
the collisions of Friday last have been described 
in the columns of our daily contemporaries, but 
in order that we point out the deductions to which 
the facts lead it is desirable that we should in the 
first place state those facts clearly. 

Abbot's Riptonisnot a ‘‘station” in the ordinary ac- 
ceptation of the term, but onlyasignal station, having 
a signal cabin and shunting sidings for up and down 
trains, The cabin is a little under 63} miles from 
London, and is situated on an incline of 1 in 200 de- 
scending towards the north, this gradient extending 
from a point about a mile to the south of the cabin 
to a distance of four miles to the north of it. From 
the foot of this incline the line is level fora distance 
of 44 miles through Holme Fens. The down distance 
signal is 1050 yards to the south of the Abbot's 
Ripton cabin, and the up distance signal 950 yards 
to the north of it, while the down and up home 





signals are at distances from the cabin of 145 and 
141 yards respectively. ‘The points for the shunt- 
ings sidings are worked from the cabin and inter- 
locked with the signals. ‘There is also, opposite the 
cabin, a cross-over road between the up and down 


main lines. 
The next signal cabin to the north of Abbot’s 
Ripton is at Wood Walton, and is distant 1375 


yardsonly. At Wood Walton the home signal post 
carries arms for both up and {down lines, and is 
situated 20 yards to the north of the cabin, while 
there are also up and down distant signals situated 
each 950 yards from the cabin and to the north and 
south of it respectively. Proceeding northwards 
the next signal cabin is at Conington ; this is two 
miles and 102 yards from W Walton, and is 
rovided with distance si like the latter. Still 
urther to the north is Holme station, where there 
are shunting sidings, these sidings being the nearest 
to the north of those at Abbot’s Ripton, there 
being no such sidings at either Wood Walton or 
Conington. Holme is distant about 69} miles from 
London, and is therefore about 5} miles to the 
north of Abbot’s Ripton. To the south of Abbot’s 
Ripton the nearest signal station is the Stukely cabin, 
which is distant 2 miles 237 yards. This cabin has 
a home signal 27 yards to the south of it, while the 
down distance signal is 850 yards to the south and 
the up distance signal 910 yards north of the cabin. 
Such Sine the respective positions of the several 
signal stations, let us next consider the running of 
the trains which were concerned in the collisions, 
At 5.53 p.m. on the evening of the disaster a coal 
train consisting of 33 wagons left New Eng- 
land, near Peterborough, for the south. This 
train should have left New England at 5.35, 
and it was, therefore, 18 minutes late in start- 
ing. As we shall see further on the night was a 
very rough one, with a heavy fall of snow, but as 
far as can be eg by the evidence the engine of 
the coal train full command of its load, and the 
run from New England to Abbot’s Ripton is stated 
to have been made at the usual speed, the train 


passing Wood Walton (according to the entry in| sh 


the signalman’s book) at 6.31 p.m. We now come 
to the first in the train of circumstances which led 
to the collisions. It appears that, according to the 
time-tables, the coal train of which we have just 
been speaking ‘should arrive at Abbot’s Ripton in 
time to be shunted to allow of the passing of the 
Scotch up express which is due to leave Peter- 
borough at 6.18. According to the statement of 


M.| the driver of the coal train, however, that train 


being 18 minutes late, would on Friday last have 
been shunted at Holme had the express been running 
to time, but he affirms that he received no signal to 
stop at Holme, and that, in fact, he got clear si 

all along until he came to Abbot’s Ripton. At 
Abbot’s Ripton the up distance signal also, he 
affirms (and his assertion is confirmed by his fire- 
man), showed a white light, but he was unable to 
see the home signal on account of the snow. 
He, however, received a hand signal from the 
signal-man, and was instructed to shunt, which 
he accordingly proceeded to do. Before, how- 
ever, he had completed this operation, and when 
only 26 wagons passed into the siding the 
Scotch express came up smashing the 28th and 
29th wagons from the rear and damaging the 
27th and 30th. The result of this collision was 
to throw the engine of the express on its side on 
the west side of the down line, the tender and some 
of the carriages being thrown foul of that line. 
Immediately on the occurrence of the collision means 
were taken to block the line, Day, the guard of the 
up Scotch express, proceeding back towards Peter- 
berough to put down fog signals, and Faulkener, the 
fireman of the coal train, proceeding towards Hunt- 
ingdon and putting down fog signals about 50 yards 
within the Abbot’s Ripton down distance signal, 
and, therefore, about a thousand yards from the 
place where the collision had occurred. In the mean 
time the engine of the coal train being uninjured, 
Hunt, the guard of that train, determined that 
the best thing to be done was to go with it to 
——— for assistance, and in this he was 
joined by Mr. Usher, one of the clerks in the 
company’s service. On their way to Huntingdon, 
and just as they had started, after slacking to pick 
up the fireman who had been putting down the fog 
signals, they saw an the down Leeds 
express which leaves King’s Cross at 5.30. Hunt 
immediately signalled danger by waving a hand lamp 
showing a red light, and the driver of the coal train 
engine at the same time gave the danger whistle ; 





these signals were seen and heard by the driver of 
the down | just as he passed over the fog 
signals, and he appears to have at once done all in 
his power to pull up. He was, however, unable to 
stop in time, and hence dashed into the débris of the 

revious collision with results which proved most 
Soateces In fact, it was to this second collision 
that by far the greater loss of life appears to have 
been due. 

Let us now return for a moment to the coal train. 
We have said that according to the evidence of 
the driver that train would, on Friday, have been 
shunted at Holme had the Scotch express been run- 
ning to time. But according to the evidence of the 
signalman at Holme the coal train was really 
signalled to stop there, both the distance and home 
up signals at that station being set at danger when 
the coal train ran by. In fact, Osborne, the signal- 
man at Holme, states that having received a message 
that the up express had left Grantham 10 minutes 
late he decided to shunt the coal train at Holme 
and so set his —_ to stop it, the entry in his book 
showing that the coal train ‘‘ran past signals” at 
6.21. Osborne ce this circumstance, at once, 
to Mr. Gregory, the station master at Holme, and 
an examination showed that in all probability the 
signals had not acted properly in consequence of the 
accumulation of snow upon the arms, &c. The 
evidence in fact goes to show that the snowstorm 
was of most unusual severity, the accumulation of 
the snow and ice on the si arms, glasses, and 
wires, being most extraordinary, and the signals 
not only at Holme, but at other stations being all 
more or less disabled. Notwithstanding this, how- 
ever, and notwithstanding the warning conveyed by 
the fact that the coal train had run by the Holme 
signals when they had been believed by the signal- 
man to be at danger, no extra precautions were 
taken to guard the express, the station master at 
Holme as that he was justified in rélying 
upon the two block signal stations—namely, Con- 
ington and Wood Walton—situated between Holme 
and — Ripton, where the goods train would be 

un 


We must now turn to the Scotch up express and 
trace its procedure. This train consisted of an 
engine and tender, a brake van, two composite 
carriages, one second and four first-class car- 
riages, then a second class, and, finally, a brake 
van, or altogether ten vehicles besides the engine 
and tender. According to the evidence of the 
guard Day, the train left Peterborough six minutes 
late, or at 6.24, while according to the record in 
the signal book it passed Conington at 6.38, and its 
average speed between Peterborough and Conington 
must thus have been about 42 miles per hour. It 
was, however, booked by the signalman at Wood 
Walton as having passed his cabin at 6.40, and if 
the times of passing Conington and Wood Walton 
are correct it must have traversed the distance 
between those cabins at 60 miles per hour. Probably, 
however, neither booking can be depended upon to 
half a minute, and, therefore, the speed may have 
been somewhat less than this, but there is certainly 
evidence that the up express must have been running 
very fast when it was approaching Abbot’s Ripton. 
When the signal “ train on line” was sent to Wood 
Walton on the express passing Conington the 
coal train had not been ‘‘ cleared” from Abbot’s 
Ripton, and thus both the distance and home 
signals at Wood Walton were, according to the 
signalman there, set to danger, while Johnson, the 
signalman at Abbot’s Ripton states, that his home 
and uP distance signal were at danger also. There 
would thus, had the signals been in working order, 
have been four danger signals interposed between 
the coal train and the up express; but according to 
the evidence of Scott, the fireman of the up express 
(the driver has not yet sufficiently recovered to be 
examined), the home signal at Wood Walton showed 
a white light, and the same was the case with the 
up distance signalat Abbot’s Ripton. Scott states 
that he did not notice the distance signal at Wood 
Walton, but that he saw the home signal at a dis- 
tance of about 200 yards, and the Abbot’s Ripton 
distance signal at about the same distance, the latter 
being a clear white light. After seeing this signal 
was all right, Scott put on some coals, and on rais- 
ing himself from doing this, he saw the ns 
ahead, and the collision occurred almost immediately. 
Neither Scott nor his driver appear to have had 
time to do anything whatever to check their train 
or to save themselves, and both were severely in- 
jured by the collision. 

Next we have to consider the down express leaving 
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s Cross at 5.30. ‘This train consisted of one of 
Mr, waar ty erey bogie express engines (of the 
t describe us on page 140 of our eleventh 
volume), and tender and en vehicles, namely, a 
six-wheeled brake van, a third class, two composites, 
& brake, a bogie composite, a third class, a second- 
class brake carriage, a third, a six-wheeled compo- 
site, two other composites, and a brake. ‘There 
were thus three brake vehicles in the train and each 
had a guard on it. The down express passed the 
Stukely cabin at 6.52, and the signalman there states 
that as the train went by he received the signal 
‘line blocked” from Abbot’s ee this signal 
thus arriving just too late for him to stop the 
express. Now we have seen that the up Scotch 
express was booked as having passed Wood Walton 
at 6.41 and as that cabin is but 1375 yards from 
Abbot’s Ripton, the collision must have occurred at 
about 6.42, or 10 minutes before the signal “line 
blocked” was received at the Stukely cabin, 
Valuable time was thus lost, and there can be little 
doubt that this delay was the first step towards the 
occurrence of the second collision. Johnson, the 
signalman at Abbot’s Ripton, states that one of his 
first acts after the collision between the Scotch 
express and the coal train was to put his down 
distance signal to danger; Wilson, however, the 
driver of the down express, states that that signal 
showeda white light, and that the first warning which 
he received of danger was by passing over the two fog 
signals, which it will be remembered had been put 
down by the fireman of the coal train engine, 
Immediately after he heard the whistles of the coal 
train engine and saw the the red light waved by 
Hant, the guard of the coal train, and he reversed his 
engine, putting on steam against it, his fireman at the 
same time applying the tender brake, and sanding 
the rails. e alarm whistles of the coal train en- 
gine were also heard by the three guards of the down 
express, who all applied their brakes; but it is 
noticeable that it was only the guard in the front 
van who heard the fog-signals and the brake whistle 
sounded by Wilson, the driver of the down express, 
immediately after passing over those signals, The 
rear guard corroborates the driver’s statement that 
the Abbot’s Ripton distance signal showed a white 
light, and he adds that it still showed a white light 
after the collision when he went back towards 
Huntingdon to put down fog-signals. As regards 
the speed of the down express the evidence is some- 
what contradictory, but it appears to have been 
about 50 miles per hour when the fog-signals were 
run over, while when the collision occurred the speed 
is estimated by the driver Wilson as having been re- 
duced to 15 miles per hour, by the front guard as 
between 30 and 40 miles per hour, and by the rear 
guard as about 30 miles per hour. 

Leaving the above facts for a little, let us next 
consider what happened to the up Leeds express 
which left Peterborough at 6.39, or fifteen minutes 
after the up Scotch express which ran into the coal 
train. Edith, the driver of this second up express, 
states that after leaving Peterborough the signals 
were all right until he reached Wood Walton, but 
that at that cabin although both distance and home 
signals showed white lights, he received from the 
signalman in passing a signal with a red hand-lamp. 
He passed the Wood Walton cabin at a speed of 
about forty miles per hour, but on receiving the 
hand signal did all he could to pull up, and his 
guard also applying his brake, the train was brought 
to a stand near the down distance signal. After he 
stopped he states that he saw that the Abbot’s 
Ripton signals showed white lights, and the same 
statement is made by his fireman, Murfitt. Proceed- 
ing then cautiously towards Abbot's Ripton he was 
met by Simpson, the second guard of the down ex- 
press, who informed him of what had happened and 
who corroborates the statement that the Abbot’s 
Ripton up signals showed white lights. 

Such then are the chief facts connected with the 
disastrous occurrences of last Friday evening, and 
we are now in a position to recapitulate those which 
have a special bearing upon the collisions, They 
are as follows : 

l. The up coal train ran past Holme notwith. 
standing the signals there were believed by the 
signalman to be at danger. 

2. Theup Scotch express ran past the distance 
and home signals at Wood Walton and the distance 
and home signals at Abbot's Ripton, all of which 
were believed by the respective signalmen to have 
been at danger. 


3. The signal “ line blocked” does not appear to 








have been received at the Stukely cabin until about 
10 minutes after the first collision had occurred, 

4. The down express ran past the Abbot’s Ripton 
down distance signal, which was believed by the 
signalman to be at danger. 

5. The driver and rds of the down express, 
although they received a warning by the fog-signals 
and the whistle of the coal train engine when be- 
tween 900 and 1000 yards from the point of the first 
collision, were unable to bring their train to a stand 
in time to prevent a second collision. 

To these may be added the fact (although it 
had no influence on the results) that the up Leeds 
express was only arrested at Wood Walton by a 
hand signal, although the signalman there appears 
to have believed that both his home and distance 
signals were at danger. Now these facts appear to 
us to be exceedingly suggestive. In the present 
state of the inquiry, when the causes of the collisions 
are being investigated both by the Board of Trade 
and before the coroner for the district, it 
would be out of place for us to lay any blame 
upon individuals, but we certainly must remark that 
it appears extraordinary that in stich a severe snow- 
storm as that described in the evidence reliance 
should have been placed upon visual signals alone. As 
the matter stands we have the fact that the drivers 
and firemen of four trains, within the space of about 
half an hour, all ran past signals which were believed 
by the respective signalmen to show danger, and the 
weight of the evidence is thus certainly to the effect 
that the ordinary signalling appliances were for the 
time thoroughly disabled. How this disablement 
could have been disregarded by those in charge of 
the signalling has yet to be explained. Whatever 
this explanation may be the fact remains that the 
events of last Friday night have indisputably shown 
that under certain circumstances the block system 
may break down and fail to give the safety expected 
from it. This is of course no argument against the 
block system per se, but it only shows that even on 
lines where this system is in force, other means of 
increasing the security of trains should not be 
neglected. 

This brings us to another point in the matter 
under consideration, namely, the failure of the down 
express to pull up in time to avoid a second colli- 
sion, this latter collision being, as far as can be 
judged by the evidence, far the more disastrous of the 
two. Here we may at once say that no want of 
energy or promptness appears to have been shown 
by any of those in charge of the down express, the 
fault being that they simply had not at their com- 
mand the appliances which would have enabled 
them to pull up in time. On this point we have 
the evidence afforded by the trials of continuous 
brakes before the Royal Commission on Railway 
Accidents in June last. If reference be made to the 
results of these experiments which we published 
in our number of June 25th last, it will be seen that 
the train sent to the competition by the Great 
Northern Company ran 1197 yards before it was 
brought to astand by the use of the tender and 
guard’s brakes alone, the speed, when the brakes 
were applied, being 49} miles per hour. The train 
sent to the trials was somewhat heavier than the 
down Leeds express which came into collision on 
Friday night last, and had but two guards’ vans, 
but against these disadvantages are to be set the ad- 
vantages that both guard and driver were on the 
look-out to apply the brakes at a given signal, and 
that the train was not running down a gradient of 
1 in 200 as the express was last Friday. In the trial 
with the hand brakes just referred to as being made 
before the Royal Commission, the engine was not re- 
versed, but the general evidence afforded by the trials 
shows that even with this assistance a train like the 
down Leeds express, if running at 50 miles per hour, 
could not be brought to astand by the brake power 
available in less than about 900 yards, even if the 
brakes were applied simultaneously and the rails in 
fair condition. But on Friday night last the rails 
are stated to have been greasy, while, how- 
ever prompt the driver and guards may have 
been, some valuable seconds must certainly have 
been lost in reversing the engine and applying the 
hand brakes after receiving the unexpected warning 
given by the fog-signals and the whistles of the 
coal train engine. It must be borne in mind that 
when the fog-signals were passed over the train 
must have been travelling at a speed of about 25 
yards per second, and hence the space available for 
making the stop was being seriously curtailed by 
even a few seconds’ delay in getting the brakes fully 
applied. 








Let us now consider what would have been the 
result had the down Leeds express been fitted with 
an efficient continuous brake. Referring in to 
the experiments carried out before the Royal Com- 
mission, we find that in the trials in which danger 
was supposed to be seen by the driver, who at once 
used all available means to stop his train, the longest 
distance run by any of the trainstested was 516 yards, 
the speed at the moment of application of the brake 
being 49} miles ; while one of the Midland trains @ 
train of about the same weight as the Leeds 
express) fitted with the Westinghouse automatic 
air brake, was brought to a stand in 280 yards, 
from a speed of 52 miles perhour. Ina subsequent 
experiment the same brake when applied by the 
rear guard only, the driver merely shutting off 
steam, pulled up the train in 310 yards from a 
speed of 54} miles per hour. Itis, in fact, impossible 
to examine the results of the experiments made 
before the Royal Commission without coming to 
the conclusion that had the Leeds down express 
been fitted with an efficient continuous brake it 
could have been pulled up in ample time to prevent 
the collision, while had it been provided with the 
Westinghouse automatic brake it might have been 
arrested by the driver or by either of the guards 
acting alone with at least 500 yards to spare. 

The Abbot’s Ripton collisions thus afford another 
instance, if such were wanted, of the vast im- 
portance of an efficient continuous brake for the 
safe working of fast trains, and we trust that the 
lesson it teaches may be enforced. The Great 
Northern Railway Company have long been noted 
for the smartness with which their passenger traffic 
is worked, and for the general attention to the 
comfort of those using their trains; but singularly 
enough they have done practically nothing to 
promote the application of continuous brakes. Like 
the Great Western they seem to have been content 
to let the problem as to which is the best arrange- 
ment to be adopted, be worked out by other 
companies, and to have relied for the safety of their 
fast traffic so their block signalling arrange- 
ments alone. Recent events have shown how utterly 
these arrangements may fail in time of need, and 
we trust that the Great Northern Company may 
lose no time in taking the warning to heart. 

While speaking on this subject, we cannot help 
remarking that considerable blame appears to attach 
to the Royal Commission on Railway Accidents for 
the unaccountable delay which has occurred in the 
publication of their report on continuous brakes. 
The trials on which this report is founded were 
carried out between June 9 and 16 of last year, and 
on June 25 we published in great detail an account 
of the results, Considering this, and considering 
also the great facilities which the Commission pos- 
sessed for collecting the results of the trials, and 
drawing their conclusions from them, we see no 
reason why the publication of their report should 
have been delayed beyond last August at latest, As 
far as we can ascertain the report is now, and has 
been for some time, ready, butits publication is still 
delayed, and no date — to be yet fixed for it 
to be laid before the public. It must be borne in 
mind that this railway companies have been 
waiting the appearance of this report before taking 
decisive action in the matter of continuous brakes, 
and thus the delay in the publication of the report 
is a direct injury to the travelling public. No one 
present at the trials in June last can have any doubt 
that the report, when it does appear, will urge the 
application of continuous brakes most strongly, and 
it is equally certain that the railway companies will 
not try to resist this recommendation. ‘This being 
so, there is good reason for believing that had the 
report of the Commission been issued some five or 
six months ago, the second—and most disastrous— 
of the collisions at Abbot’s Ripton would not have 
occurred, 


LIGHT AND PUTREFACTION. 

Tue first “‘ Friday evening” lecture of the season 
at the Royal Institution was given last week by Pro- 
fessor Tyndall, and the facts then adduced will, we 
think, have an important influence upon future 
sanitary engineering. It was conclusively demon- 
strated by the Professor that whilst, on the one 
hand, the vilest sewer gas is perfectly incompetent 
to induce putrefaction if previously cleared of the 
fine particles of suspended matters or germs, the 
apparently pure air of our dwellings will, on the 
other hand, as certainly cause any solution of organic 
matter to become putrescent and swarm with 
bacteria, unless the air be so cleared of the floating 
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germs by filtration or otherwise. The particles of 
suspended matters inducing putrefaction and con- 
veying disease are far too subtle to be submitted to 
chemical analysis or microscopical investigation, but 
their presence in the air is no less surely detected by 
the naked eye aided simply by a ray of light. The 
e of a ray of light across space, such as the 
am from a bull’s-eye lantern in a dark room, is 
traceable solely by reason of the motes in the air. 
If the air of the room were free of all suspended 
matters, the image of the leas would be seen on the 
opposite wall, but the track of the beam would be 
erfectly dark, Professor Tyndall illustrated this 
Fact by interposing a series of glass receivers filled 
with air, which had been cleared of motes by filtra- 
tion through cotton wool in some instances, and by 
calcination, or, stranger still, by simply allowing the 
air time to deposit the suspended matter by gravita- 
tion, in other instances. Air so clarified entirely 
failed to record the passage of a beam of light. 
When the receiver was plunged into the beam from 
an electric lamp, the ray stopped short at the glass 
on one side, reappeared and continued its path on 
the other side, but the intervening space occupied 
by the clear air in the receiver gave no sign. The 
same fact was illustrated in even a simpler manner. 
The lecturer quietly walked up to the beam of light 
with a spirit lamp in his hand, and by holding the 
lamp underneath burned black spots in the beam, 
and on another occasion blew in it similar dark 
spaces, the phenomena being of course due to 
calcination in the first instance and filtration of the 
air in the lungs of the operator in the second. 

No matter how prepared, air which failed to mark 
the track of beam of light equally failed to induce 
putrefaction in any organic solution or cause it to 
give birth to the swarms-of the lowest forms of 
animal life, which were never wanting when the 
solution was exposed to the open atmosphere of 
the ordinary air of our dwellings. To afford 
every opportunity for the spontaneous genera- 
tion of life, the Professor experimented with 
almost every conceivable infusion of ordinary 
articles of diet, fish, flesh, fowl, and vegetable, 
but in no single instance was any living organism 
developed, if the germs already in the infusion had 
been previously deprived of life by — to heat 
and the air with which it was brought in contact 
was similarly deprived of germs by any of the 
methods already referred to. On the other hand, 
the same infusions, no matter how long boiled, 
speedily teemed with life when exposed to the ordi- 
nary atmosphere, or, in other words, to air capable 
of showing the track of a beam of light, and there- 
fore, as the lecturer maintained, laden with the 
germs of the organisms subsequently developed in 
the infusions. To test the universality of the diffu- 
sion of these germs, trays holding a large number 
of open glass vessels filled with infusion of haddock, 
kidney, turnip, or similar substances were stacked in 
different positions in the laboratory of the Royal 
Institution. Some of the trays were superimposed, 
and it was thought at first that the upper tray would 
to some degree protect the lower one from descend- 
ing germs, but in practice the lower tray almost 
universally became first infected, and this result 
was attributed to the stagnation of the air between 
the two trays leading to a deposit of the suspended 
matters, s0 we may perhaps some day see Dupuit’s 
theories concerning the per, wri power of water 
and the deposit of silt applied to the explanation of 
the spread of epidemics! However stacked, some 
glass in the tray was speedily attacked, and the in- 
fection then spread throughout the whole—not 
necessarily from the first as a centre, for very fre- 
quently some far removed glass followed suit, just 
as in a fever-stricken village, to which the lecturer 
likened his tray, the disease often appears simulta- 
neously in distant houses, and happily passes over 
intermediate ones for the time or for ever. 

The universal diffusion of the germs was con- 
clusively proved by these experiments, and the phe- 
nomena presented led the lecturer to believe that 
the density of the distribution of the germs was not 
uniform throughout space, but that they travelled 
as it were in waves. e do not know whether Pro- 
fessor Tyndall is aware of the fact that one of the 
most eminent of European physicians, Dr, Pantalini, 
of Rome, has for many years past based his treatment 
of ‘‘ Roman fever” upon the theory that it is propa- 
gated solely by germs capable of exclusion by simple 
mechanical means. The labourers on one of the rail- 
ways through the Campagna were ordered to wear 
respirators of cotton wool, and by that means they 

“were enabled to escape infection, precisely as did 





the Professor’s infusions. Again, cutting down a 
few trees or knocking down a wall m front of a 
house has sometimes fot in the wave of germs, and 
every inhabitant in that house has been struck down 
with fever. The labours of Lister, of Edinburgh, 
received honourable mention from the lecturer, and 
with reason, for he was the first to recognise the 
fact that the suppuration of wounds and the noisome 
living forms that fill them, are due to the germs de- 

osited in them by the atmosphere. Lister has 
Coe since been accustomed to fight these germs 
during every second of an operation ; carbolic acid 
is his weapon, and it must be a bad wound with him 
which does not heal by ‘first intention.” Much 
good has thus already resulted from the imperfect 
recognition of the influence of germs, which has been 
enforced upon a few thoughtful men, and more will 
necessarily result when the theory is fully developed. 
To practicalmen not the least interesting feature of 
the experiments referred to in Friday’s lecture, was 
that they were not of a class which required all the 
refinements of a laboratory, and were consequently 
of little interest to outsiders, but that the ex- 
clusion of the germs upon which so much depended 
could be effected in so many simple ways. ‘hus it 
was shown that a flask of air once cleared of germs 
might be safely exposed to the atmosphere without 
danger of contagion if the means of communication 
were a small pipe syphoned up and down some half 
dozen times, for the germs were then entrapped at 
the lower bends, 

The whole of the lecture was pregnant with facts 
and suggestions, but we cando no more here than 
direct the attention of our readers to the subject. 
Doubtless full details of the experiments and their 
deductions therefrom will shortly be published, for 
the advocates of ‘‘ spontaneous generation” have 
already taken up the glove thrown down by Pro- 
fessor Tyndall. 


THE LATE ERITH STRIKE. 

Ir is, we think, much to be regretted that many 
of our contemporaries continue to speak of the late 
Erith strike in the present instead of the past 
tense. The strike has in reality ceased to exist, 
and the men who are now leading an idle life at 
Erith are no more really on strike against Messrs. 
Eastons and Anderson, than are any other un- 
employed men in other parts of the kingdom, It 
is desirable in the interests of all concerned that 
this should be thoroughly understood by the public. 
On the 17th instant Messrs. Eastons and Anderson 
issued a notice that up to the 22nd instant they 
would receive back such of the men as agreed to work 
by the piece, but that after that date none of the men 
who had struck would be taken on again on any 
terms whatever. The 22nd has now passed by and 
as Messrs. Eastons and Anderson intend to adhere 
strictly to the terms of their notice, the men who 
refused to go back to work by the piece have ceased 
to be on strike in any sense of the term. If they 
act wisely they will Jeave Erith as soon as they can 
and get employment at some place where the prin- 
ciples they hold are not objected to. By remaining 
ane they are and acting as pickets they may be 
causing some inconvenience to their late employers, 
it is true, but they are doing this at the expense 





of the funds of their society and the charitable con-. 


tributions of other workmen, while they are bring- 
ing misery and starvation upon the families of the 
numerous labourers who are kept out of employment 
by their acts. 

If the men now standing idle at Erith honestly 
objected to piecework they—however foolish their 
objection might be—had a perfect right to decline 
it and to withdraw from Messrs. Eastons and 
Anderson’s employment ; but having done this, their 
connexion with that firm ceased and they are in no 
way justified in their subsequent conduct. It 
cannot be too clearly stated that the men now 
being stopped by the pickets at Erith are workmen 
who are on their way to fill vacant places, and that 
they are not supplanting others who are on strike 
pending the settlement of a dispute. If this is 
properly understood a good deal of sympathy, which 
is at present being wasted in some quarters on 
Messsrs. Eastons and Anderson’s late employés, may 
be diverted into other channels where it is more 
deserved. 








TELEGRAPHS. 

Our telegraphic communications seem to be suf- 
fering at present from a severe nervous shock to the 
whole system. The En glish land lines have had 
large gaps made in them by the wholesale blowing 





down of the poles during a snowstorm, the com- - 
munication to India has been interrupted for the 
last six weeks on the Eastern Company’s system in 
the Red Sea—communication being kept up only by 
the Indo-European line, vid Russia, Risen, and 
the Persian Gulf cable—one of the Anglo-American 
cables has been broken down for the last three years, 
and the Direct United States Cable has just been 
broken again for the third time since it was taken 
over from the contractors. 

As regards the land lines it appears difficult to 
make the poles and wires strong enough to resist 
the force of a gale where the whole of, perhaps 
eighteen or twenty wires are gradually cemented 
into one large massive sheet of snow andice. The 
same accident occurred on a more extensive scale 
some winters ago, and we believe that most of the 
lines were then afterwards more substantially 
stayed, but the recurrence of such total interrup- 
tions as we have suffered from lately seems to point 
very distinctly to underground wires (at least as a 
stand-by) between our principal towns and centres 
of telegraphic systems. It is true that underground 
wires are more expensive in first cost than over- 
ground lines, require more care in construction as 
regards the supervision of the work, particularly 
in the joints, and that a thoroughly efficient manner 
of protecting gutta-percha from.drying up and crack- 
ing has not yet been attained, whilst they would 
work somewhat more slowly than overground lines, 
On the other hand we believe the undergound 
system between Manchester and Liverpool, which 
was constructed some few years ago under the 
superintendence of Mr. G. E. Preece, has given very 
good {results, Then for the first time the joints 
for underground work were tested on the same 
principle and with the same care as those in sub- 
marine cables. 

It certainly seems almost absurd to think that 
although we can work for thousands of miles under 
the sea and ocean, we cannot manage to construct a 
telegraph for a few hundred miles under the land, 
where if a fault breaks out we can obtain easy access 
to it, inasmuch that it is only covered by a few 
inches of earth instead of being covered with a few 
thousand fathoms of water. Surely the Govern- 
ment should take the question of underground wires 
seriously into consideration, so that such points as 
London, Birmingham, Liverpool, Bristol, Edin- 
burgh, Dublin, Leeds, Newcastle, &c., may not be 
left dependent for telegraphic communication on 
the overground system. 

Wooden poles naturally decay near the ground ; 
and although at certain periods, when they get 
very bad, they are fished or renewed, yet there 
must always be some,that are in a weak state, 
and the constant increase of wires on them must 
make them comparatively frail and evidently un- 
fitted to withstand the pressure of a gale against 
the mass of snow that accumulates on the wires. 
But ‘setting aside snowstorms and other natural 
causes of danger, in case of any political disturb- 
ances the underground wires would stand a better 
chance of being left unmolested than overground 
lines, which at once suggest their own destruction. 

Lines ought at once to be laid down for experi- 
ment between London and Liverpool on the newest 
principle, and the various applications of india- 
rubber, such as Hooper’s, should be tried as well as 
gutta-percha. We believe we are correct in stating 
that the German Government are putting down un- 
derground lines on an extensive scale. 

With regard to the communications with India, the 
Eastern line broke down on the Suez-Aden section, 
near Aden, and no repairing ship belonging to the 
company (who possess two) was nearer than London 
to the fault. SirJames Anderson, the general manager 
of the Eastern Telegraph Company, has stated in a 
letter to the Zimes some time ago, that there was no- 
thing in submarine telegraph engineering that ‘an 
intelligent boatswain” could not do. Possibly Sir 
James’s ‘‘ intelligent boatswain,” or even his mute, 
might know how to station his two repairing ships 
so as to be of a maximum value as regards repairing 
the line quickly. He would, we should think, have 
stationed one at Gibraltar and one at Aden. 

The line from Suez to Bombay will probably be 
duplicated, but even then, the unnecessary le 
of the sections without any points at which accers 
can be had to the wires, must necessitate longer 
interruptions than necessary. For instance, imagine 
two cables down the Red Sea. One breaks down 
near Aden the other near Suez, If intermediate 
testing places exist, a single good line can be made 
out of the two good halves, but if no such interme- 
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diate places exist, both lines are out of order, and the 
whole communication is stopped. The present cable 
has just had a fault repaired near Aden, and another 
exists near Suez, As the cables grow weaker and 
the faults become more frequent, the more will each 
line be interrupted pene gry year, and thegreaterthe 
necessity for having touch or test points at which the 
good portion of one section may be connected to the 
good ion of another. All this was pointed out 
in evidence before the Government Committee on 
Telegraphs in 1860. 

As re the Atlantic cable of 1865, which has 
been broken down since March 11, 1873, or nearly 
three years, we may conclude, as the company made 
no attempt to re it in 1874 or 1875, that it is 
practically abandoned, so that the life of one 
Atlantic cable is at least determined as eight years. 
If this represents the fair value of the life of an 
Atlantic cable, the 1866 cable has lived beyond its 
time. The French Atlantic should expire next 
year, the 1873 should live till 1881, and in 1882, by 
the expiration of the 1874 cable, the whole family 
will be extinct. 

The unfortunate Direct United States Cable has 
broken down for the third time, and we suppose 
that the Faraday will again have to proceed to re- 
pair it. It is astonishing that this company should 
not possess a repairing ship of their own. The 


eee Set See Seen ee ago, and there 
erefore been ample time for the company even 
to build and fit out a special vessel, Yet, in spite of 
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all the experience that has been gained on this sub- 
ject as regards the necessity of companies havin, 
their own repairing ships, the Faraday hasto be hired 
at an enormous ex , about, it is said, 30,000/. 
io trip. A repairing ship of. sufficient size, say, 
000 tons would not cost more than 50,000/. 
flly ited, and the crew and staff and expenses 
robably 15,000/., depending on the amount of work, 
e amount the Faraday will have cost by the 
time the third repair is done would, therefore, 
be sufficient to buy ship and maintain her for 
about three years, The idea that nothing but 
enormous ships, like the Great Eastern or Faraday, 
can repair a cable in deep water, cost the Atlantic 
Company 70,000/. for two months’ hire of the Great 
, and the cable was not repaired after all, 
although several of Sir James Anderson's “intelligent 
boatswains” were employed at the work, the com- 
pany being too economical to employ the civil en- 
gineer who laid the cable, and who had correct 
tracings of the line, &c. The general and 
directors, in fact, manage these matters now quite 
nt of engineers, and with the advantageous 
ts we have pointed out. 








SHIPPING LEGISLATION. 

Awone the great questions raised in connexion 
pierre an Mg gle cy Bomar 
m re as insu e 
difficulties toa pt i settlement been that 


of the “load-line.” Certainly no question excites ' 1873. 





more interest than this, or has received more dis- 
cussion, and in again approaching it we are able to 
record with much satiafaction that marked improve- 
ment has taken place in both rang os and non- 
professional opinion on the subject during the last 
three years. 

It is not now denied that overloading is an evil 
which does actually exist. The extent to which it 
is admitted to prevail depends in a great measure 
upon the point of view from which the subject is 
approached, and also upon what is considered to be 
overloading. But exist it does and measures have to 
be adopted for stopping it. What arethey to be? 
Three years ago it was considered by a large sec- 
tion of the community, that there was no difficulty 
in fixing a maximum load-line for every ship, and 
in Mr. Plimsoll’s Bill of 1873, which was strongly 
supported out of doors, it was proposed to enact 
that every ship should be compelled to have a free 
side above the water amidships not less than a cer- 
tain fraction of her depth of hold. We pointed out 
at the time* that the proposed basis, although it had 
long been in use, was quite unsound, and would press 
unjustly on many vessels. We went beyond this 
and said it might further be taken for ted that 
no simple rule can be framed which will bear appli- 
cation to all ships. To illustrate this we pointed 
out that in ships hang! pee and forecastles extend- 
ing over a great part of their length, there is often a 
* See ENGINEERING, 28th of March and 9th of May, 
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freeboard amidships of 2 ft. or 3 ft., and forward 
and aft of 10 ft. or 12 ft.; whereas in some ships of 
the Royal Navy and other vessels, for instance the 
Bessemer Channel steamer, the conditions are re- 
versed, and the freeboard amidships is 12 ft. or 14 ft, 
and atthe ends 3 ft. or 4ft. These, we said, were 
the extreme cases, and we added : 

** Between these extreme types there are hundreds 
[we might have said thousands] of others of ab- 
normal form, which cannot be embraced by a ge- 
neral law, and which must be treated upon their 
merits by some impartial and competent tribunal.” 

After the Bill in question was shelved for the 
session we adverted to the enormous difficulties the 
load-line question would present if left to the 
separate action of individual surveyors unsupplied 
with accurate data, and unprovided with a sound 
basis to start from ; and unless in addition to this, 
appeal were allowed to some impartial body of men 
having an intimate knowledge of the loading of 
ships. We suggested that owing to the excitement 
of 1873, fear of exposure would act for a time as a 
salutory check upon reckless overloading. We be- 
lieve it has had that effect to a marked extent, and 
that gross overloading has not been nearly so pre- 
valent during 1874 and 1875 as it had become a few 
years previously. 

Since 1873 the ‘“‘load-line” question has passed 
through a number of curious phases. In 1874 Mr. 
Plimsoll again introduced a Bill to the House of 
Commons proposing to enact a maximum load-line 
on all ships, based upon a sliding scale of so many 





(For Description, see Page 79.) 
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inches dry side foreach foot depth of hold. That 
Bill was defeated. The Royal Commission on Un- 
seaworthy Ships, on the other hand, in the same year 
reported against fixing a load-line, but recommended 
that a scale of feet should be fixed on the side of all 
ships amidships, the zero point being at the deck 
sol the scale graduated downwards. The recom- 
mendation was a good{one, as far as it went, 
but the arguments by which it was supported were 
amusingly inconsistent. The Commissioners, in 
effect, declare that there is a point in every ship be- 
yond which she should not > loaded, and that the 
correct basis for determining this point is one of 


— buoyancy. 

ey then recommend that this limiting point of 
safety should not be defined, and that ascale show- 
ing ae geo: of surplus buoyancy should not be 
marked on ships’ sides, as it might lead to the 
recognition of this limit of unsafety, but that a scale 
of feet and inches, which would not help to fix this 
limit, should be adopted instead. 

In the Bill introduced the following session by 
Government, the recommendation the Royal 
Commission to mark a freeboard scale of feet on 
the sides of every ship was adopted, and it was also 

rovided that every master should be compelled to 
insert the draught of water and freeboard in the 
log-book each voyage. The paragraph relating to 
the scale of feet was very y drawn; the 
were to be placed at three-fifths the length of the 
vessel abaft the stern, instead of amidships, where 
they manifestly should haye been; and the zero 
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point of the scale was to be marked at a point level 
with the topof the deck plank nextthe waterway, at 
the ve of ‘‘the deck up to which full scantlings are 
carried,” We pointed out several means which 
would probably be resorted to for carrying up the 
zero point, and thus making the apparent freeboard 
more than the real freeboard, if this clause should 
become law, such as reducing the round of the 
beam, straightening the sheer, or even, in some 
types of ships, hogging up the midship part, as well 
as by thickening the Tank next the waterway, and 
other means. We dwelt most strongly, however, 
on the inapplicability of the words, ‘‘ the deck up to 
which full scantlings are carried.” We pointed out 
that in spar-decked ships, of which there are so 
many types afloat, varying from each other in 
strength, size, proportions, and every other quality, 
it would be impossible to say full scantlings are 
carried up tothe spar deck, and at the same time 
it would be absurd to mark the zero point at the 
deek next below the spar deck, because that deck 
would usually be down level with or very near the 
surface of the water, and the vessels would show by 
the official scale little or no freeboard, whereas in 
reality they would have a good substantial free 
side of seven or eight feet, perfectly strong, water- 
tight, and efficient, 

While approving in the main the Government 
proposal to mark a scale of feet—subject of course 
to amendment in the sense indicated above—we 
regarded it at the same time as merely a step in the 
right direction. As a record of fact it would be 
valuable, and if this record, as well as being in- 
serted in the log-book which goes with the ship, 
were left behind with the customs officers, it would 
add still further to its usefulness. There is no 
denying the fact, however, that it seemed anomalous 
to make a man mark a scale of freeboard on his 
ship, and leave a record behind him, on the strength 
of which he might perhaps be prosecuted, and at 
the same time for the Government to refuse him 
any instruction as to what would be deemed suf- 
ficient freeboard, or what _ or precedents 
he could rely upon to keep himself out of trouble. 

Mr. Plimsoll also made another attempt to settle 
the load-line question in 1875 in a Bill of his own, 
which was however subsequently allowed to stand 
over, and its provisions were arranged as amend- 
ments to the Government Bill. Mr. Plimsoll, like 
the Government, proposed to mark a scale of free- 
board on the sides of each ship, but instead of its 
being a scale of feet it was to be arranged so that 
‘*each of the units of the said scale shall mark off 
one per cent. of the ship’s total displacement.” The 
faulty wording of the Government Bill about the 
zero point was ag by Mr. Plimsoll, and became 
more objectionable still in connexion with his scale 
of tages, than with the Government scale 
of feet. In addition to the scale of freeboard Mr. 
Plimsoll proposed that every ship should be 
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marked so as to indicate the full depth to which 
she “may be safely loaded under favourable cir- 
cumstances.” j 

The position of this mark was to be determined 
by Commissioners to be specially appointed for this 
purpose. We agreed with Mr. Plimsoll’s proposi- 
tion so far as to say that if a load line is to be fixed 
for every ship the duty of fixing it should almost of 
necessity be entrusted to a commission specially 
appointed for the purpose, composed of able pro- 
fessional men commanding the confidence of the 
public and of theshippingcommunity. It wouldnever 
do to leave it in the Lente of individual surveyors ; 
nor could it be left to local bodies, or there would 
be a different load-line standard for every port in 
the kingdom. Evidently an extensive meine 5 of 
the construction of the mercantile marine would be 
required by whoever were entrusted with the work, 
and questions of the most difficult nature regarding 
the strength, buoyancy, and stability of all types of 
ships as well as their behaviour at sea, would have 
to be considered with the utmost care, because the 
decisions would have to be based on sound principles, 
and be consistent with each other, or they would be 
unable to bear the searching criticism sure to be 
applied to them; and unless they could do this the 
whole scheme would break down. 

We showed that Mr. Plimsoll’s proposal to mark 
a scale of percentages of surplus buoyancy on every 
ship was utterly impractical, and counselled him to 
give it up in favour of the Government scale of feet. 
Owing to ships having a sheer forward and aft, and 
the decks being rounded up, there would necessarily 
be a certain amount of surplus buoyancy above 
where it was proposed to fix the zero point of the 
scale, so that the whole scale would be untrue as a 
matter of necessity, besides which it would be unin- 
telligible to the majority of shipping people, for 
whose guidance it was intended. 

This was the situation in March of last year, and 
it looked not at all impossible that a compromise 
might be effected. At that time we wrote: “We 
think there is such a possibility, and that an effec- 
tive arrangement could be arrived at by retaining 
the Government scale of feet, and appointing a com- 
mission as Mr, Plimsoll proposes, to arrange and fix 
a fair and reasonable load-line for all vessels, with 
power to relax their requirements in special cases 
or for special voyages, upon application being made 
to them, if they deem such relaxations safe and 
reasonable under the particular circumstances,” 

A compromise was effected shortly after the 
above lines were written, but not of the kind therein 
suggested. When the Government Bill came on 
for second reading, Sir Charles Adderley announced 
the intention of the Government to accept the 
principle of a maximum load-line, and that a pro- 
proposal made by Mr, Norwood, namely, that every 
owner should fix the maximum load-line of his ship 
where he liked, would be adopted. ‘The owner was 
to declare the maximum depth to which he intended 
to load his vessel on every voyage before engaging 
his crew or entering the vessel outwards, It was 
also promised that in order to prevent vexatious 
‘ehedinhanse with ships when fully loaded and about 
to sail, a clause would be inserted in the Bill provid- 
ing that if a shipowner send a record of the maximum 
load-line of his ship to the Board of Trade, and no 
objection be taken to it, the vessel will not be liable 
to be stopped on the plea of overloading as long as 
the depth so declared had not been exceeded. These 
were valuable concessions, and were accepted by us 
as such, although we could not think them likely to 
be so effective, as if some influential and impartial 
Commission had been ‘established for the pur- 
pose of seeing that the maximum load-line should 
not be marked in unreasonable positions where it 
would be unsafe to load to. 

When the Government revised Bill—the alte- 
rations were so extensive as to make it almost anew 
Bill—was printed and in'the hands of members, 
it was found that the original proposal to mark a 
scale of freeboard in feet on the sides of all ships 
had been withdrawn, and there was no provision 
made"to enable a shipowner to get his maxi- 
mum load-line approved by the Board of Trade 
as foreshadowed by the President on the second 
reading. In addition to requiring a load-line to be 
marked, the Bill required every owner to mark on 
the outside of his ship amidships, the height of 
each deck, and to deliver a statement to the collector 
or principal officer of customs, showing in writing 
the Sotene of the proposed load-line from these 
cecks, 

No further change was made in the Government 


their marks far above the intended load water line 
or in eee ponen, as by so placing them 
the privilege accorded last session of being allowed 
to their own load-lines might be imperilled. 
However, as the matter at present stands we have 
more fears that the general practice of loading will 
tend to deteriorate, than that the liberty now afforded 
will countenance serious overloading in individual 
cases, Of this we may be sure, that persons hitherto 
given to overloading will continue to load as deeply 
as possible, and it will be the fear of being stopped 
by the Board of Trade surveyors which will 
in any case restrain them, not the marks on 
the ship, which can be placed to suit deep load- 
ing. That being so it is not easy to say de- 
finitely what good the mark which is called the 
** owner’s load-line” can in reality.effect. It has 
appeared to give such general satisfaction that we 
seareely like to question its usefulness. We have 
pointed. ont how it might have an evil effect in 
creating a tendency towards loading deeper. We 
trust some one will be found to say a word in its 
favour when Parliament meets. here is some- 
thing suggestive about the cheerful alacrity with 
which shipowners comply with the law in this 
respect. Can it be because it is practically in- 
operative and restricts no one? If, so, let us 
freely recognise the ingenuity which last session 
contrived to do nothing, and at the same time 
convince everybody that great and necessary re- 
strictions were being enforced. We shall await with 
much interest the ‘load-line” proposals of the 
Government in the forthcoming Bill, 


LITERATURE, 


Les Galeries Sovtterraines. By Maxime HELENE. Paris : 
Hachette and Cie. 

Tue author of this beok, who writes under a xom 
de plume, has produced.an interesting and well- 
arranged work, excellently illustrated by a large 
number of engravings. ‘The of the book is 
extensive, commencing with the subterranean works 
of the Egyptians and terminating with a notice of 
the project for the Channel Tunnel. Between these 
extremes are included notices of mines and tunnels, 
especially that of Mont Cenis, and the more 
recent and still unfinished work at Saint Gothard. 
In his chapter on the hari | of mines, the author 
notices in considerable detail, the plant and tools 
employed, the methods adopted in driving and 
supporting galleries, the ventilation of mines, &c. 
Passing from this branch of the subject to that of 
subterranean work in connexion with the require- 
ments of cities, the author takes Paris as‘an example, 
and considers separately theservices of water, sewers, 
and gas. The water supply of Paris is obtained 
from 16 large reservoirs, situated at various levels, 
and fromm hai the water is distributed through the 
mains either by gravity or by pumping. These re- 
servoirs distribute nearly 70 millions of gallons of 
water per day. That of Menilmontant, which is 





























































Bill while it remained. on. the table of the House, 
and the clauses relating to the load-line did not 
reach Committee before the Bill was withdrawn at 
the latter end of the session. When the short 
temporary Bill was introduced a few days later the 
clauses relating to the load-line formed part of it, 
and they with slight modification passed through 
Committee, and form part of the Merchant Shipping 
Act Amendment Act of 1875 in the following words : 

‘¢], From and after the first day of November, 
1875, the owner of every British ship shall, before 
entering his ship outwards from any port in the 
United Kingdom upon any voyage for which he is 
required so to enter her, orif that is not practicable 
as soon after as may be, mark upon each of her sides 
amidships, or as near thereto as is practicable, in 
white or yellow on a dark ground, ormin black on a 
light ground, a circular disc, 12 in. in diameter, with 
a horizontal line 18in. in length, drawn through 
its centre : 

“9. The centre of this disc shall indicate: the 
maximum load-line in salt water to which the 
owner intends to load the ship for that voyage : 

‘* 3, He shall also upon so entering her, insert in 
the form of entry delivered to the collector or other 
principal officer of customs, a statement in writing 
of the distance in feet and inches between the centre 
of this disc, and the upper edge of each of the lines 
indicating the position of the ship’s decks which is 
above that centre : 

‘* 4, If default is made in delivering this statement 
in the case of any ship, any officer of customs may 
refuse to enter the ship outwards : 

‘5. The master of the ship shall enter a copy of 
this statement in the agreement with the crew be- 
fore it is signed by any member of the crew, and 
no superintendent of any mercantile marine officer 
shall proceed with the engagement of the crew 
until this entry is made ; 

“6. The master of the ship shall also enter a 
copy of this statement in the official log-book : 

‘*7, When a ship has been marked as by this sec- 
tion required she be kept so marked until her 
next return toa port of discharge in the United 
Kingdom.” 

This Act is now in force,and some experience has 
already been gained as to its operation. As early as 
last summer, when this mode of dealing with the load- 
line question was first embodied in a Government 
Bill, we thought with most people that it would af- 
ford some check against overloading, but we had 
strong doubts if it would prove. wholly effectual, and 
expressed ourselves thus: ‘* Weare however at pre- 
sent disposed to believe that they [the load-line 
clauses] will tend too much to breed confusion and 
irregularity in the loading of ships, and tend per- 
haps as much towards making the majority of ves- 
sels load somewhat deeper than they do now, as they 
will towards checking the gross overloading of the 
few.” It ap certain that all owners, good 
and bad, would, for their own protection, mark 
the load-line higher than ever they intended to 





load to. The higher the maximum load-line is y 
marked the greater latitude the ship has to over-| one of the most important, has an area of about five 
& temptation | acres, and is divided into two parts, one of which 


load, especially in foreign ports, and t 
to load very deeply abroad is great where freights 
are high; and many captains under such circum- 
stances would feel justified in taking in cargo as 
long as the marks remained above water, As a 
matter of fact the discs marked under the present 
Act are all placed higher than it is intended to load 
the vessels to, in many cases they are higher than 
the ships ever have been loaded to, and in some 
cases they have been placed—we suppose out of a 
spirit of bravado, or a defiance of the legislature—in 
so absurdly high positions that no one would ever 
dream of loading to them. 

Where a start is made in this way by placing the 
load-line marks all above the actual load-line in use, 
what more natural result than that the actual load- 
line should creep gradually up to the declared one? 
It might not be so perhaps if owners could always 
superintend the loading of their vessels themselves. 
This they often cannot do even when the vessels are 
loading in English ports ; they can never do it abroad, 
so the matter is left in the hands of the captain or 
agents, who will often think, whatever the owner 
may say to the contrary, that the marks would not 
have been placed so high if it was not intended to 
load down to them. 

The want of some central controlling power over 
the position of the load-line marks has already been 
felt to some extent, and the General Shipowners’ 
Society has taken steps to impress upon shipowners 


receives water from the Dhuys and the other from 
the Marne. The upper reservoir connected with 
the first-named stream, contains 22,000,000 gallons, 
and has a depth of 16 ft. 6 in., the other has a 
capacity of 6} millions of gallons. The reservoirs 
are ed over, the roof, which is 294 in. thick, 
being covered with earth for a further thickness of 
19 in., being supported by 624 piers. They were 
constructed by M. Belgrand. 

The sewage works of Paris possess an equal 
interest with those for supplying the city with 
water. At the present time the total length of 
sewers constructed there, is nearly 840,000 yards, 
They are divided into two classes—sewers and 
collectors—the former being the tributaries of the 
latter, which are laid at as low a level as the nature 
of the ground permits, in order to give the greatest 
fall possible to the sewers. There exist three of these 
main arteries, On the right bank of the Seine is a 
collector commencing at the junction of the Rue 
Oberkampf and the Chaussée de Menilmontant, 
which follows the St, Denis road, and is discharged 
into the Seine at St. Ouen, after receiving the 
sewage from Bondy, Villette, Belleville, and St. 
Denis. A second collector commences at the 
Arsenal, follows the quays. and enters the Seine 
at Amiens, after receiving the contents of the 
sewers of the Rues Rivoli and Petit Champs. The 
third on the left bank, starting from near the Rue 





throughout the country the unwisdom of placing! Geoffrey St. Hilaire, follows the line of the river 











Jan. 28, 1876.] 


ENGINEERING. 


ao... 





embankment to the Boulevard St. Michel as far as 
the Pont d’Alma, crosses the Seine, and joins the col- 
lector first mentioned about 600 yards before it 
runs into the Seine. : ; 

The network of gas-main and pipes running be- 
neath the Paris streets has a total length of 1,600,000 
yards, through which 5250 millions of feet of gas 
are distributed yearly. 

Passing from Paris to subterranean London, the 
author gives a fairly comprehensive notice of the 
Metropolitan Railway, and then proceeds to some 
general observations on the construction of tunnels; 
this part of the work is illustrated with a number 
of engravings showing different methods of driving 
headings, timbering, and finishing, and the chapter 
concludes with a long description of the construc- 
of the Thames Tunnels. In the succeeding chapter 
the author reviews the various means that have 
been adopted for travelling mountain districts by 
means of railways; and under this head, of course, 
the Mont Cenis Railway, San Paulo, the Rigi, the 
White Mountain, the Kahlenburg, and other lines 
come under notice, as well as special engines de- 
signed for the purpose of overcoming steep inclines 
and sharp curves—the Fell, the Jouffroy, and the 
Agudio systems, but curiously enough the author has 
omitted to mention the only one which has proved 
itself eminently efficient under circumstances when 
all others have failed—the Fairlie system. Among 
the inclines worked by rope traction the author 
mentions that of Liége, of La Croix R: ussein Lyons, 
the work in course of construction between Ouchy 
and Lausanne, and the ae 9 for a railroad up the 
side of Mount Vesuvius. ‘lhe length of the Ouchy- 
Lausanne line is 4900 ft. in length, and the difference 
in level between the terminal points is 338 feet. 
The line is straight, and the gradients vary from 
lin 18 to 1 in8.6. The motive power is derived 
from a stream flowing from the Lake de Bret, about 
seven miles from Lausanne, and 492 feet above its 
level. The line will be laid with double tracks, 
and each rising train will be assisted by a descend- 
ing one. The period of transit will be about six 
minutes. There will be two tunnels upon the line, 
and the motors working the ropes will also be 
employed to compress the air required for a pneu- 
matic railway 750 feet long, and connecting Lau- 
sanne with the station of the Western Railway of 
Switzerland. 

Nearly the whole or the remainder of M, Héléne’s 
book is devoted to a consideration of the Mont 
Cenis and the St. Gothard tunnels; of the former 
we have published a complete account in previous 
volumes, and notices of the latter appear from time 
to time in our columns. We may, therefore, dismiss 
this part of the work with the remark that the 
notice of the on employed, and the various 
perforating machines used on the works, are well 
written and tolerably complete. In all respects we 
can recommend ‘ Les Galeries Souterraines” as a 
book possessing much interest and considerable 

information of value. 








ROPE TRANSMISSION IN MILLS. 

Or late years the plan of transmitting power by endless 
ropes, instead of by flat belts or gearing, has been largely 
developed, and the results obtained have been such as to 
warrant the conclusion that the use of such means of 
transmission will become very greatly extended,’ In some 
cases failure, or excessive wear and tear, have resulted from 
the employment of inferior ropes, or of bad forms of 
grooves to receive these ropes; but the system, when pro- 
perly carried out, appears to give highly satisfactory results. 
Amongst those who have paid special attention to the car- 
rying out of this system of transmission are Messrs. Pearce 
Brothers, of the Lily Bank Foundry, Dundee, who now, 
we believe, invariably adopt it in their practice when the 
power of an engine has to be transmitted to a faster running 
shaft. The ropes generally used are 4} in., 5} in., and 
6} in. in circumference, and are made of thoroughly pre- 
pared hemp. For the transmission of small powers a single 
rope of course suffices; but for larger power a number of 
ropes are employed side by side, each rope running in its 
own groove, 

The engraving which we publish on page 76, shows the 
arrangement of rope “gear,” as applied by Messrs. Pearce 
Brothers to a jute mill, and this will give an idea of the 
system. In this case the ropes are transmitting about 
412 indicated horse power, the shaft on the left giving 
motion to the looms, that in the centre to the spinning ma- 
chinery, and that on the right to the carding machines, &c. 
It will be seen from our engraving that the system gives 
very great facilities for dividing the power of the engine 
between a number of shafts without the employment of 
vertical shafts and toothed gear, while the ropes also run 
very smoothly. 

Messrs. Pearce Brothers have, we believe, now applied 





rope gear to engines developing in the aggregate about 7000 
indicated horse power, so that the system has been largely 
tested in their hands. Amongst other instances they have 
fitted such gear to a pair of-engines for Calcutta, capable of 
indicating about a thousand horse power. 





WARD’S MORTAR MILL. 

Messrs. W. M. Warp and Co., of Limeriek Foundry, 
Tipton, have recently introduced, with iderable 
a mill for mixing mortar, cement, &c., which possesses 
several new features in design, and appears to have some 
marked advantages over those of the ordinary patterns. 
The pan of the mill is mounted on a central spindle, as 
shown in the engravings on page 77, and to the bottom of 
it is attached a large bevel spur wheel, into which gears a 
bevel pinion, on the spindle of which is mounted a pulley 
serving to give a slow revolving motion to the pan. At 
each end of the bedplate of the machine is bolted a standard, 
as shown in the illustrations, and en the top of these 
standards is placed a horizontal frame, of the form shown 
in the plan, Fig. 2, where it will be seen that two rectan- 
gular openings are made in the frame, of a size correspond- 
ing to the width and diameter of the rollers of the mill. 
The central part of the horizontal frame receives the upper 
end of the vertical spindle upon which the pan revolves. 
The rollers are mounted upon axles, which rest in bearings 
formed in the horizontal frame, as shown in the drawings. 
On one side of the pan is placed a wrought-iron trough, 
hinged (see Fig. 1) to the frame, and provided at the upper 
end with a handle, so that the angle of inclination may be 
varied at will, or the trough may be thrown up clear of 
the pan. In working, as the pan revolves giving motion to 
the rollers, and reducing and mixing the material, the latter 
is forced up the inclined trough, and is discharged con- 





tinuously at the top. By this ingenious arrangement the | 8” 


delay and trouble involved in emptying the mill by hand 
is dispensed with. Suitable scrapers, as shown in the plan, 
Fig. 3, are added to the machine. 

The advantages claimed for this arrangement are, chiefly, 
that less power is required for working it, and that it can 
be driven smoothly, and with but little vibration. The 
mode of driving the mill, and the absence of height, would 
tend towards these results, We believe that Messrs. Ward 
and Co. have already constructed quite a large number on 
this plan. 


NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Glasgow Pig-Iron Market.—No change of any import- 
ance in the price of pig-iron took place last Thursday till 
towards the close, when 63s. 6d. was accepted. On Friday, 
business opened dull, and quotations were as low as 63s., 
but in the afternoon sellers became more firm, and prices 
rose to 63. 9d., the market closing with buyers at that 
figure, and the week closing with a decline of 1s. 9d. per 
ton. It was expected that this reduction would improve the 
demand. Monday’s market opened rather easier at 63s. 6d. 
cash, and improved on a good business being done, to 
63s. 10}d. prompt cash, closing sellers over, buyers 63s. 9d. 
The market was steady in the afternoon, and business was 
done at 63s. 10}d. Friday, closing buyers over, sellers 64s. 
The opening price yesterday forenoon was 63s. 10}d. cash, 
there was then a slight improvement, as high as 64s, 1}d. 
being paid, closing with sellers at 64s. 1}d., buyers 64s. 
prompt cash, and 64s, 44d. one month. In the afternoon 
the market was idle, no business being reported; closing 
prices as in the forenoon. The market opened flat this 
forenoon at 63s. 6d., but improved to 63s. 9d. cash, and 64s. 
one month open paid, closing with buyers at the higher 
prices, sellers asking 3d. per ton more. In the afternoon 
the market was firm, and business was done at 63s. 104d. 
cash, closing buyers over, sellers 64s. Messrs. William 
Baird and Co. have reduced their Gartsherrie and Eglinton 
brands 1s. per ton all round. Last week’s shipments 
amounted to 6283 tons, as against 7934 tons in the cor- 
responding week of last year, 


The Scotch Blast Furnaces.—Two additional blast fur- 
naces were put in operation during the past week, one at 
Gartsherrie, and the other at Carnbroe Works (Messrs. 
Merry and Cuninghame’s), making the total number at 
present in blast 116, as against 118 for the same date last 
year. 

The Manufactured Iron Trade.—Notwithstanding that 
large hopes were p in the buoyancy of this branch of 
trade it is not nearly so brisk as was expected. Manu- 
facturers sold largely, but now that they are in need of 
specifications they are not forthcoming, there being no 
pressing demands that have not been provided for. In 
consequence of the decision lately given by the arbitrators 
in respect of the wages of the ironworkers in the North of 
England, it has been notified to the ironworkers in the 
Motherwell district, that on and after the 7th of Februar 
a reduction of 9d. per ton will be made on the wages of pud- 
diers, and 74 per cent. in the wages of millmen, shinglers, 
&c. This makes a reduction of 50 per cent. on the iron- 
workers’ wages in about two [~~ A good deal of busi- 
ness is doing at the Motherwell Iron Works. 


Large Contract for Water Pipes.—An important con- 
tract just been entered into with the Glasgow Corpora- 
tion Water Committee by Messrs. D. Y. Stewart and Co., 
conjointly with Messrs. Thomas m and Sons, 
Phoenix Semiby: both of Glasgow, for the supply of 2620 
tons of cast-iron pipes, varyi 42 in. to 12 in. in dia- 
meter, for the River Supply Water Works, which are now 
in course of construction to meet the wants of the manufac- 
turers and other consumers on both banks ‘of the 
Clyde in the east end of the city when the weir at the 








Hutchesontown Bridge is removed. In all there will be 
about 2} miles of main piping, and the contractors bind 
theniedived to have 1 completed fn nine months from, date 
of acceptance by the Water Committee. It is intended to 
have the whole of this important water supply undertaking 
completed by the month of May, 1877. 


Glasgow Locomotive Works.—Messrs. Diibs and Co., 
Glasgow Locomotive Works, have in hand at present 
enough work to keep the whole establishment employed 
for the next nine or ten months. Many foreign and colonial 
railway companies, and almost all the companies in the 
United. Kingdom, have been su wed with locomotives 
from this 4 engine factory. ose in hand just now 
include orders from the London, Chatham, and Dover Rail- 
way Comgany (the first order), and the Caledonian and 
Midland Companies. 

Fairfield Association.—The fifth general meeting of this 
association was held last Thursday evening, when an ad- 
dress on the subject of ‘‘ Mechanics’’ was delivered by Mr. 
A. C. Kirk (of Messrs. John Elder and Co.), one of the 
honorary members of the association. Mr. Kirk com- 
mended the study of mechanics to his hearers, and in the 
course of his instructive address he brought out and illus- 
trated some problemsin that study. He expressed his in- 
terest in the success of the association, and his suggestion 
met with the sympathy of a large audience. Mr. Kirk 
received the eteliel vole of thanks of the association for 
the interesting topics which he had brought before the 
meeting. 

Engineering and Shipbuilding Draughtsmen.—On the 
same evening a meeting of the Glasgow Association of En- 

ineering and Shipbuilding Draughtsmen was held. Mr. 

ex. Smith, vice-president, in the chair. Mr. P. F. 
Ruthven read an interesting and instructive paper on 
‘* Beams, and Strains on Simple Structures.”” He com- 
menced by investigating the formula for ordinary rectan- 
lar beams, and afterwards proceeded to show easy 
methods of calculating the strains on the various kinds of 
cranes, &c. The whole was illustrated by carefully ex- 
ecuted diagrams, which very much assisted in the elucida- 
tion of the subject. An interesting discussion followed. 

Edinburgh and Leith ay oe Society.—A meeting 
of this society was held on Wednesday last—Mr. Robert 
C. Reed, C.E., in the chair. A paper was read by Mr. 
Alexander Clark, C.E., on ‘‘ Contractor’s Plant.’? The 
writer first described the hand implements usually employed, 
and then went into the details of various special contri- 
vances required for special works. A model was exhibited 
of a very satisfactory kind of pump for low lifts, and which, 
as far as the writer knew, had not been before employed. 
The pump consisted of a vertical wheel, 13 ft. in diameter, 
with a series of curved buckets discharging laterally fixed 
on the exterior of its rim, and which was driven round 

artially immersed in the liquid to be lifted. From the 
Siminis ed friction, very little power was required to drive 
the pump, and it could lift 1000 gallons per revolution, 
making usually two revolutions p ona minute. A detailed 
description was given of the pile-driving machinery at pre- 
sent employed at Leith Docks, with which, it was stated, 
piles 9 ft. long could be driven in three or four minutes. 


Royal Scottish Society of Arts.—The fifth meeting of 
the present session of the Royal Scottish Society of Arts 
was held on Monday evening, Mr. John Milne, president, 
in the chair. Dr. Walter Scott Carmichael read ‘‘ A De- 
scription of the Patent Breakwater Steamer,’’ invented and 
patented by himself three ‘ag . The sbip consists of 
a nearly flat-bottomed hull, the sides below the water level 
are nearly perpendicular, but several feet above the water 
line the sides are continued with an inward slope, eventually 
becoming a roof over the main deck. Seven or eight feet 
above the main deck the sloping roofs end in a flat hori- 
zontal roof, partly glazed, to allow the more violent waves 
to pass harmlessly from windward to leeward. A spar deck 
above the horizontal roof affords facility for working and 
steering the vessel. The moving power of the vessel is in- 
tended to be one or more = ers working in tubes which 
run from stem to stern of the ship. His breakwater 
steamer, Dr. Carmichael expects, will advance straight 
through the waves, instead of rising over them, and hence 
it will be steadier than ordinary ships. Mr. T. B. 
M‘Fadzen, architect, read a paper on a new system of heat- 
ing churches and other buildings, as it had been applied by 
him to a church in Grahamston. Dr. Stevenson | aah 
pointed out that there was no provision for ventilation from 
the outer air during the period the people were in church, 
and that in a short time the vitiated air breathed by the 
congregation would be breathed over again. In the course 
of Gsonstion this view seemed to be co’ in. 


Institution of Engineers and Shipbuilders in Scotland. 
— Anordinary meeting of this institution was held last night, 
Mr. Hazelton R. Robson, president, in the chair. <A very 
valuable paper was submitted by Mr. James Brownlee, City 
Saw Mills, on ‘‘ The Action of Water and Loss of Ene 
which it sustains when flowing at various Velocities throug 
a Nozzle with a eae ntrance and Diverging Out- 
let.’’ It was illustrated by drawings, and by a series of 
tables embodying the results of a great number of experi- 
ments conviol out by the author at his own works. = 
sessor James Thomson, C.E., Mr. Alexander Morton, and 
Mr. R. D. Napier spoke briefly upon the subject discussed 
in the paper; and the author was highly complimented 
upon the great value of his communication. It was resolved 
on the suggestion of the president to postpone the discus- 
sion on the paper till the next meeting, by which time printed 
copies of it be in the hands of all the members. . BR. 
D. Na’ consented to open the discussion by giving a short 
paper in support of a formula which he stated to the 
meeting, having reference to the flow of water from a 
cistern by means of a nozzle with the friction assumed to 
be nil.’ Seven new members, two associates, and six 





graduates were elected. 
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THE RELATIVE PROPELLING EFFICIENCY 
OF SCREWS. 
By Chief Engineer B. F. Isuzrwoop, U.8.N. 

(Continued from page 520 of vol. wa.) 
Tape No. IX. Containing the Data and Results of an 
Experiment made with the Machinery of the United 
the Evaporative lificiency of the Botler with Anthracite, 
t wv ve 0 ‘otler wt: racite, 
and the Cost of the Indicated and i 
Horse Power in Pounds’ weight 8 Steam and of Fuel 
per Hour. (During this Experiment, the 
Vessel was secured to the Wharf o of the Mare Island Navy 


hour, total hi 
orse 
Pounds Or cabana Seamdannl ‘par 
hour, per net horse power .. 
Pounds combustible consumed per 


of 
ae Bie fe ane eon consumed per locas 


per gross effective horse power 
Pounds of feed weer os consumed per hour, 
per total horse ia 
Pounds of feed water resummed per hour, 
per net horse power... 
Pounds of feed water consumed per hour, 
per es ee horse power .. 


64.112 


Yard, California, with the Stern raised 6in. and held 
suspended 


@ Floating Crame.) 


Date of commencing the experiment, 
9.23 a.m., March 30, 1870. 


Vessel. os 4% 
’ * orw: 
bp mye ym md ht * Rent.» ae ge 3 11} 
* (aft 44 
Total Quantities. 
Duration of the experiment, in con- 
secutive hours and minutes ‘be 9.18 


Number of double strokes of engines’ 


pistons, and of revolutions of Fey a screw 65,844. 


Number of pounds of anthracite con- 


sumed... rv bit -- 1910. 
Number of pounds of refuse from the 
anthracite in ash, clinker, &. 810. 
N — of pounds ‘of combustible con- 
med. 1600. 
er centum of the anthracite in refuse 
of ash, clinker, &c. 16.23 
Cubic feet of feed water pumped into 
the boiler from the tank 220.212 
Pounds of feed water pumpel into the 
boiler from the tank 13,728.439 
Rate of Dasnbiidittei, 
we of anthracite consumed perhour 205.376 
Pounds of combustible consumed ad 
hour 172.043 
Pounds of anthracite consumed per 
hour, per square foot of grate surface 24.655 
Pounds of combustible consumed per 
hour, per square foot of grate —— 20.653 
Pounds of combustible consumed 
hour, per square foot of heating 
surface ... 0.927 
Temperatures. . , 
Temperature, in degrees Fahrenheit, o! 
the external atmosphere . 61. 
Temperature, in degrees F ahrenheit, of 
the engine and boiler room.. 88. 
Temperature, in — Fahrenheit, of 
the bay water 60. 
Temperature, in degrees Fahrenheit, of 
the feed water in the tank .. 58. 
Temperature, in degrees Fahrenheit, of 
the feed water nce the boiler ... 125. 
Eng 
Number of double strokes “made per 
minute by the engines’ pistons ‘a 118. 
Steam pressure in boilers in pounds per 
square inch above the atmosphere ... 92. 
Position of the throttle valve .. wide open 
Fraction of the stroke of piston com- . 
pleted when the steam was cut off . 0.858 
Thrust of the screw in pounds, per dy- 
namometer 858.55 
Height of the barometer in inches of 
mercury . gee 29.38 


Steam Senheend in 2 Oplindere, per Indicator. 


In pounds per square inch above zero 


at commencement of stroke of pistons 104.2 
In pounds per square inch above zero 
at point of cutting off the steam ; 98.7 
In pounds square inch above zero 
at end of stroke of pistons .. 81.2 
In pounds per square inch above zero 
against the a during their stroke 21.1 
Mean gross effective pressure on pistons, 
in pounds per square inch . 80.9 
Mean total pressure on pistons, i in pounds 
per square inch .. 102.0 
Mean net pressure on pistons, i in pounds 
per square inch .. a TD 
Absolute : Power. 
Gross effective indicated horse powers 
developed by the engines ... 27.221 
be 3 horse powers developed by the 
es 34.320 
Net orse powers developed by the en- 
gines 26.548 
Dyaemometeieal horse powers developed 
the engines _.., 23.025 
Economic : 
Pounds of anthracite consumed per hour, 
al an effective indicated horse 
7.545 
piee of anthracite consumed. per hour, 
per total horse power fi 5.984 
Pounds of anthracite consumed per hour, 
net horse power 7.736 
Pounds of anthracite consumed. per hour, 
per dynamometrical horse power. 8.920 
Pounds of combustible consumed per 
hour, oe oe indicated saad 
power 6.320 





Total: orisation. 

Total number of Rl: of water that 
would have been vaporised in the 
boiler, had it been supplied at = 
temperature of 100 deg. Fahr 
vaporised under the atmospheric’ Pann 
sure of 29.92 in. of mercury ... 

Total number of pounds of water that 
wo! have been vaporised in the 
boiler, had it been supplied at the 
temperature of 212 deg. Fahr., and 
vaporised under the atmospheric ih 
= of 29.92 in. of mercury . 


. 13,876.906 


. 15,499,255 
Econo 
Pounds of water "of anthracite from - deg. 
Fahr., by 1 lb. o a 
Pounds of water vai 
Fahr., by 1 Ib. o 
Pounds of water va vapeeeen eas from 212 deg. 
Fahr., by 1 Ib. o' 
Pounds of water vaporised vot 212 deg. 
Fahr., by 1 lb. of combustible isa 


Condensation. 

Pounds of steam discharged from the 
cylinders into the atmosphere, calcu- 
lated from the pressure of the steam 
at the end of the stroke of the pistons 

Pounds of steam condensed in the boiler 
and cylinders to furnish the heat 
transmuted into the total poms: deve- 
loped by the engines, acco’ to 
Joule’s equivalent “i 


Sum of the above two quantities ... 


Per centum of the steam evaporated in 
the boiler, condensed in the boiler and 
cylinders to furnish the heat trans- 
muted into the total power — 
by the engines .. 

Per _ form tone of the steam evaporated i in 
the boiler not <hr We or td ~ 
indicator ... des 


Difference, due to all causes, between the 
weight of feed water pumped into the 
boiler, according to the tank and 
the weight of steam discharged from 
the cylinders into the atmosphere at 
the end of the stroke of the pistons, 
per indicator, expressed in om meer 
of the feed water ae 


7.265 
8.673 
8.115 
9.687 


8,452.090 


3 


ti : 


9,382.786 
31.65 


38.43 


Experiments made to ascertain the Dynamometrical Re- 
sistances to Dragging, of the Experimental Screws A, 
B, CO, D, E, F, and H, of the United States Steam Launch 
No. 4, when it was towed by the United States Screw 
Steamer Monterey, with its Screws disconnected from 
its Engines, and revolving freely by the Pressure of the 
Water on the forward Side of their Blades, and held 
stationary in different positions. 

The following experiments are the loige riers of their 
kind of which the writer has know’ ey supply, in 
part, a great desideratum in marine pont = ee 
show the loss of speed sustained by a cea gene when 
under sail alone, consequent on the dcogging 
through the water in different statio: positions, : ae 
when revolving freely by the pressure of the water on the 
forward surface of their blades. They also show the com- 

tive resistance of screws of different kinds, with dif- 
erent proportions and number of blades, under the above 
conditions. 

The screws ers in these experiments were screws 
A, B, Ths 3 E, F, and H, of the United States steam 
launch No. 4 > embracing ail, with exception of screw G, 
jon detail used i = the exp we ents made with that launch 
and detailed in the imm ly preceding report. 

During the experiments about to be described, the launch 
was at a less nee ht of water than d those referred 
to, and had the following dimensions and proportions in 
the water : 

Length, in feet, on load water line, from 

forward edge of rabbet of stem to after 
side of stern-post - 54.40 
Extreme breadth, in feet, on load water | 


1.88 

Doth, in feet, ‘of hull from load Seatet 2.160 

water line to lower be il of; mean.. 2.891 
rabbet of keel ‘ aft 


Load draught, in feet, of wa’ 
from the bottom of the eel 


- 


forward ¥ 


wp gonoget 
B eeseei 


Area, in square feet, ofthe greatest 
immersed transverse section 2 

Area, in square feet, of the immersed 
external surface of the _ proper, 
exclusive of keel and rudder 


571. 








Area, in square feet, of the immersed 
external surface of the hull, inclusive 
of keel (100.8 square feet) and rudder 
Displacement ft . 093.117 
cu! és ‘ 
Displacement (tons)... ii ~ 19.842 
Ratio of the area of the test im- 
yore Seneveast section - the area ® 
of i parall 6356 
Ratio of the aa to its circum. 
scribing elopipedon _... 0.3710 
The $i epee of oe Bigs om gg can be gp oe 
from the immediately Its hull, d 


the <cpuineate about to be “be doseribed, bad 0. 265 ft. dra 
than during the experiments on the samaiie 
efficiency of the screws, with, of course, a corresponding 
decrease in the area of the greatest i 
section, in the area of the immersed external surface, and 
in the displacement. The test immersed transverse 
adios and the immersed solid of the hull were also sharper 
than with the greater dra ht ‘of water. The resistance 
of the hull must, therefore, have been less. It was in fact 


oon aeaie 103 per centum less at the speed of seven 
 -apgcom miles per hour, as measured by the dynamo- 


MANNER OF MAKING THE EXPERIMENTS. 


of water less 


The screw steamer Monterey, by which the steam launch 
No. 4 = towed, is a meet attached to the Mare 
Navy Yi Yard. On the deck this vessel, at the stern, 


the pd a ape of a very sensitive dynamometer was bolted, 


pwnage ek le horizontal lever, one end of which bore 
pasha the Knit sis ing deal ros tn too 
C) e e 
The other end was . 


articulated to a spiral spring, the 
opposite extremity of of which, in its turn, was also articulated 
to the bedplate. At one-tenth of the distance between the 
points at which the lever was; secured to the bedplate, 
measured from the end ,oppe ite that to which the sp Dem 
was attached noma 
edge a s 


steel loo; U-shaped, was aon ph ey this loop the 
tow line an Oe oes Beet Sean See The leverage 
of the spring against the tow line was exactly ten to ono. 
The weight of the lever was supported on delicate brass 


friction rollers, polished, and moving on polished brass 
wa t precaution was thus used to the friction 
of the dynamometer as little as ible, as it was reduced 


to the extent that one-fourth o' gm ed tension on the 
spring was sufficient to give movencat to the unloaded 


instrument, 
A scale, Eyes etsnad te tha ba Ye oe 
whole length, was attach the base peak: gh of the gc 
and the opposite end of the spi neil, whi 

on @ m sheet of paper Cpeetd tendion i> 
pes yee des Png ined movement of the pencil and paper, 
and measured hae scale. The paper was wound around 
a light polished brass cylinder of 8in. diameter, the steel 
axle of which, at each end, was s in brass 
secured to the bedplate of the dynamometer. This cylinder 
received a ro movement from the screw shaft'« of the 
vessel by means of two shafts at right les to each other, 
the first being horizontal and lying feat above the deck, the 
second being vertical and connecting the first, by by my means 
of mitre gearing, with the screw shaft. The vertical shaft 
received its movement from the screw shaft by means of an 
endless worm and wheel, and the cylinder received its 
movement from the horizontal shaft by similar mechanism. 
The dynamometer diagram, thus , Was sufficiently 
long for a single run of the vessel, so that it was continuous 
from one end of the base to the other. 

The base used was the one employed in the previous ex- 

riments on the propelling efficiencies of the screws of steam 

unch No. 4 alvendy referred to. It was a ht line 
8950 ft. long, in smooth water, and under the lee of the high 
ground of Island. 

The tow line was a small cord, just strong enough to 
sustain the maximum tension without breaking, and 170 ft. 
in —— between the vessels. It was attached, by means 
of a bridle, to the bows of the launch about 18 in. above the 
deck, so that the towing strain was ly in the v5 
plane of the keel. The screw of the Mon had bu 
very small slip when towing the launch, so that any Lad 
thus thrown backward lost its movement within a very short 
distance and exercised no effect upon the following launch. 
The strain on the dynamometer exerted by’ the tow line 
alone, at different angles of inclination from the vertical, 
was experimentally ascertained and deducted from the strain 
on ~ dynamometer when towing the launch with the same 

— of inclination of the tow line. 
«Throughout these experiments both vessels remained at 
a e same dra ught of water, and during each 


steam pressure tate Mon‘ ’s boiler, A gp. on 
tion of the throttle valve of its engine, and all other 
conditions, were maintained as nearly constant as = 


The speed of the launch was ascertained both by the 
marks and by the Berthon tube, in the same emias as 
described by the p experiments on the 
efficiency of the screws. The number of revolutions 
the screws, when revolving freely by the of the 
water on the forward surface of their blades, was ascer- 
— by a counter, in the manner described for the experi- 
y referred to. The same persons were em- 
plogedi in both sets of ampetineate, and were perfectly expert 
in making them. 


engines, so that in revolving it had only the friction of its 
and collars to overcome. Its Blew vere: dies soatte 


inboard end of the dead wood, was packed 
tight to prevent water leakage. 
cat water Lek cblsinod by dividing 


The mean 
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of imucions, five tee locgtt of theses the curve 


is 631 Ib. 


quantity. f 
of water when it was e 
its own screws. In the former case its 

transverse section was 21.83 square feet ; 


] the different speeds, and reduced in the above proportion, 


eal miles per hour was 707 lb. ; 
the difference in the two cases is consequently (707—631=) 


76 Ib., or Cars) 102 per contum of the larger 


A part of this is due to the vessel’s less draught 
than when it was propelled by 

greatest_ immersed | j 

in the latter case |" 





; : - poets x behind the lifference, ((24:98—21.83 x 100_ 
: Lod aine gether: = be Seine’ wctlig — ( 24.98 
» AS as ° " . . ‘ 
Phen six rans were made with the blades at right angles to 12.61 per centum of the larger quantity. In the latter 


é screw 
to freely revolve, six Fem Were made > the 
geograp per hour, as nearly as 
pr aha baer See ee eee “ 
8 hi¢al miles per hour, 
cs neatly ws could be obtained, 
2. With screw B, which was exactly the same as screw 
A, ex that its length was 8§ in. in the direction of the 
axis instead of 1lim., precisely the same set of trials was 
made as with screw A. 
3. With screw C, which the same as screw 
A, except that its length was 54 in. in the direction of the 
axis, precisely the same set of trials was made as with 
scrow 


4. With screw 'D, which was exactly the same as screw 
A, except that its length was 3} in. in the direction of the 
poy ame ly the same set of trials was made as with 
screw 


5. With screw E, which was Segond of four blades 
around the axis, the length of each blade in the 
ing 5}in., and the pitch, surface, 


2 


ion of the axis 


gud Cisaaaber the ease do toate of screw A, six runs were t 


made with two blades in the vertical position immediate 
behind the stern-post of the vessel, and the other two blades 
in the horizontal position or square across the vessel, the 
vessel's being seven se miles per hour, as 
ry boy could be obtained. en six runs were made 
with blades of the screw standing at the angle of 45 
deg. with the horizon, the speed of the vessel being seven 


phical miles per honr, as nearly as could be obtained, 
, the screw Pring allowed to revolve f , Six runs 
were made at the s ical miles per 


of seven 
hour, as nearly as could be obtained; after which six runs 


in two 

pairs—the blades of each being sag ite each 
other—and one pelt faced immo behind the other, 
ed i m on a plane at rig t angles 

to the axis, the screw appeared to be two-bladed, six rans 
were made with the blades in a vertical position immediately 
pea pa stern-post of the v the latter having the 
8 seven hical miles per hour as nearly as 

Dtained.” Then i 


screw A. 

7. With screw H, which was a three-bladed Griffith 
screw of 11 in. extreme length, anda pitch that on 
from 63 ft. to 7} ft., the diameter being the same as that of 

six runs were made with one ical bel 


as 
° “ , Six runs were made with one blade hori- 
zontal—that is, square the vessel on one side of t 
stern- the two blades on the other side 
of the stern-post at angles of 60 deg. from the vertical. 
Finally, Romp poly Sensei conn a mgm o 
were made at the of seven ical miles per 
hour as ‘nearly as could be obtained ; which six runs 
were made at each of the speeds of 6}, 6, and 54 
graphical miles per hour, as nearly as obtai 

RESULTS. 

Of the Resistance of the Hull, per se,that is, its Resis. 
tance without any Screw attached No 


ms ah Od go cee ed ey Six runs were 
made at and the mean taken of the experi- 
mental speeds.and of the corresponding ometer dia- 
grams A 


ly from which ¢ 


case the area of the immersed exte 
was 717 square feet; in the former case 


717 


23.3053 — 19.8420 x 100 
23.3053 





12,61 


rnal surface of the hull 


685 square feet ; 


difference, ( =) 4.46 per centum of the 


larger tity. In the latter case the displacement was 
23.3053 tons ~ the former case, 19.8420 tons ; difference, 


=) 14.86 per centum of the larger 





quantity, The mean of the three ( 


ference of the resistance in the two cases. 
Results with Screw D.—This 

had the least surface of 

vey ootent. tedasbed 

principal portion o P aréa on 

angles to the axis is nearly masked or cov: 

eee t = vessel when the two blades are 

i 


position immediately behind the stern- 
he aggregate resistance of the vessel 
of 7 seographical i 


per centum, and decreased its s 
7.1428 ; and 7.1428—7.=) 0.1 


hour, or oe =) 2 per centum. 


19.81 per centum, and decreased its speed ( 


0.6620 x 100 
).6620 100) 5 64 ner centum. 
°F \ 7.6620 ) a 


From the above it a 


diately behind the vessel’s stern-post. 
When screw D was allowed to revolve freely by the pres- 
757 revolutions per 


stant for all s 
hour. The axial 
6086 — 5.136 x 757 x 100 





per hour, the screw was 


speed fell off 
position behi 


rotary speed increased. That 
ocourring as the blades became 


at right angles to their axis. 


hour and screw D revolving freely, 

of vessel and screw was 625 Ib. 

631 Ib. due to the resistance of the vessel, 
the resistance of the screw, 
screw, wW i 


revoly: » in 
54X100_ 





centum. 

When a two-bladed screw has so small 
pitch as screw D, namely, 0.1014, where 
nearly masked by the vessel’s stern-post, 
the resistance due to 


than when it is held i 
stern-post in the vertical i 





3; bat 3 


7.6620 and 7.6620—7.=) 0.6620 geographical mile 


oe ay 


than whenit is held stationarywith its blades ix 


+4.46+ =) 
3 


10.64 per centum, is almost the exact experimental dif- 
is screw was two-bladed, and 


employed in these trials ; it is, 
t ascertain its results. .The 


a plane at right 
ered by the stern 
Pp vertically 


With the blades of screw D held stationary in the vertical 


t of the vessel, 


ical miles per 

@ 631 lb. dne to the resistance of the vessel, 
there remained for the resistance of the screw, per se, 26 lb. 
Consequently, the serew, with its blades in the vertical 


position, increased the vessel’s resistance Ga=) 4.12 


d (4/631 : 657 :: 7: 
geographical miles per 


With the blades of screw D held stationary in the hori- 
zontal position, square across the vessel, the te re- 
sistance of the vessel and screw, at the 7 geo- 
graphical miles per hour, was 756 lb. ; deducting from which 
the 631 1b. due to the resistance of the vessel, there re- 
mains for the resistance of the screw, per se, 1251b. Con- 
sequently, the screw, with its blades in the horizontal 


position, increased the yessel’s resistance 





125 100_ 
sai) 
/ 631 4/756 337: 
per hour, 


that screw D, when its blades 
were held in the horizontal position, square across the 


vessel, had (37) 4.808 times the resistance it had 
when its blades were ‘held in the vertical position, immo- 


sure of the water of the forward face of its blades, it made 
geographical mile, which number was 

not affected by the speed of the vessel, but remained con- 
from 5$ to 7 geographical miles per 

speed of the screw was consequently 


=) 36.12 per centum less than the 


6086 
speed of the vessel, and when the latter was 7 geographical 
le yom ge Fp ee —— 
wa our. 
The revolutions of this screw were not uniform ; t 


rotary 


tly as the blades came: into the vertical 
the stern-post of the vessel, at which point 
there was a decided hesitation in passing, after which the 


owing to their excessiv narrowness in projecting on a plane 
With the vessel at the speed of 7 geographical miles 
aggregate resi noe 


resistance 
from which the 
there remain for 


se, 541b. Consequently, th 
i the vessel’s resist} 


; =) 8.56 per centum ; and decreased its 
speed (4/631 : »/ 685 ; : 7 : 7.2934 ; and 7.2934—7.=) 0.2934 


geographical mile per hour, or ed 4.02 per 


a fraction of the 


by its blades are | and the 


it appears that 


serew when revolving freely is 
2 per centum of the resistance of the vessel, per se, more 
with its blades behind the 


per centum less 
the horizontal 





the speed of 7 geographical miles hour, was 721 Ib., 
deducting from which the 631 1b. due to the resistance of 
the vessel, there remain for the resistance of the 
screw, per se, 90 Ib. C uently, the screw with its 
blades in the vertical position increased the vessel’s resist- 


14.26 per centum ; and decreased the 


x100_ 
8 V 681:./ 721 :: 7 : 7.4826; and 7.4826—7=) 0.4826 
geographical mile per hour, or ee) 6.45 per 


centum. : : P 
With the blades of screw C held statio: in the hori- 
zontal position, square across the vessel, the aggregate 
resistance of the vessel and screw at the speed of 7 geo. 
graphical miles per hour was 851 lb., deducting from which 
the 631 lb. due to the resistance of the vessel, there remain 
for the resistance of the screw, per se, 220 1b. Consequently, 
the screw with it blades in the horizontal position increased 


the vessel’s resistance ee 34.86 per centum ; 


and decreased its aon (w 631: / 851 :: 7:8.1292 and 
8.1292 —-7=) 1.1292 geographical miles per hour, or 
tise =) 13.89 per centum. 
From the above, it appears that screw C, when its blades 
were held in the horizontal position, square across the 


vessel, had =) 2.444 times the resistance it had when 


whe ed were held in the yertianl position, immediately 
behi e vessel’s stern-post. 

When screw € was allowed to revolve freely by the pres- 
sure of the water on the forward face of its blades, it made 
921 revolutions per phical mile, which number was 
not affected by the 8 of the vessel, but remained con- 
stant for all speeds from 5} to 7 geographical miles per 
hour. The axial speed of the screw was consequently 


6086—5.136x921x 100_ ) 99 98 per centum less than the 


6086 : 
speed of the vessel, and when the latter was 7 geographical 
miles per hour, the screw was dragged through the 
water at the speed of 1.559 geographical per hour. 
The revolutions of this screw were uniform, there was 
no appearance of hesitation when the blades came into the 
vertical position behind the stern-post of the vessel. | 





hour, and screw C revolving freely, the aggregate resistance 
of vessel and screw was 698 Ib. ; deducting from which the - 
631 Ib. due to the resistance of the vessel, there remain for 
the screw, per se, 67 lb. Consequently, Fi the screw, 
when revolving freely, increased the vessel’s resistance 


a= 10.62 per centum ; and decreased its speed 
(/ 681 : 4/698 : : 7: 7.3623 ; and 7.3623 —7.=) 0.3623 geo- 


‘ ja 0.3623 x 100_ 
graphical mile’ per hour, or (“jaa =) 4.92 per 
centum. 


From the foregoing it appears that the resistance due to 
screw C, wiun, sevelsing reely, is 3.64 per centum of the 
resistance of the vessel, per se, less than when it is held 
stationary with its blades behind the stern-post in the ver- 
tical position ; and 24.24 centum less than when it is 
held stationary with its b in the horizontal position, 
square across the vessel. 

(To be continued). 








THE JOHN CocKERILL Company.—This important Bel- 
gian und ing made a week or two since at its new rail 
rolling mill 943 tons of rails, and this production is expected 
to be shortly still further increased. On_one day recently 
(January 1,) nearly 200 tons of rails of the ype in use upon 
the Belgian State Railways were rolled at mill, The 
Cockerill Company complains, however, in common with 
their great Belgian undertakings, of dulness of trade. 





= regret eerie oa FR te area oc- 
cupi the buildings proposed or actually 
: erected for the p of the American Centennial 


Exhibition is 60 acres. The paiidings of the Vienna Ex- 
hibition in 1873 occupied 50 acres ; those of the Paris Ex- 
hibition of 1867, 40} acres ; those of the London Exhibition 
of 1862, 24 acres; those of the Paris Exhibition of 1855, 
30 acres ; those of the New York Exhibition of 1853, 53 
acres; and those of the London Exhibition of 1851, 20 
acres. It may be interesting to note how the total area 
of 60 acres assigned for the buildings of the American Cen- 
tennial Exhibition is made up. ‘The Main Building covers 
214 acres ; the Art “(Memorial Hall), 1} acres ; the 
i Hall, 14 acres : the Horticul! Hall, 1} acres ; 

uilding, 10} acres. We have thus 
accounted for 48§ acres, and we have further to take ac- 
pes Stings bape <r ent, ae, carriage, and photo- 
graph buildi which cover some 12 acres more. We pre- 
sume the calculations include to some 





&e., 
extent.. The whole area for the purposes of the 
ition is, however, not less than 230 acres. 


With the vessel at the speed of 7 geographical miles per 
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distinct ideas should be formed of the actual ‘x his 7 Ty eletvalbal ear | 
THE ORIGIN OF MOTION. —No. I11, | Gstitct Gee ee there phouomena » and: therefore |iniee ne tapdnadiretan ae 


1. As a preliminary to an investigation of the mode 
or physical process by which the motion developed 
in molecules (in the process of combustion, &c.) is 
derived from the ether, or the physical conditions 
under which the molecules of matter are adapted to 
derive motion from the store existing in the ether, 
the following considerations are of special im- 
portance : ; 

1. The Molecular. Vibrations —It is a known and 
aceépted fact that the molecules of all substances 
on the earth’s surface at normal ‘‘ temperature” are 
generating waves in the surrounding ether (the 
waves of heat), the molecules of all substances there- 
fore being in a state of vibration. 

II. When a mass of matter is in vibration, the 
vibrating mass is continually imparting en to 
the surrounding medium, and a vibrating molecule 
must accordingly be continually imparting energy 
to the surrounding ether, It follows, therefore 
(and this is a practical point attended by important 
consequences), thata certain excess or surplus of energy 
must exist in the waves emitted by vibrating mole- 
cules, This point is directly proved by the observed 
fact that when a heated mass, such, for example, as 
a heated metallic ball is suspended i vacuo, the ball 
cools rapidly by ‘‘ radiation,” i,¢., the molecules of 
the ball rapidly lose their acquired motion by trans- 
ference to the surrounding ether, and, therefore, a 
certain excess or surplus of energy must be imparted 
to the ether, or exist in the emitted waves, this 
surplus of energy representing precisely that lost by 
the molecules of the ball in the act of cooling down. 
So in the ‘same way a vibrating mass on a larger 
scale, such as a vibrating tuning-fork, imparts a 
surplus of energy to the surrounding air, and 
thereby the fork rapidly loses its acquired motion. 

III. It follows, therefore, that since the vibrating 
energy of molecules is observed to preserve a con- 
stant average value (represented by normal ‘ tem- 
perature”), this energy of vibration must be sus- 
tained by some external source of motion; for 
otherwise the molecular vibrations, on account of 
the surplus of energy continually imparted to the 
surrounding ether, would soon cease. 

IV. It is a known fact that the sun constitutes 
this external source of motion which sustains the 
vibrations of the molecules; the waves generated 
in the ether by the sun (the waves of heat) .in fall- 
ing upon the molecules of matter on the earth’s 
surface replenish the continual loss of energy, the 
molecules acquiring finally such an intensity of 
vibration that the amount of energy received from 
the sun equals the amount imparted by the mole- 
cules of matter to the surrounding ether. 

V. The important researches of Tyndall on the 
deportment of the molecules of gases to radiant 
heat, and the spectroscopic observations of Kirchoff 
and others, have served to throw much light on the 
constitution and deportment of molecules, Dif- 
ferent molecules have been shown to emit waves of 
different periods, or a molecule is found to be cap- 
able of vibrating to certain special periods in pre- 
ference to others, and of taking up the motion of 
waves of those special. periods which the molecule 
itself emits, 

This is ig.perfect analogy with the larger scale 
masses, A vibrating mass, such as atuning-fork, is 
specially capable of taking up, the waves of that 
period which it itself emits, or the fork can best be 
thrown in vibration (‘‘ resonance”) by a second fork 
which vibrates in unison with it; so a freely sus- 
pended mass of matter of any kind, such as a plate 
of metal, can only be affected by waves falling meen 
it, when these waves have acquired a certain rapidity 
of succession, The deportment of visible masses 
and the smaller scale masses ({‘‘ molecules”) as. re- 
gards vibrations are, therefore, in perfect analogy 
with each other ; in facta molecule may be properly 
regarded simply as a mass of matter of such dimen- 
sions as to be adapted to take up the extremely 
rapid periods of the ether waves (the waves of heat) ; 
just as the dimensions of visible masses adapt them 
to take up the relatively very slow periods of the 
air waves (such as the waves of sound), The mole- 
cules of matter on the earth’s surface are, so to 

thrown into resonance by .the waves of 


K 
1 periods coming from the sun, just as masses of 
salen are thrown into resonance by ihe vibrations 


of some distant.source of sound, 

2. The Energy — Waves next the a 
Surface.—It is of the im in dealing wi 
the molecular vibrations cileinaedioe of. drawi 


practical deductions from them, that realisable 





we shall first consider the energy of the ether waves 
producing these molecular vibrations, next‘ the 
earth’s surface. It is a known fact established and 
confirmed by the independent observations of 
Herschel and Pouillet that the direct vere ore 
of the sun is capable'of melting 0.00728 in. of r 
minute: From the known mechanical value of thi 
effect it may therefore be computed that the waves 
traversing the ether at the earth's surface (the waves 
of heat) are working up to rather more than’ one 
horse-power per square yard of the earth’s surface 
(or 37,000 foot-pounds per minute), or to give, per- 
haps, amore distinct idea of this energy, the en 
contained in the waves is equal to that which would 
be contained in an air blast directed the 
earth’s surface at the rate of 56 milesan hour) From 
this we may be prepared to expect that the vibra- 
tions ‘of molecules must possess a very high in- 


tensity. 

3. Cdepesing the spherical area of ether over 
which these waves are spread at the distance of the 
earth from the sun, with the spherical area over 
which they are spread at the sun’s surface (i.¢., the 
area of the sun’s surface itself), a réliable and cer- 
tain estimate may be formed of the energy ‘of 
these waves at the sun’s surface. It has been de- 
duced by Sir William Thomson that these waves at 
the sun's surface are working up to 7000 horse power 
per square foot oe 63,000 horse power per square 
yard), Itshould be kept in view that these results 
are not mere hypotheses, but facts resting upon ‘the 
sure basis of experimental observation, and a reali- 
sation of the above facts will serve to show in a 
clear light the admirable adaptability of the ether as 
a transmitter of power, or as a mechanism for carry- 
ing off this energy to adistance. It is well known 
that the higher the velocity of a belt or any 
mechanism for transmitting’ power to a distance, 
the less is the strain on the belt or mechanism 
by the transmission of a given power. The high 
normal velocity of the component icles of 
the ether, therefore (equal to that of a wave of 
light), is the essential mechanical'condition, whereby 
the ether is adapted to transmit the above prodigious 
powerjto a distance with a minimum of strain on its 
equilibrium. If for the sake of illustration we 
imagine the case of a belt moving at the velocity of 
light and transmitting 7000 horse power, then the 
strain on it would only be 27 grains. The deduction is 
therefore necessary that in the carrying off of this 
energy by the ether with the velocity of light, a small 
reaction or back pressure* amounting to 27 grains per 
square foot must be directed against the solar 
surface. In connexion with this, the work done by 
each square foot of the solar surface (7000'horse 
power) may be given as equivalent to that of raising 
a weight of 27 grains with the velocity of light.’ If 
it were not for this high value of the normal velocity 
of the ether particles, orif the ether were a sluggish 
dense agent, then the back pressure, due to the same 
amount of energy carried off, would be ’ propor- 
tionately greater. The energy is'so rapidly carried 
off that the absolute ‘amount of energy contained in 
the waves (even next the sun’s ‘surface) must ‘he 
very small compared with the energy enclosed by 
the ether itself in its normal state, or the increments 
and ' decrements of velocity experienced’ by ‘tlie 
particles forming the wave must be very small com- 

with the normal velocity of the particles. 
Thus it'may be computed’ directly from the known 
velocity with which the energy is carried off, and 
the known amount carried off per second, that the 
waves contained in one cubic foot of ether next the 
sun’s surface only represent a total. energy of 
27 foot-grains, peerage of an energy of 1727 foot- 
tons through this cubic foot every second. 
Such is the rapidity with which the energy is carried 
off, that in transmitting the above enormous total 
of 1727 ape ment bres en only 27 
foot-grains.of energy is cubic foot at 
onetime. Nothing surely fore r Ieraes to exhibit in 
a more striking light the carryin qo Ae this 
magnificent piece of mechanism the above in- 
disputable facts based on direct observation. 

4. It is our purpose not only to put forward as a 
necessary inference the already deduced value for 
the normal velocity of the ether particles, but it is 
our endeavour also to show the consistency of this 
fact, or its harmony with just mechanical principles. 


* The recent tal results of Crookes.on re- 








svcd dor” rales hc Se NN a 
tion of this point. 


high 
it should be kept in view that these ideas are formed 
from the observation of the movements of visible 
masses of matter next the earth’s surface, where the 
phrasal, conditions are eminently 

gh for gross masses ‘of matter cannot be 


in rapid motion without continual ‘and forcible 
obstruction by the air, &c., and ee are 
therefore practically unattainable in such rv and 
or epee aloranerpear ° fa the case 74 Soles of 
é " : ; 7] * a 
matter on the other land, thé’; " 
are moré favourable’ to” , "since in that 
coe the thes tytn y ‘ol “eo Bin Boon 
nolecules ' possess considerable normal 
velocities. fie free éther even gross 


In masses may 
yeeds, as exemplified for instance in the 
of planetary bodies which attain speeds of many 
miles perséecond, and quantities of matter in the 
form of comets have been observed to be propelled 
round the sun at\a velocity-of upwards of $00 miles 
per second, If, therefore, it ‘be realised that as an 
actual certainty masses of matter attain such 
speeds as this, what*real difficulty can there be in 
realising the existencé of a high in the case of 
the minute ether particle which moves entirely 
without obstruction, and ‘therefore where the con- 
ditions are eminently favourable to a high speed. 
The molecules of are known to possess a 
highernormal velocity as the massof the molecule (the 
density of the gas) hes. ‘The exceptionally 
low density of the ether would therefore rather lead 
an exceptionally high velocity for the ether particles 
to be .ex than otherwise, When t 
velocity is realised’ as a reasonable and consistent 
fact, the admirable adaptability of the ether as a 
transmitter of power, and the vastness and high in- 
pom pf of the store of ‘ep enclosed by it, con- 
cealed in the normal state of the ether, but apparent 
in the flash of lightning and'the gun: er explo- 
sion, will commend itself as a fact capable of a 
practical realisation. 

5. The Energy of the Molecular Vibrations.—We 
before ‘refe to the’ considerable energy of the 
ether waves (the waves of heat) next the earth’s 
surface producing the molecular vibrations as a fact 
which would warrant the expectation that these 
molecular vibrations should possess a high inten- 
sity. Moreover, since the molecules of ali ‘sub- 
stances on the earth's surface ss at normal 
temperature a like energy of motion, a perfect equi- 
librium of motion existing, the energy of this 
motion might, therefore, possess an absolute value 
however high and yet remain concealed or imper- 
ceptible to tlie senses, for only a change in the 
energy of the molecular vibrations (a change of tem- 
perature) is perceptible to the senses, Hence there 
would be nothing to prevent one from expecting 
rare = moletular energy might possess a very 
high'value.  *'' 

6: In order to arrive at a just idea of the absolute 
value of this energy we {must evidently {reckon the 
temperature from the absolute zero. Taking normal 
temperature at 60 deg. Fahr., then this represents 
an absolute em of 519 of Fahrenheit’s de- 
grees reckoned from the absolute zero, The addi. 
tion of 1 deg. Fahr: to a mags of water is known to 
be an addition to the energy of motion’ of the mole- 
cules of the mass, which if utilised would be com- 

nt to raise or project the mass of water to a 
eight of 772 ft. e absolute value of the energy 
of the molecular motion d by’a mass of 
water at normal temperature, and represented by 
the pee Ag the vibrations of its component mole- 
cules would, therefore, if utilised, be competent to 
project the mass of water to a height of 519 x 772 ft., 
or about 75 miles. If, therefore, the molecules 
of the mass of water instead of vibrating about 
stable Brn cor of equilibrium within such small 
limits that the motion necessarily escapes detection, 
were simply to have their motion resolved into a 
direct pn Sele ha molecules of the 
mass of water wo a an energy com- 
parable to that of tigilbted peipowst, This affords 
again an instructive example of the concealed motion 
so frequently Vsiagerret aed in the phenomena of 
nature ; or when we look below the surface we find 
that’ the normal’ state of matter is 
The concealed motion contained in 


on conts A. 
the senses at rést may be shown to be, 
that which it receives’ atthe jana of 

7. It should be in view that 
energy to a high in ty. to exist, 
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of the or possessed by molecules is therefore 
only in ical namene ue their exceptional 
minuteness, The energy of the air 
affords another example of this. The normal 
velocity of the air molecules being at the rate of 
1600 ft. per second, the enclosed is, there- 
fore, almost explosive in its intensity, or if the com- 
t molecules of a cubic foot of air were sud- 
to lose their motion a practical vacuum would 
be formed, and the sudden restoration of equili- 
brium would be followed by a dynamic effect re- 
sembling an explosion, It may be observed, there- 
fore, that if the energy enclosed in the air is thus 
concealed from the senses, how much more must 
this be the ' with the = the “— maps 
moving particles are incomparably more minute, the 
energy of each particle by itself almost vanishing 
and the combined energy thereby vanishing to the 
senses yet existing in reality to its full intensity. 
The concealment of the energy of the ether in its 
normal. state, the concealment of its pressure, its 
impalpability and low marys | would tend to make 
the other ar an agent of but little power and 
influence. e ether, therefore, constitutes a no- 
table example of one of those subjects on which, by 
a closer analysis, preconceived ideas become com- 
pletely reversed. It is of practical importance to 
realise the physical conditions which render this 
high intensity of concealed motion possible ; as ex- 
emplified in the case of the vibrating molecules of 
matter, in the case of the normal translatory motion 
of the molecules of gases, and in that of the ether 
yr me In order that practical deductions may 
drawn from these phenomena, it is above all 
things necessary that not merely their mechanical 
value should be expressed in figures, but the facts 
put forward in such a way that distinct mental 
conceptions can be formed of these facts as they 
actually exist, without which their teaching fails. 
Considering, therefore, that the molecular vibra- 
tions take place with the above energy, and also 
that the ether exerts a great pressure, it must 
follow that any disturbance or change of pressure 
produced in the ether by these vibrations will neces- 
sarily cause molecular movements of great energy. 
8. The Mechanical Process by which Vibrating 
Masses or Molecules impart a Surplus of Energy to 
the Surrounding Medium.—We previously arrived at 
the inference deduced directly from observed facts 
(such as the observed cooling of a heated mass 
in vacuo), that the vibrations of masses or molecules 
of matter are in all cases attended by the communi- 
cation of a certain excess or surplus of energy to the sur- 
rounding ether. The action in the case of the 
vibrating molecules of the sun affords a striking 
illustration of this fact on a grand scale, the surplus 


of en ae to the surrounding ether by each 
potirwen, fr the solar surface, and existing hn the 
heat waves emitted, amounting to 1727 foot-tons 

second (equivalent to the previous estimate of 
4000 horse power per square foot). 

9. We can now by theaid of the deduction arrived 
at regarding the physical constitution of the ether 
(viz., that of an aériform medium according to the 

of Joule and Clausius), investigate the 
mechanical process by which this surplus of energy is 
imparted to the ether by vibrating molecules. Tne 
fact that vibrating molecules impart a surplus of 
energy to the ether constitutes a fact of fundamental 
importance in the investigation of the physical cause 
of the molecular actions and movements generally. 

10, We will as a simple illustrative case of a vi- 
bra‘ mass, and having a general application, 
take case of a tuning-fork vibrating in air, and 
first we will consider briefly the mode of transmission 
ofthe waves. Then it is to be observed that before 
the fork is put in motion th: air molecules are 
already in motion, havinga velocity of about 1600 ft. 
per second, re i the prong on all sides, 
ready to take up the smallest movement of the 
prong, and transfer it to a distance through their 


normal interchange of motion. If we regard one 
forward movement of the (or one semi-vibra- 
fion), then the prong towards the re- 


air molecules gives them a small increment 
of velocity which they immediately transfer oo 
es 


Leper anseag hy pha ag de hasnt 

vance, m exchan veloci- 
ties, and thus a wave Ripa (a dihaetar 
of velocity is i automati through the 


air at the normal velocity of the ules them- 





selves. The molecules by simply continuing to ex- 
change motion after normal manner thereby 
transmit any disturbance whatever automatically to 
a distance. It may be observed, as we had pre- 
viously occasion to notice, that since the air mole- 
cules are also moving obliquely to the line of pro- 
pagation of the wave, the actual rate of forward 
transmission of the wave must be to a certain extent 
slower than the normal velocity of the molecules 
themselves. By the recession of the Prong (to con- 
clude one complete vibration) the molecules of air 
from which the prong recedes lose a certain small 
fraction of their normal velocity by transference to 
the prong, and thus a decrement of motion forming 
the tsecond half of the wave is transmitted au- 
tomatically by simple interchange of motion from 
molecule to molecule through the air in a precisely 
analogous manner. 

1L. It is now an important point to observe that 
when the vibrating prong advances against the air, 
the air is necessarily condensed, and conversely 
when the prong recedes from the air the air is 
rarefied. This is obviously analogous to the passage 
of a missile through the air, when the air is con- 
densed in front and rarefied in the rear of the missile ; 
for the molecules of air require aj certain time to 
follow up the missile, the rarefaction in the rear 
being greater the greater the velocity of the missile ; 
the same being true of the condensation in front. 
So with the prong of a vibrating tuning-fork, the 
greater the velocity of its movement of translation 
backwards and forwards, the greater is the condensa- 
tion and rarefaction of the air produced. When, 
however, the air is condensed in the act of receiving 
an increment of velocity as in .the case of the vi- 
brating prong, the number of molecules which 
receive the increment is thereby increased, and con- 
versely when the air is rarefied in the act of ex- 
periencing a decrement of velocity, the number of 
molecules which suffer the decrement is thereby 
diminished. Hence, although as regards each mole- 
cule the increment is equal to the decrement, yet 
since the xuméer of molecules receiving an increment 
of velocity is greater than the xumber experiencing 
an equal decrement, it follows that onithe whole a 
certain excess or surplus of motion is imparted to the 
surrounding air by the vibrating fork, this excess of 
motion being greater the greater the vibrating 
energy of the fork. This, therefore, constitutes one 
physical cause or process by which the vibrations of 
masses or molecules of matter are attended by the 
communication of an excess or surplus of energy to 
the surrounding medium. 

12. It may be shown that there exists a second 
separate and distinct cause contributing towards the 
same result, This will be clear from the following 
considerations : 

When masses of matter already in motion ex- 
perience equal increments and decrements of velo- 
city, so that the mean value for velocity remains un- 
changed ; yet the value for the total energy does not 
remain unchanged, since the energy is as the square 
of the velocity. Thus, if we take the case of two 
equal masses having equal velocities which we may 
represent by V, then we may represent the energy 
of each mass by V?, and the total energy, therefore, 
by 2. V%. If now wesuppose that under the action 

some disturbing cause the one mass receives a 
small increment of velocity v, its velocity therefore 
becoming V+», the other mass experiencing an 
equal decrement of velocity, its velocity becoming 
V —v. Then, although the mean value for velocity has 
remained unaltered, yet the value for the total energy 
has not remained unaltered, for the total energy 
is now (V+v)?+(V—0)§=2V2+4+2 0%, But the 
total energy before this change of velocity took place 
was represented by 2 V4 oa Hence we observe that 
by simply increasing and diminishing the velocities 
by equal amounts, where the increment is the equi- 
valent of the decrement, and the mean velocity re- 
mains unchanged, yet the total energy has received 
the notable increase represented by 2 »?. This is an 
important practical point from the direct bearing it 
has upon vibratory motion, for we observe that the 
increase and diminution of the normal velocities of 
the particles of the medium by equal amounts which 
it is the direct function of a cheaters motion to 
effect, is itself a direct cause whereby a surplus of 
energy is imparted to the medium. 

13. Taking, therefore, this cause into considera- 
tion in conjunction with the previous one, it follows, 
that there exist two separate influential physical causes 


by whose action the vibrations of masses or molecules of 


matter are necessarily at 
of an excess or surp 


by the communication 
of energy to the surrounding 





medium. We shall consider the practical applica- 
tions of this deduction to the molecular phenomena 
in the next article. 





INTERNALLY ov. EXTERNALLY FIRED 
BOILERS.-—No. IV. 

WE must now proceed to speak of the results of 
the experiments made with the Saarbriick coal. 
The ey me kind of coal chosen for the trials 
was first quality Von der Heydt, a coal which, ac- 
cording to the anal and calorimetric experiments 
of . Scheurer-Kestner and Charles Meunier- 
Dollfus has the following composition and heating 
power : 


Carbon ©... sei es 81.56 per cent. 
Hydrogen i al 498 ,, 
aes and nitrogen  - 13.46, 

‘otal heat of combustion ... 15,232 thermal units. 


In carrying out the experiments with the Saar. 
briick coal the Committee hesitated to employ the 
boiler under trial to supply steam to the small Woolf 
engine alone, that engine requiring a daily evapora- 
tion of about 18,000 lb. of water only. On the 
other hand, the large engine required a steam supply 
which appeared to approach too near to the a i- 
mate evaporative power of the boilers. Moreover, 
it had been shown by the previous trials of which we 
have already spoken, that when 4200 Ib. or 4600 lb. 
of coal were burnt under the boilers day, the 
variations in the consumption due to irregularities 
in the load on the engine were by no means un- 
important, while, when the consumption was but 
about 3100 lb. to 3500 lb. per day, these irregu- 
larities had much less effect upon the performance. 
Under these circumstances it was decided to put 
the steam pipes of the two engines in communica- 
tion by a small pipe fitted with a cock, the boiler 
under trial being connected to the steam pipe of the 
smaller engine, and the steam pressure in it being 
kept about 7} lb. per square inch higher than 
in the other boilers which at the time supplied 
the largerengine. With this arrangement the boiler 
under trial supplied all the steam required by the 
smaller engine, while any excess of steam gene- 
rated beyond the requirements of that engine could 
be passed through the connecting pipe into the 
steam pipe of the larger engine. By adjusting the 
cock on the connecting pipe the boiler under trial 
could thus be used for evaporating from 23,100 lb. 
to 25,300 lb. of water per day, while the arrange- 
ment avoided all chance of irregularities. 

The trials with the Van der Heydt coal lasted 
nine days, there being a three days’ run with each 
boiler, and as during the preceding experiments, 
each boiler was kept in steam for a full day pre- 
vious to its trial, so that the performances on the 
three days of the trial might be uniform and com- 
parative. This series of trials was carried out with 

t regularity, the conditions of the programme 
aid down being exactly fulfilled. The results will 
be found recorded in lines 7, 8, and 9 of Table 
No. IL. on 59 ante, but we also extract from this 
Table the chief of these results and annex them in 
Table No. VIL. for convenience of comparison. 

It will be seen from the results recorded in Table 
No. VII. that in these trials the quantity of coal 
burnt under the Lancashire was almost’the same as 
under the elephant boiler, while the air supplies, 
the temperatures of the escaping gases, and the 
evaporative efficiency of these two boilers were also 

ractically the same. The performance of the Fair- 

irn boiler was about 7 per cent. higher than that 

of the two others, a superiority which is not so 

| mee as that shown during the experiments with 
mchamp coal heavily fired. 

One of the members of the Committee being de- 
sirous of testing further the performance of the 
Lancashire boiler when worked with Ronchamp coal 
heavily fired, and with a larger air supply than 
during the first experiments, a supplementary trial, 
lasting three days, was made of that boiler. The mean 
results obtain ern, omy three days are recorded 
in line 10 of our Table No. II. on page 59 anfe, while 
in Table No. VILL. we give the evaporative perform- 
ances and the air supplied in each of the three days 
of this trial. 

It will be seen by Table No. VIIL. that the rate of 
evaporation per pound of fuel was highest on the 
second day when the air supply amounted to 14.6 Ib. 
per pound of coal, or almost exactly 12 cubic metres 
of air per kilogramme of coal, a proportion which 
MM. dibcene Restnee and Meunier had previously 
found in their experiments to be that most favour- 
able to a good combustion with this class of fuel. 
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The conclusion arrived at by the Committee in 
charge of the experiments we have described was to 
the effect that within the conditions of the trials, 
the difference in the evaporative efficiency of the 
Lancashire and elephant boilers was under general 
conditions not more than 2 per cent., while the ex- 
perience of all who have carried out boiler trials 
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elephant boiler, the latter, however, being rather 


more hardly worked than the former. We may 
remark that on two days during this first series of 
trials when the total quantities of water evaporated 
by the Lancashire a elephant boilers respectively 
were practically equal, the evaporations per pound of 
coal were practically equal also. In the trials with the 


TasLE No. VII.—Grvinc ABSTRACT oF RESULTS OBTAINED WITH SAARBRUCK COAL. 
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and 10.7 per cent. in the case of the Ronchamp coal 
with heavy firing, 3.03 and 7.89 per cent, with the 
same coal and easy firing, and 6.6 and 6.8 cent, 
with the Saarbriick coal. The Committee, ac 
conclude that these superior results are accounted 
pach the additional heating surface possessed by 

airbairn boiler, and are not to be attributed to 


Pore No. IX. yo ert J the —_ Efficiency of the 


























Ezperimental Boi 
Lancashire Elephant Fairbairn tnt 
Boiler. Boiler. Boiler. 22 § : =| 8 
#3 S = 
Coal consumed per day of eleven hours (gross)... 3,628 Ib 3,733 Ib 3,648 Ib ES ; | 4a £ = 
Net fuel consumed per day of eleven hours __... 3,261 ,, 3,392 ,, 3,263 ,, Fe. 5 se € 3 
Water evaporated per day of eleven hours 24,178 ., 25,121 ,, 25,852 ,, Gnaenipiee 3.5 a £5 
Equivalent evaporation from and at a temperature of 212 2 dog. - 28,247 ,, 29,373 ,, 30,187 ,, o8 $ | sn. ee 
Actual evaporation per pound of coal... ed . 6 Ba 6.73 ,, 7.09 4, 3 2 ay 3 ag 
>, net fuel a 7.41 ,, 7.40 ,, 7.92 ,, 25 a 4 m| eb 
Equivalent evaporation ‘from and at 212 . per pound of coal... ob 7.49 9 7.87 ,, CaF is 3 By 3 5] 38 
” ” ” ” net fuel 8.66 ,, 8.66 ,, 9.25 ,, gee Sm B 3° 
* ee “per square foot of heating a 
surface per hour ; , >. 9» -. ‘ a * Ib. Ib. 
Mean temperature o escaping gases eg. eg. eg. With Ronchamp Coal; Heav 
Weight of air supplied per pound of coal burnt 13.99 Ib. 13.84 1b. | 14.98]b. i oes "y 
Fairbairn ... os ste ave] 0,864 | 3.01 | 100 
- . Lancashire soe eee +| 0.619 4.745 5 
TasiE No. VIII.—Grvine Resutts or SUPPLEMENTARY TRIAL WITH THE LANCASHIRE BOILER HEAVILY Elephant 4.89 8. 
FIRED WITH RONCHAMP COAL. With Boncha mp Cc ee 
Lig aii Sota 
First Day. | Second Day. Third Day. Feirbairn one, eee out: veal ase 4 8 
Actual evaporation per pound of coal 7.31 Ib. 7.94 Ib 9.39 Ib Elephant eee +] 0.866 | 2.81 Y 
net fuel 8.50 ,, 9.29 ,, 8.60 ,, With mene: Obat! 
Equivalent evaporation from and at a temperature of 212 deg. Per pound 8.86 ,, Fairbairn rw + vel 0,826 | 2.81 | 100 
of coal 8.50 5, 9.25 5, Lancashire... ... 0c. cs cesf 0.588 | 8.59 
Equivalent ‘evaporation from and at ‘temperature of 212 deg. per pound am me 10.29 ,, Elephant ... ... US) 9658 | 3.76 esa 
of net fuel : . Ae ‘ 
Pounds of coal burnt per square foot of grate per hour... 2 > 18.24 | 18.9 ,, Average Results. 
water (actual) ovnpanred per sq.ft. of heating surface per hour| 4.89 ya 4.86 ,, 4.64 ,, Fairbairn ... =... oe evs] 0,800 | 2.816 | J 
Weight of air supplied per pound of coal consumed 15.8 146 ,, 163 ,, ae a a a nes 
Mean temperature of the escaping gases 603 deg. 589 deg. 594 senna bea ott tree eR ies. Obes 
Percentage of carbonic acid in _— gnses.. 9.795 11.66 10.63 
” ww se 7.752 731 8.48 the fact of its being internally fired. In the con- 














is to the effect that differences in the action of the 
stoker in distributing fuel on the grate, clearing the 
fire, &c., may produce differences in the results to 
the extent of from 5 to 10 per cent. The Committee 
thus state in their report that they consider that 
for the conditions under which the experiments we 
have recorded were carried out the Lancashire and 
elephant boilers have equal evaporative power. 

the performance of the Fairbairn boiler be re- 
presented by 100, then the relative evaporative 
efficiency of the other boilersin the various trials will 
be represented by the figures given in the annexed 
Table No. IX _, in which we have also given the rates 
of evaporation r square foot of heating surface 
per hour. It will be seen on an examination of the 
tabulated results that in the first trials with the 
Ronchamp coal there was, as regards the evapora- 
tion per pound of coal, a difference of 3.2 per cent. 
in favour of the Lancashire as compared with the 


same kind of coal, but easy firing, the difference in 
the performance rises to 4.86 per cent, in favour of 
the cashire boiler, and the Committee in their 
report attribute this difference to the brickwork 
prise, of the elephant boiler probably absorbing 
more heat than that of the Lancashire type. We 
may also point out that in these trials, as in the 
first series, the elephant boiler was more hardly 
worked that the other, the quantity of coal burnt 
per square foot of heating surface per hour bein 
about 7} per cent. greater. With the Saarbrii 
as the performances of the two boilers are practi- 
identical, while the difference of 3 per cent. 
© average results is Zbout accounted for by the 
difference i in the rates at which the boilers were 
worked. 
Table No. IX. also shows that in all the series of 
trials the performance of the Fairbairn boiler ex- 
ceeded that of the others, the differences being 7.5 








clusion, that the superior evaporative results of the 
Fairbairn boiler are to be attributed chiefly to its 
increased heating surface, we also agree, but we may 
ag out that the results are not entirely accounted 
r in this way. For instance, if we refer to the 
Table No, IL. given on page 59 of our last number 
but one, it will be seen that in the experiment with 
the Fairbairn boiler recorded in line 3, the con- 
por of coal and the amount of water eva- 
apes! om square foot of heating surface per hour 
poe greater than the corresponding quan- 
tities for the experiment with the elephant boiler 
recorded in line 5, yet the quantit; water eva- 
rated per pound of coal by the Fairbairn boiler 
in the former ex t was greater than that by 
moth 34 . iler in the oe mean tem- 
tures of the escaping gases ese two experi- 
sews were almost Rice deat being 422 deg. and 
425 deg. respectively, but the amounts of air sup- 
plied per pound of coal differed greatly, being 

















































tlrniaeneine Sasa: 









































































opposed to previous con 





86 


ENGINEERING, 





(Fan. 4, 1876, 





16.91 Ib. with the Fairbairn against 14.89 Ib. with 
the elephant boiler, and this militates against the 
value of a comparison which would otherwise be 
very interesting. The opinion of the Committee is 
that results equal to those afforded by the Fairbairn 
boiler could also be attained with an externally fired 
boiler having the same heating surface, and they say 
that “ for the grates on which we have experimented the 
** efficiency, we believe, is independent of the posi- 
* tion of the furnace, or whether the fire is exterior 
*¢ or interior.” 

The Committee further remark that in estimating 
the value of any class of boiler its cost as well as its 
evaporative iency should be taken into con- 
sideration, and assuming interest and charge for de- 
preciation at 10 per cent., and taking 300 as the 
number of working days year, they calculate a 
daily charge on each of the three experimental 
boilers as follows: the prices of the boilers, &c., 
being those given to the Committee by the makers, 
the Société Alsacienne de Constructions Mécaniques. 

















ya 2 

Cost of boiler ... -» (442.4 563.4 (656.8 

Cost of setting 120 112 120.0 

Total cost ... 675.4 |776.8 
Interest and depreciation at 

10 per cent. 67.54 | 77.68 


Interest and depreciation per 
day (300 working days per! s. 
annum) a ‘ | 3.75 





Next assuming that each boiler consumes per day 
1.8 tons of Ronchamp coal of the first quality cost- 
ing 30 francs per ton, the fuel will cost 54 francs or 
43.2 shillings per day, and adding to this the charges 
for interest and depreciation, the Committee arrive 
at the following evaporative performances which 
would be required to place the boilers on an 
equality : 

Proportionate 
Daily Cost for Fuel, Numbers repre- 


Class of boiler. Interest, and De- senting Evapo- 
preciation. rative Perfor- 
mances. 
8. 5. 8. 
Elephant ; 43.2 +3.75=46.95 97.05 
Lancashire ... 43.2 +4.5 47.7 98.61 
Fairbairn 48.2 +5.18=48.38 100.00 


If the fuel used per day is 1.8 tons of Saarbriick 
coal at 22 francs or 17.6 shillings per ton, the figures 
become : 

Elephant boiler 31.68+3.75=35.43 96.13 

Lancashire ,, 31.68+4.5 =36.18 98.18 

Fairbairn _,, 31.68 + 5.18=36.86 100.00 

From these figures;the Committee conclude that 
the evaporative performances of the Lancashire 
boiler ought to be diminished from 1} to 2 per cent., 
and those of the Fairbairn boiler from 3 to 4 per 
cent., before my A fairly comparable with those 
of the elephant boiler. The Committee add: ‘If, 
‘*‘ however, we give weight to other considerations 
“than those of good combustion and evaporative 
‘* efficiency of the boilers; if we take into account 
‘the large diameter of the Lancashire boiler, the 
‘* great thickness of plates necessitated by this dia- 
“ meter, the solidity of the ends for resisting high 
‘* pressures, the danger to the crown of the furnace 
** covered as it is by a small depth of water, the un- 
‘equal expansions which strain the joints and 
‘* render ruptures frequent, and the difficulties often 
‘* attendant = these ruptures, we arrive at the 
** conclusion that from these various points of view 
** the advantage is entirely on the side of the ele- 
‘* phant boiler.” With these remarks we cannot 
altogether agree, as the Lancashire boiler if properly 
made and set is by no means one difficult or costly 
to maintain, while the experience in this country is 
directly —— to the conclusion that seam rents 
are of less frequent occurrence with externally fired 
boilers. On these points, however, we need not 
gay more at present. 

The Committee further express their belief that 
elephant boilers are still susceptible of improvement, 
‘ok they remark that their experiments show that 
for boilers withvut fuel heaters and with “‘ bouilleurs” 
20 — 22 in. ~ diameter, a length of from o ow in. 
to 32 ft. 9 in., es portion, this being 

salons hiehh had led to a 
recommendation of lengths of from 16ft. ¢in. to 19 ft. 


8 in, 


The Committee also remark that their experi- 





Tasiz No. X.—SHow1Ne THE EFrect oF THE RaTEs OF COMBUSTION UPON THE EVAPORATIVE EFFICIENCIES 


























OF THE MENTAL BorLERs. 
Water EvaPoRATED. 
Coal Consumed Sl Equivalent Evaporation from and 
Boiler. Description of Coal. Square Foot of Heat- at a Tempera’ of 212 deg. 
ing Surface Actual per 
Honr. Pound of Coal. 
Per Pound of | Per Pound of Net 
“4 Coal. Combustible. 
Ib. Ib. Ib. Ib. 

Lancashire boiler} Ronchamp, 1st quality 0.619 7.83 8.94 10.27 
“3 — = 0.340 7.95 9.29 10.89 
m 3 Saarbriick ... as 0.538 6.66 7.79 8.66 
Elephant mn Ronchamp, Ist quality 0.663 7.37 8.60 10.02 
” 3? ”” 0.366 7.68 8.97 10.37 
“a i Saarbriick _... BA 0.558 6.73 7.87 8.66 
Fairbairn _,, Ronchamp, 1st quality 0.364 8.26 9.64 11.18 
o ie ‘ip 0.210 7.73 9.05 10.44 
” ” Saarbriick 0.326 7.09 8.27 9.25 








ments entirely confirm those of MM. Burnat: 
Marozeau, Scheurer-Kestner, and Meunier in the 
conclusion that the best evaporative results are 
obtained in an ordinary boiler by the combustion of 
2 kilogrammes of coal per square metre of heating 
surface—equal to 0.409 lb. per square foot—per 
hour. They add that these results corroborate also 
the opinion expressed by M. Hirn in 1856 that the 
larger—within certain limits—a boiler is in propor- 
tion to the work it is called upon to do, the higher 
will be the eva tive efficiency obtained. For 
each boiler a series of trials will alone afford in- 
formation as to the maximum evaporative efficiency 
attainable with any given kind of coal, and as bear- 
ing upon this point the Committee refer to the valu- 
able series of results contributed to the Association 
Alsacienne des Proprietaires d’Appareils & Vapeur 
in 1872-3 by M. Meunier-Dollfus. These data refer 
to thirty trials with different kinds of boilers, some 
fitted with feed heaters and some without, and fired 
with different classes of coal. Classing these results 
in the order of the rates of combustion per square 
foot of heating surface, the Committee arrive at 
the following figures : 














a nn ] 3 
“E38n| &8 
sm2s es 
Siete | am 
CLASS OF COAL. $ 4:5 e-. 
& g a ag 
goo | aS 
Ronchamp of all qualities ee 0.881 6.284 
” 99 99 | 0.368 7.396 
” 99 %° 0.178 10.282 
Saarbriick, Ist and 2nd qualities 0.787 6.181 
” »» ” 0.431 7.431 
” ”” ” 0.166 8.636 
” 3rd quality ... 0.701 5.661 
- - ” 0.307 6.546 
oe 0.198 6.660 





Moreover, in the trials of 1859, to which we re- 
ferred at the commencement of this series of articles, 
the various boilers gave the following results : 











| Consumption of 
|Coal in Pounds per| Water Evapo- 
Borer. | Square Foot of jratedper Pound 
| Heating Surface of Coal. 
per Hour. 
dcnesalihp ci iain east 
Molinos and Prunier’s} 0.403 8.07 
Zambeauz’s ... y 0.304 8.31 
Prouvost’s ... ‘ 0.186 8.14 
Elephant boiler 0.779 6.38 








In this case, as the Committee suggest, the low 
result obtained with the elephant boiler is probably 
to be explained by the high rate of coal consump- 
tion per square foot of heating surface per hour. 
Some later experiments made by M. Burnat in 1861 
on elephant boilers with and without feed heaters 
corroborate this, the results being as follows : 


Consumption of Coal 


in Po = Square Water Evaporated 
Foot of Heating per Pound of Coal. 
Surface om Hour. 
0. 9.053 
0.685 8.130 
1.278 7.830 


Regarded from this point of view the experi- 
ments forming the subject of the present series 


of articles give the results collated in Table No. X., 
the figures being there arranged in such a manner 
that they can be readily compared. On the other 
hand if we disregard the types of boilers in which 
the results were obtained, and arrange these results 
for each kind of coal, simply in the order of the. 
rates of combustion per square foot of heating sur- 
face per hour, we get the following statement, in 
which we have adopted the equivalent evaporations 
from and at a temperature of 212 deg. per pound of 
net combustible as the means of comparison : 
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Ronchamp, Ist quality 0.663 10.02 E 
“ - 0.619 10.27 L 
a. 90 0.364 11.18 F 
on oe 0.366 10.37 E 
Pr 9 0.340 10.89 L 
om 0.210 10.44 F 
Saarbriick 0.558 8.66 E 
‘7 0.538 8.66 | L 
ae 0.326 9.25 F 














As the Committee justly remark, it would be un- 
wise to attach too absolute a value to the order of 
the above results, as there are numerous causes 
which might lead to small differences, but the rela- 
tion shown between the evaporative efficiency and 
the rate of combustion of the fuel per square .foot 
of heating surface is very interesting and suggestive. 
The Committee add that in some later trials made by 
the Société Alsacienne de Constructions Mécaniques, 
on an ordinary elephant boiler, the evaporative 
efficiency of that boiler was increased 15 per cent. 
simply by adding another barrel, and thus increasing 
the heating surface, nothing else being changed. 
Moreover, they add that with this altered boiler the 
evaporative efficiency was the same as that of the 
Fairbairn boiler when burning the same quantity of 
fuel per square foot of heating surface. tt is to be 
regretted that the Committee do not give any details 
respecting this altered boiler and its trials ; but we 
trust that they rae | be published on a future 
occasion, as they would possess great interest. 

We have now completed our account of the series 
of boiler trials carried on at the works of the Société 
Alsacienne de Constructions Mécaniques, and we 
think we need scarcely say the Société Industrielle 
de Mulhouse are much to be co d upon 
the thoroughness with which these experiments have 
been conducted. Taken altogether they form pro- 
bably one of the most complete and valuable sets of 
boiler trials ever carried out, and we can only hope 
that their publication may lead to a companion 
series being organised in this country. Notwith- 
standing the numerous isolated trials which have 
been made there is still a great want of precise in- 
formation as to what the chief types of boilers in 
use in our manufacturing districts will or will not 
do under different conditions, and we are certain 
that if a series of trustworthy experiments on this 
subject were carried out, their cost would be very 
promptly repaid by turning to account the lessons 





they would teach, 
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CRANSTON’S ROCK DRILL. 

On page 85 we illustrate a rock drill designed by Mr, 
J. G. Cranston, of. 22, Grey-street, Newcastle-upon-Tyne, 
and which has been extensively employed with good 
results. Fig. 1 is a longitudinal section through the drill, 
Fig: 2 is a transverse section on the line A B, Pig. 1, 
Fig. 3 is a transverse section in C D, and Fig. 4 is a longi- 
tudinal section showing the position of lever and clutch; 
and Fig. 5 is an elevation of clutch and tube teeth ratchets. 
In Fig. 1, a is the steam or air cylinder; 5 is the piston 
which is attached to the rodc. The forward end of the 
piston rod carries the drill or slotting tool which is moved 
to and fro by the compressed air or steam; the valve 
spindle is shown at d, and ¢ is a lever formed with projections 
fandf'. The valve g is moved to and fro by the cross- 
head 4 coming in contact alternately with the projections 
fand /". 
freely rotates, is carried between the ratchet ¢ and collar ;. 
In the section the slide valve is shown open to steam 
through the right-hand port. The slide valve will remain 
in this position until the crosshead 4 moves and strikes 
the projection /', when the valve g will be moved so as to 
admit steam through the left-hand port. "When the cross- 
head again returns it strikes the projection f, and again 
admits steam through the right-hand port, andso on. The 
crosshéad 4 is held in position by the projections m, m, 
moving in the slots k, k, Fig. 3, cut horizontally or spirally 
in the inner part of the casing /, J, Figs. 1 and3. In order 
to obtain a partial revolution of the drill after each blow 
the piston rod c, Figs. 1 and 3, is left free to rotate through 
the crosshead /. 

The rotary motion may be either self-acting or be 
produced by moving the handle s of the feed screw p. 

The self-acting motion as shown in the illustration is 
produced in the following manner :—In the tube ¢, Figs. 1, 
8, and 5, a spiral groove u is cut which receives the feather 
v, Fig. 8, fixed to the inner part of the top end of the 
piston rod c. The piston rod is hollowed out to receive the 
tube #4, which is held in working position by the collar w 
resting between a plate and the face of the cover X, the 
plate being fixed to the cover by the bolts w', w4, w*, Figs. 
land 2, At the sideand at the top of the collar w ratchet 
teeth are cut. This collar forms part of the tube ¢ and 
rotates with it; the cover X also carries a pawl y, Figs. 1 
and 2, having a lever z, Fig. 1, and a clutch a', connected 
with the lever 52, Fig. 4. 

As shown in Fig. 1 the piston rod will move in a parallel 
line with the crosshead / along the slots k, k, Fig. 3, to- 
wards the rock, and is prevented from turning by the pawl 
ce carried on the crosshead/A. This pawl being pressed by 
a spring d@?, gears into the ratchet teeth c, which are cut at 
the side of the rear end of the piston rod. When the 
piston moves towards the rock the pawl y, Figs. 1 and 2, 
will pass over one tooth of the ratchet on the collar w as 
the feather v moves through the spiral groove u of the tube 
t, Fig. 5. On the backward or return stroke of the piston 
rod the tube ¢ is prevented turning by the pawl y locking 
into the ratchet teeth which are cut at the side of the 
collar w, Fig. 2. The piston rod is then compelled to rotate 
by the feather v, Fig. 8, following the spiral groove u in 
the tube ¢, Fig. 5. In this movement of the piston rod the 
pawl c?, Fig. 3, will then pass over a tooth of the ratchet i, 
Fig. 1. In the feed screw p a parallel groove e2 is formed 
as shown in Figs. 1, 2, 3,4. The feed screw passes through 
the clutch a!, Figs. 1, 4, and 5, into thetube ¢. The clutch 
a' is provided with a feather f 2, Fig. 5, and is revolved 
with the screw p in either direction. 

In rotating the drill by hand the clutch a! is thrown into 
gear by the lever 53, Fig. 4. The drill can then be rotated 
in one direction by turning the handle of the feed screw, or 
it may be rotated in either direction if the teeth on the 
clutch a', Fig. 5, are cut square, and those on the tube ¢ 
are made to fit those on the clutch. In this latter case the 
pawls y and c’ are of course to be thrown out of gear. If 
the drill is required to rotate freely in either direction by 
hand the pawl c?, Fig. 3, is thrown out of gear by a lever 
9’, Fig. 3, and rod A, Figs. 1 and 3, and the pawi y, Figs. 1 
and 2, is thrown out of gear by the lever «. 

As now constructed by Mr. Cranston, the automatic feed 
and rotating motion are omitted except in special cases, as 
the machine is of course less complicated, and therefore less 
liable to derangement without it, and at the same time it 
can be manufactured more cheaply. It is argued, and with 
reason, that the man attending to the work might as well 
perce in rotating and feeding as in watching the 

ill, 

The machine is now employed in a large number of 
places, and amongst others at the works of the River Tyne 
Commissioners, Sir W. Armstrong’s, and the Marquis of 
Londonderry’s Harbour Works. 


direct line of the astore, Telagcaph Coazeny CLiaiied) ie 
e e rn ‘om: is 
to be repaired early in the pee ae bervapllen re- 
cently on the same com ’s Indian cable be- 
tween Suez and Aden; this interruption is now in course 
of repair by the company’s maintenance ship the Chiltern 
(s.s.). i hg ragen appears to have expended 11,2261. in 
the repair of its cables during the -year ending Sep- 
tember 30th, 1875. The expenses of its maintenance ships 

the half-year ending September 30th were 22761. A 
further sum of 64521. was experided in the maintenance 
and renewal of land lines, &c. The gross reyenue for the 











This crosshead through which the piston rod | © 


THE HISTORY OF THE STEAM BOILER. 
" ; To THE moron oF siintion aol edi : 
TR, ~I am engaged com; ion an 

History of the Steam Boiler and its Appendages, and 
desirous not only of collecting and exhibiting every link in the 
chain of progress (however inconsiderable it may have been 
rendered by subsequent improvement), but of giving full 
credit to the {inventor and/designer, whosoever he may be, I 
have referred not only to every publication thatmay bear upon 
the matters in consideration that itis practicablejfor me to 
obtain, but have addressed circular letters to such en- 
gineers of Great Britain and America as are known to me 
by address, ing them to aid me by their advice of any 
elem of interest in this connexion in their knowledge or 
possession, and I nowsolicit your aid in this matter, by 
publishing this communication in order that my position 
may be more fully made known and understood in your 


of a 


untry. 
In further connexion with this it occurs to me as not 
irrelevant to advise, that my personal and practical obser- 
vation of the design and ‘operation of a steam boiler dates 
from 1823. 

There are several designs and introductions seaeing ‘is 
your coun ing which I cannot assign either date 
or name of the designer or introducer. 

Thus: Accompanying Mr. J. Dinneri’s pa in Tred- 
gold’s “‘ Principles and Practice of the Steam Engine” 2nd 
edition, vol. iii., there are a number of designs of boilers, 
each one of which presents a distinctive feature, and yet 
neither the name of the designer nor the date are given, hence 
I am wholly at a loss to whom to give credit for them and 
at what period. 

In addition to which I am at a further loss to fix the 
paternity of : 

1. The telescopic smoke pipe. 

2. Location of boilers athwartships, i.e., furnace to 
furnace. 

8. Two or more boilers having but one smoke pipe in 
common. 

4. Introduction of screw stay bolts. 

5. Double grate bar, both as to the pair, side by side, 
and in two or more lengths. 

6. Setting smoke pipe at an angle as with the rake of 
the masts. 

7. Superheating steam in the chimney or smoke pipe. 

. 8. Steam jet in smoke pipe. 

9. Surface blow-off. 

10. “‘Hog nose’’ boiler, i.¢., a._hboiler like those of 
Messrs. Whitworth and Co., plate 51, vol. iii. of Weale’s, 
Tredgold. 

11. Crown of furnace inclined towards furnace door. 

12. Setting grate bars at a depressed inclination to the 
bridge wall. : 

13. First names of Blenkinsopp and Blackett. 

Finally, any information.that will fix the date and name 
of the Sedoner or introducer of any step in the great 
course of advancement. 

I am respectfully yours, &c., 
Cas. H. Haswez.1, 
Surveyor of Steamers for Underwriters, &c. 
New York, January 17, 1876. 





PIECEWORK. 
To THE EpITOR OF ENGINEERING. 

Srr,—A few years since, during twelve months’ leave of 
absence, I apprenticed myself in one of our best locomotive 
shops noted for its high class of work. Ha ing no con- 
nexions either with masters or men, except friendships that 
were formed equally on either side, I may truthfully de- 
scribe myself as an oy observer, and your readers 
may perhaps consider the following remarks on the above 
subject worthy of consideration. 
In the first place I can testify that piecework is no way 
conducive to slopwork, on the contrary, the men bei 
under.contract to do certain work up to a given stan 
or pattern, the employer is naturally most careful to see 
that it is well performed ; for he gains nothing by passing 
inferior work, and runs a risk of losing his customers an: 
his reputation. If, on the other hand, the work be done by 
men on day wages, the employer gains on the job by the 
work being performed in a hasty and slipshod manner ; but, 
as in the former case, he runs a risk of losing a good name, 
and this prevents him from sanctioning slopwork, unless, 
indeed, the description of article required by the customer 
is intended to be cheap and second rate. This is so evident 
that it is astonishing to find the argument advanced that 
piecework means bad work. A foreman would not be 
worth his salt if he ignorantly or purposely passed inferior 
work done by the piece ; and I know for a fact that some 
of the best work turned out in the kingdom, nay, in the 
world, and in which mathematical wapeweny be essential 
viz., lighthouse fitting and erecting, is now done by piece- 
work. . 
I have little e ience in second-class work where the 
standard is low, the price low, and where quantity is sought 
after both by manufacturers and purchasers, rather ¢ 
uality, but I wish most distinctly to protest t the 
idea that piecework tends to lower the quality. It has an 
opposite effect. , 5 

En the case of a man at a lathe or aslotting machine, the 

depends but little 


quantity of work he turns out per hour d 

upon his own exertions ; but even in these instances, I 
noticed in 1867-8 that the men erred to work by the 
piece. And here it should be noted that im in ma- 


chinery uently benefit the men on piecework as much 
as the Doe ag that men on daywork do not profit 


thereby. 
, of the workmen is not the basis of the em- 
3 tions. The price which the consumer gives 





half-year was 185,252. 





rofits i shi 
Gree rar hate seat 


for a decrease’of time 
crease of wage, 
and England 
naehed sauncionns ne ftyhey obtaining fro 
race for man’ ry 
labour a fair cquivaloni toe tes tame here 
English workmen will insist upon 


average German, 
labour, and also insist 


to bri 
a Ages lays ambition in the dust. 
With regard to contract estimates, I would observe that 
the employer can estimate the cost of an articledone by day- 
work fully as accurately as when it is done by the 3 
and I say this in face of the statement to the con . 
which has more than once been recently made by the 
masters in letters to the press. A master prefers pi 
work, although it brings larger wages to the men, sim 
and solely because it is the most economical. And this for 
the following reasons : Firstly, it finds out the incapable and 
the idle workmen: » it shortens the time for com- 
pleting a contract, thus enabling the same t and ma- 
chinery to do more per unit of time. Thirdly, in the case 
of pressing contracts, it reconciles the men to working lon 
hours or extra time, or night shifts. And why are suc 
practices tabooed by the men’s delegates? Are not all 
workmen, whether artisans or not, often obli to work 
extra time or extra hard for their living? Is it not fairly 
accurate to soy that every great nation is divided into two 
classes, one of which works by the piece, the other by the 
day? Are not people with fixed incomes, asa rule, more 
lazy than those whose income depends upon their exertions ? 
Do not lawyers and doctors work harder than soldiers and 
Eeppir? and do they not live as long, as well, and as 


~v | should that class which is truly termed the 
backbone of England desert its colours and enrol itself 
under the banner of idleness ? 

As long as the human race exists, so long will competition 
between man and man continue, in spite even of the Amal- 


ted of eers. 
adie TO ee, Os Four obedient servant, 
A Roya ENnGiIneenr. 





INSUFFICIENT BRAKE POWER. 
To THE Eprror or ENGINEERING. 
Srr,—Sooner or later the all-important question of the 
resent ‘‘ insufficiency of brake power’’ will force i on 
he consideration of those whose duty it is, or ought to be, 
to provide the best mechanical appliances for pearentig or 
lessening the fearful casualties which are of almost daily 


occurrence on our railways. BA 
The late official of wheel brakes, made some seven 
months ago, resulted in ing the ‘“ Pa oa nny air 
brake” at the head of the list of continuous » and I 
have li bt in ae had the Leeds express 
train, on the occasion of the late Abbot’s Ripton a t, 
been fitted with such a brake acting on al/ the wheels of 
the train, as well.as on the engine wheels, the driver could 
have reduced the speed to such an extent that in all pro- 
bability little more than a severe concussion would have 
been the result, some rolling stock damaged, but human life 
preserved. 
To have such results at all times when an accident might 
occur, it would be necessary, at all times, to have all the 
rolling stock fitted with continuous brakes acting on all 
the wheels, As -it is highly improbable that the saree 
companies will undertake the expensive task of altering . 
their rolling stock at once, and possibly extend contemplated 
improvements over many years, w: it not be of service 
to thew, and the public at large, to know that there are 
other and more attainable means by which trains travelling 
ata high speed may be brought to a stand within a far 
shorter distance than by any wheel brake in general use? 
experience has long decided theamount of retarding 
force to be obtained from ing on the wheels of a car- 
riage, for this foree is entirely t on the weight 
which can be brought on the w , which at once deter- 
mines the adhesion or friction between the tyre of the wheel 
ME aren en os wat tl 
us it a) we have ly prac’ ly 
exhai ah’ the. force to be derived from the 
ays of the rails through the medium = the oy ~ a 
In the course of pi my system for gradi 
I found that the best types of weed brakes were totally in- 
quate to furnish the retarding power I required for con- 
tro’ the momentum of o train on steep inclines, I there- 
fore constructed a new kind of brake, which by grasping 
the top sides of the rails, and also pressing on the top o 
the rails, has given me a most powerful and reliable brake. 


Any engine or wagon fitted with this brake alone has its 
selestinn wer tre 
Teles a 





athe effective braking p 
wheel retained, the ive power 
be nearly quadrupled. 

I trast that this assertion may be the means 
many of your readers to inquire into the truth of the state- 
ment I have made; if incorrect the loss will be mine, but if 
otherwise, I hope it may be the means of supplying 


travelling, namely, suffici Youre fifa 





Por the manufactured article must ever rule the cost of 
production, 


and consequently the maximum wage for the 





the greatest wants of the t age of quick railway 
1876 


Atlas Engine Works, near Bristol, Jan. 29, le 
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KEYWAY CUTTING MACHINE. 

We annex engravings, reproduced from our contempo- 
rary, the Revue . Industrielle, of a neatly arranged tool for 
cutting keyways. The shaft or other object in which the 
slot is to be cut is clamped between the fixed and movable 
jaws, the latter being adjusted by the nuts on the ends 
of the vertical rods on which it is bung. The drill is 
brought down to the work by means of the horizontal 
handwheel, the periphery of which is indented as shown, 
Motion is given to the drill by means of the bevel gearing 
one wheel of which is keyed on the shaft carrying the 
driving pulley ; the traverse motion is imparted by a worm 
on the shaft gearing into a worm wheel upon the same 
spindle as the slotted disc shown in the drawing. A con- 
necting rod, turning upon a fixed point in the frame, 
is aitached to this disc, the crank pin being adjusted in 
the slotted disc so as to give the required travel to the 
slotting drill. As the worm on the pulley shaft revolves 
it imparts motion to the disc threugh the worm wheel, and 
moves the carriage with the whole moving parts of the 
apparatus, the belt adjusting itself to the lateral movement. 
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The downward feed of the drill is effected by means of the 
lever and catch gearing into the indentations around the 
handwheel already mentioned. At the end of each traverse, 
the drill is lowered sufficiently to take a fresh cut. 














THORNYCROFT’S SCREW PROPELLER. - 

In May last (vide page 375 of our nineteenth volume) we 
gave an account of the torpedo ship Vesuvius and of the 
results of some of her trials on the measured mile. Within 
the last few months this vessel has been fitted with Mr. 
John I. Thornycroft’s screw propeller, and further trials 
of the vessel have been made with the results of which we 
shall speak presently. The propeller designed and patented 
by Mr. J. I. Thornycroft is shown by the subjoined en- 
gravings, from which it will be seen that the blades extend 
backward, at the same time curving outwards, the object 
being to prevent the dispersion of the water, and cause it 
to be thrown aft in a solid column. This screw has been 
applied with great success to the high-speed steam launches 
of which Messrs. John I. Thornycroft and Co. are well- 
known makers, and its application to a larger vessel is 
therefore a matter of some interest. In the case of a tor- 
pedo boat 58 ft. long, the substitution of one of Mr. 
Thornycroft’s screws for an Admiralty screw with the 
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KEYWAY CUTTING MACHINE. 









































TRIALS OF H.M.S, Vesuvius wiTH THORNYCROFT’S AND GRIFFITHS’ PROPELLERS. 
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corners cut off, was found to increase the speed from 16} 
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to 17} miles per hour, while in Mr. Perkins’ small steam | proportion of boiler power used Full 
yacht, the Emily, the application of one of these screws in Pat tel ” Ps me! wel 
place of Griffith’s, raised the speed about one knot in seven. aan tried os : : : ve Jatabes Tee P — as erm “aad 
Similar results have also been obtained in other instances, Senachin of wale Forward... ‘ 7ft. Zin. 7 ft. Oine 7 ft Oin 
the speed being increased and the vibration greatly re.| UT®s™* of water {it a 8ft. Gin. 8ft. Sin 8ft. Sin. 
duced. Midship section sq. ft. 143 137 137 

In the Table which we annex, the first column of figures | Displacement... vee tons 251 240 240 
gives the results obtained during the measured mile trial of | Load on safety valve ... Ib. 100 100 100 
the Vesuvius on January 20, 1875, this column having Pressure in boilers... Ib. 68.33 68.5 63.5 65. 62.75 
been introduced for the sake of comparison with the later | Vacuum ea } . ie 4 20.41 23.75 | 23.37 | 22.26 | 22.12 
results. It will be seen from the Table that on the date Weather barometer inches of 29.82 30 
just mentioned the Vesuvius was drawing more water than | Mean pressure in cylinders “a : ge: 23.2 22.075 ‘“ 563 | 22 an ar 275 
during the more recent trials, and that, although there was | Revolutions of engines “a oe ~ 141.68 151.05 | 145.3 | 151.82 | 146.2 
a higher mean pressure in the cylinders than during any | Indicated horse power ee ‘ 277.2 389. 291. 
of these later trials, the engines made fewer revolutions and | Speed of vessel set knots 9.423 9.833! 8.059] 9.7131 8.124 
the speed of the vessel was less. The slip was also much | Force of wind . 5 2 ee 
less than during the later trials with the same screw. Stateofsea .. —... Moderate Smooth Smooth 

In the case of the trials on December 7th and 15th, 1875, | _Speed® x mid section 316.0 339.1 258.7 
with the Thornycroft and Griffiths propellers, the condi-| Indicated horse power ‘ ‘ ; = _ 
tions were remarkably uniform. The trim of the vessel | Speed® x displacement} 87.9 
was the same during both trials, there was uniformly good | Indicated horse power , =e mes | 90 ciel 
weather, and the engines were driven at almost exactly the iption Griffiths’ Thornycroft’s Griffiths’ 
same speed. The Thornycroft screw, however, had a Twin, 8 blades Twin, 3 b Twin, 3 blades 
slightly less pitch than the Griffiths, namely, 7 ft. 8} in., 6ft. 6} in. 6ft. 7 in. 6 ft. 6Fin. 
instead of 8 ft. Old in. ; and the resistance being lower, the Sft. Ott in 7 ft. 84 in. 8 ft. Of in. 
mean cylinder pressure was slightly lessened and the horse 50 13.38 | 27.38 19.49 | 30.07 
power thus a little reduced also. In the case of the trials 
running ahead, the difference is, however, only about 1} per | Table that, although the Griffiths screw gave 0.065 knot{ Tas Grear Brrrain.—This auxiliary steamship arrived 


cent, higher speed astern, yet that the power exerted to do this 
Taking first the trials going ahead, it will be seen that | was 13.8 horse power greater, and the Thornycroft screw 
the Thornycroft screw, notwithstanding its smaller pitch | thus gave the higher coefficients according to the Admiralty 
and its being run at a very slightly lower speed, gave the | formule. 
highest to the vessel, the gain being 0.12 knot with| Itis to be borne in mind that the Vesuvius is a vessel of 
five less indicated horse power. The slip, as will be seen | very bluff build, and it is therefore most probable that her 
from the last line of the Table, was 6.11 per cent. less than | resistance increases in a considerably higher ratio than the 
with the Griffiths screw. square of the speed, the power required to propel her in- 
The trials going astern were a novelty, and they are, as | creasing in a higher ratio than the cube of the speed ; and 
far as we are aware, the first measured mile trialsJof this | this being so, the gain effected by the employment of the 
kind. From its shape, the Thornycroft screw does not | Thornycroft screw, in her case, is in all probability higher 
appear adapted for going astern, but it nevertheless, in this| than would be estimated by a mere comparison of the 








instance, did very well. Thus it will be seen from the ' Admiralty coefficients. 


¢ Bristol, and in July, 1845, 


to New York in 
4 
































go 


ENGINEERING. 





[Fes. 4, 1876. 








respect since the Board of Trade made it a principal part of 
their surveyors’ inspections. It is an agreeable duty to us 
to speak in praise of public officers. The lanthorns we 
illustrate on pages 90 and 92 are designed by one of the 
Board of Trade surveyors, Mr. F. W. Wymer, the surveyor 
at Greenock, and considerable care and intelligence have 
evidently been exercised in the t and propor- 
tioning of their details. The designing of these lanthorns, 
adding trifle to trifle to make up an important whole, has 
been a labour of love to Mr. Wymer ; he, being impressed with 
a sense of the importance of the faithful inspection of ships’ 
lights, and wishing rather to be able to paes all lights than 
to be compelled to condemn any, has unofficially given his 
assistance freely to all lanthorn makers, who applied to him 
to enable them to make lamps that would pass any in- 


spector. 

The great increase in the number of vessels navigating 
the ocean at night, and the risk of collision incidental to 
to all navigation in the dark hours of the night, caused the 
subject to be taken up by the Legislature of Great Britain, 
and in the year 1863, the “‘ Merchant Shipping Act Amend- 
ment Act” was passed, making it compulsory that all vessels 
should carry certain lights at night for preventing collisions 
between vessels. The following extracts comprise the re- 
gulations upon this subject issued in January, 1863. 


Art. 3, Seagoing steam ships when under weigh shall : 

(a.) At the Foremast Head, a bright white light, so fixed as to 
show a uniform and unbro t over an arc of the horizon of 
20 points of the compass; so fixed as to throw the light 10 points 
on each side of the ship, viz., from right ahead to 2? points abaft the 
beam on either side; and of such a character as to be visible on a 
dark night with a clear atmosphere, at a distance of at least five 
miles: 

(0.) On the Starboard Side, a green light so constructed aa to 
show an uniform and unbroken light over an arc of the horizon of 
10 points of the compass; so fixed as to throw tfrom right 
ahead to 2 points abaft the beam on the star’ side; and of 
such a character as to be visible on a dark night, with a clear at- 
mm vhere, ata distance of at least two miles: 

(ey On the Port Side, a red light, so constructed as to show an 
uniform and unbroken light over anare of the horizon of 10 points 
of the compass; so fixed as to throw the light from right ahead to 
2 points abaft the beam on the port side, and of such @ character 
as to be visible on a dark night, with a olear atmosphere, at a dis- 
tance of at least two miles. 

(@.) The said green and red side lights shall be fitted with in- 
board eee mage 4 at least 3 ft. forward from the light, so 
as to prevent these lights from being seen across the bow. 

Art. 4. Steam ships, when towing other ships, shall carry two 
bright white mast-head lights vertically, in addition to their side 
lights, so as to distinguish them from other steamships. Each of 
these mast-head lights shall of the same construction and cha- 
racter as the mast-head lights which other steamships are required 
to carry. 

Art 5. Sailing ships under weigh, or being towed, shall carry the 
same lights as steamships ander weigh, with the exception of the 
white mast-head lights, which they ll never carry. 

Art. 6. Whenever, as in the case of small vessels during bad 
weather, the green and red lights cannot be fixed, these lights shal! 
be kept on deck, on their repective sides of the vessel, ready for 
instant exbibition; and shall, on the approach of or to other 
vessels, be exhibited on their respective s in sufficient time to 
prevent collision, in such manner as to make them most visible, 
and so that the green light shall not be seen on the port side, nor 
the red light on the starboard side. 

To make the use of these portable lights more certain and easy, 
the lanterns conta'ning them shall each be painted outside with 
the colour of the light they respectively contain, and shall be pro- 
vided with suitable screens. 

Art. 7, Ships, whether steamships or sailing ships, when at 
Snchor ia r adsteads or 1 ys shall exhibit, where it can best 
be seen, but at a height not exceeding 20 ft. above the hull, a 
white light, in s globular lantern of 8 in. in diameter, and so 
constracted as to show « cleer uniform and unbroken light 
= all round the horizon, and at @ distance of at least one 
mile. 

Art. 8. Sailing pilot vessels shall not carry the lights required 
for otber sailing vessels, buat shall carry a white light at the 
mast-head, visible all round the horizon--and shall also exhibit 
a flare-up light every fifteen minutes. 

Art 9, Open fishing boats and other open boats shall not be 
required t» carry the side lights required for other vessels; but 
shail, if they do not carry such lights, carry a lantern having a 
green slide on the one side and a red slide on the other side; 
and on the approach of or to other vessels, such lantern 
shall be exhibi in sufficient time to prevent collision, so that 
the green light shall not be seen on the port side, nor the red 

light on the starboard side. 

There being no size given in the regulations, with the 
exception of the 8-in, globular lanthorn for ships at anchor, 
lauthorns of all descriptions had got into use, from those of 
fair description, showing the distance required, to others 
which could not be made out at two or three hundred yards 
distance ; this state of the light question called forth the fol- 
lowing circular from the Board of Trade: 

OOLLISIONS. 
CoLtourso Sipe LiexTs. 

The Board of Trade hereby give notice that the regulations do 
not admit of less powerful, or less effective lights being carri+d 
by small ships than by a ships, 

Owners and masters will save expense, delay, and trouble, if 
they see that the following conditi-ns are complied with ia all 
coloured side lights they parch -se, viz. : 

1 That the coloured leas of every lanthorn to be used for & side 
light is not less than the third of a circle, 

P - That the chord of the arc made by the lens is not less than 

n. 

3, That the lens is not less than 5 in. in height. 8 

4. That the back and side of the lanthoro are not less than 
9 in., and that the height of the lanthorn inside is not less than 
U in., exc usive of the chimney; and 

5. That the lanthorn is sufictent in all other respects, and is pro- 
perly constructed, filted, and arranged. 

Th: ough neglecting to attend to these conditions, the vessel 
may, at any moment. be stopped in a strange port at great ex- 
pense and inconvenience. o 

BAY. 


Board of Trade, Marins Department, June i, 187. 
It will therefore be seen that great stress was laid by the 
Board of Trade (in paragraph 5) that the construction of 
the laathorn should be correctly carried out, and thereby 
fulfil the conditions of the foregoing regulations, issued in 
pursuance of the Order in Council, dated January 9, 1863. 








With this object in vidw, and taking the Board of Trade 
circular as a basis, Mr. Wymer designed the lanthorns 
shown in Figs. 1, 2, 6 and 6, page 92, and3, 4, 7,9 and 10, 
page 89, of which the following is a description : 

Fig. 1 is a vertical section showing the internal arrange- 
ment of parts suitable for a masthead, side, or anchor 
lanthorn. 

Fig. 2 is a section through A B, Fig. 1, of a masthead 
lanthorn. 

Fig. 8 is a section through A B, Fig. 1, of a red (or port 
side lanthorn. 

Fig. 4 is a section through AB, Fig. 1, of a green (or 
starboard side) lanthorn. 

Fig. 5 is an alternative design for lanthorns in which the 
lenses are placed on the inside of lanthorns instead of in face 
of lanthorns. The arrangement of parts are shown as suit- 
able for a masthead, side, or anchor lanthorn. 

Fig. 6 is a section through AB, Fig. 5, of a masthead 
lanthorn. 

Fig. 7 is a section through A B, Fig. 5, of a red (or port 
side) lanthorn. 

Fig. 8 is a section through AB, Fig. 5, of a green (or 
starboard side) lanthorn. 

Note.—The anchor (or riding light) lanthorn is a circular 
lanthorn, as shownjin Figs. 1 and 5, 

Fig. 9 is a vertical section of a hand lanthorn, having red 
and green slides suitable for boating purposes, as required in 
Article 9 of the Order in Council, 

Fig. 10 is a section through A B, Fig. 9, showing arrange- 
ments of slides, &. 

Particulars, dimensions, &¢., of lanthorns. 








Russian Rartways.—The Russian railway system ex- 
oe a last year only an inconsiderable extension. The 
ollowing lines were opened: The last section of Losovo- 
Sebastopol Railway, 7$ miles; Rostoff-Wladikavka Rail- 
way, 73} miles. In course of construction and sanctioned 
were: Orenburg Railway, 52} miles; Fastoff Railway, 
$44 miles ; Ural Minin Railwa , 63 miles; Vistula Rail- 
way, 55 miles; Riga-Zuckum ilway, 6 miles; Murom 
Railway, 10} miles; Dorpat Railway, 11 miles ; and two 
smaller railways, of a total length of 44 miles. Of great 
importance for the Russian railway system is the final 
decision of the Russian Government, towards the close of 
last year, to choose the southern route for the great Siberian 
Railway. This railway will lead from Nishni to Kasan, 
along the right bank of the Volga, opening the richest dis- 
tricts of that river. From Kasan it will go over Mamadysh 
to Nicolo-Beresoff on the Kama, running through the fertile 
districts of Tchistopol and:Menselinsk. The line, after cross- 
ing the Kama, will lead over Krassnoufinsk past the 
mining works to Jekaterinenburg, It goes from here, 
the centre of the mining and smelting district, over 
Kamyschl to Tjumen, the first point of the Siberian navi- 
gable rivers. ow enthusiastically the decision of the 
Government in the Siberian railway question has been 
received by the nation, is shown by the fact that in many 
cities, but especially in Moscow and Kasan, special thanks- 
giving services were held in the churches, in celebration of 
the southern route being chosen. 





Tue INsTITUTION oF CIvIL ENGINEERS.—At the 
meeting of this Society on Tuesday, February Ist, 1876, 
Mr. George Robert Stephenson, President, in the chair, it 
was announced that the Council, acting under the provisions 
of the bye-laws, had oey transfe Mr. Willi 
Hunt, Resident Engineer, East London Railway, from the 
class of associate to that of member, and had admitted 
Messrs. Richard Syer Robinson and George Atkinson van 
Sommer as students of the Institution. The monthly ballot 
resulted in the election of thirty-eight candidates, of whom 
five were members, viz.: Sir Samuel Canning, Great Win- 
chester-street ; Messrs. David me go Harbour En- 
gineer, Dundee ; Thomas Ross Salmond, Harbour Engineer, 
Belfast ; John Somes Story, Settle and Carlisle Railway ; 
and James Penman Hugh Walker, Superintending - 

ineer, P.W.D., Bengal ; and thirty-three associates, viz. : 
essrs. John Allison,, Borough Engineer, Bradford ; Wil- 
liam Brentnall, Town Surveyor of Tunbridge Wells ; Wil- 
liam James Cadett, Assist. Eng., Lee Conservancy; Wil- 
liam Allan Carter, Edinburgh ; Joseph Cartmell, Marypo 
and Carlisle Railway; Ben James Fisher, London and 
South-Western Railway, Exeter; Henry John Handley: 
Assist. Eng., P.W.D., India ; Joseph Hardwick, Bradford, 
George Haycraft, Faversham ; George Colthurst Hewitt, 
Coalpit Heath ; Herbert Th Huxley, Beyrout ; Samuel 
Swinton Jacob, Capt. B.S.C., Ex. Eng., J r; William 
Johnstone, Assist. Eng., P.W.D., India; Isaac Matthews 
Jones, City Surveyor, Chester; Walter Roberts Jones, 
Stud. Inst. C.E., Chief Engineer of the Monte Video Gas 
Company ; Thomas Kidd, Jun., Linares, Spain; Arthur 
Hemery Le Breton, Stud. Inst. C.E., late Resident En- 
ineer of the Louisberg (Cape Breton) Railway ; George 
hibald Lundie, Resident Engineer of the Bargoed,Rail- 
ways; Arthur Marshall, B.A., Croydon; William Beswick 
Myers, Stud. Inst. C.E., Leeds ; hos Nubar, Derby ; 
Malcolm M‘Culloch Paterson, Dewsbury ; Robert Char 
Boileau Pemberton, Major R.E., Engineer-in-Chief of the 
Nizam’s State Railway, Hyderabad; Robert Pickwell, 
Hall; Henry Richards, Stud. Inst. C.E., Great Western 
: igby, B.A., late Parana and Matto 
Grosso Railway Survey, Brazil ; William Russell, Stud. 


» Stud, Inst. C.E., 


Servian Copper and 
Bradford ; and John M renc 
Scinde, Punjaub, and Delhi Railway. 


; John Webster, | and cheap 





THE LANSDOWNE VALLEY BRIDGE. 

Amonest the considerable engineering works auxiliary 
to the Centennial Exhibition, one of the most important is 
the bridge recently completed over the Lansdowne Valley 
in Fairmount Park. In laying out the ground appro- 
priated for the use of the Exhibition, it was found neces- 
sary to construct this bridge over the valley at a point 
north of the Memorial Hall. The designs were prepared 
by Mr. Joseph M. Wilson and Mr. Henry Pettit, whose 
names are now so well known in connexion with the Exhi- 
bition, and the work was undertaken by the Watson Manu- 
facturing Company,.of Paterson, New Jersey. 

The bridge consists of twelve spans, and the leading 
dimensions are as follows :— 


feet. 
8 centre s , 80 ft.each ... 240 
2 intermediate spans, 60 ft. each 120 
7 end spans, 20 ft. each 140 


6 spaces over piles, 10 in. each’ ~ ... we 5 
2 spaces over abutments 5 ft. each wal 


Total length of superstructure di oc. ae 
Approach wall, north end... ae ey 
*s » south ,, sa Ge ww. 125 
Extreme length of railing on bridge and 
ge oe 26a se al «» 685 
Width of roadway id ra 60 
»». », f0otwalks, 10 ft. each 20 
Total width of bridge .. _ ... te 80 
Distance between centres of trusses ... 15 
Projection of footwalk beyond trusses 7s 


The general design and details of construction are shown 
on the two-page plate we publish this week—Figs. 1 
and 2 being general elevation and plan; Fig. 3 is a 
transverse section through one of the small end spans; 
Fig. 4 is a transverse section through the bridge, at 
the point of its greatest elevation above the valley; Fig. 
5 is a side elevation of part of one of the trusses and 
hand-railing; Fig. 6 is a transverse section to an enlarged 
scale of one of the trusses, and a front view of one of the 
abutments; and Fig. 7 is a side elevation of an abutment. 

The 60 ft. and 80 ft. spans consist of single intersection, 
decked, Pratt trusses, with upper chords ani posts of tim- 
ber, and lower chords and other tension members of wrought 
iron; vertical diagonal bracing is introduced between each 
post of the truss, and upper lateral bracing between the 
upper chords of the two outer trusses only, and continued to 
the abutment at each end. The foundations are of masonry, 
timber trestle work being carried up from the stone piers. 
Vertical diagonal bracing is introduced between each of the 
timber ports, as shown in the drawings. Wind ties con- 
nect the lower chords of the trusses with the piers, those 
at the outer ends of the 60 feet spans being bolted to the 
masonry. The stonework of the piers above the ground is 
rock-dressed and pointed with dark mortar. The coping 
and capstones are of Newark sandstone, hammer-dressed 
and laid in cement, as are the lower courses of the founda- 
tions for a height of 8ft. The test for the wrought iron 
employed is 60,000 lb. to the inch, and the links are spe- 
cified, when tested to breaking, to yield through the bar, 
and not at the head; the joints where necessary are made 
tight by thickening washers, and the pins are specified to 
fit within ;4,th of an inch. The floor beams are 3in. x 12in. 
placed 16in. apart, between centres. The flooring of the 
roadway consists of two thicknesses of 2-in. plank, the lower 


illiam | layer being of white pine laid diagonally, and the upper 


layer of oak laid at right angles to the trusses. The plank- 
ing, of the side-walks is also in two thicknesses, the lower 
being of 2-in. white pine, and the upper 1}-in. yellow 
pine, tongued and grooved and laid longitudinally. The 
curb is of white oak. ; 








LocoMOTIVEs FoR New ZEALAND.— We understand that 
four locomotive engines are Lm | constructed at the Avon- 
side Engine Works on the “‘ Fell” principle. One of the 
engines was tried at the works on Wednesday, and was 
found to work satisfactorily. Semewhat similar engines, 
which were made for the Mont Cenis incline, were con- 


rt | structed from French designs, but those building at the 


as well as manufactured at 
; ied for the New Zealand Govern- 
ment Railways, for ing steep inclines over a chain of 
hills in the interior of one of the islands. The gauge is 
3 ft. 6in. By the kind permission of Mr. the manager, 
an inclined rail is being laid down at the istol Wagon 
Works, and one of the engines will shortly be tried there, 


BrisToL Tramways.—A letter has been published by the 
secretary of the Bristol Tramways Company (Mr. George 
White), as a reply of the directors of the Bristol Tram- 
ways Company to a resolution passed at the last Town 


Avonside Works were desi 
the-works. They are in 





Council m » upon an application of the company for 
permission to _down extensions to Totterdown and 
Victoria-square, Clifton. The company say they are dis- 


appointed with the reception which the council gave toa 
proposal to construct a line to Clifton, and to a resolution 
come to with respect to Sunday traffic. They ask the 
council to reconsider these questions, in which case the 
directors would be to advise their com to 
apply to Parliament for powers to constract a line (aug 
gees dane council) Victoria-street across St. 

hilip’s-bridge to Old Market-street, where it would join 
the com *s authorised system, and the whole of the 
eastern district of the city w 


then be into easy 
c communication with the central way station 
and the southern suburbs. This reply will be laid before 


the council in due course. 
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SOME PRESSING NEEDS OF OUR IRON 
AND STEEL MANUFACTURES, 


Address delivered by the President, Mr. A. L. Houtey, 
C.E., Brooklyn, N.Y., before the American Institute of 
Mining Engineers. 

(Concluded from page 71.) 

4. Enlarging the Range of Manufacture and Utilising 
Waste Products.—The wrought-iron manufacture, by reason 
of its long period of development, and the ease with which 
old and defective materials and scrap can be reworked, has 
adapted its products, in a remarkable degree, to every 
branch of construction, very largely crowding out cast iron 
from such important works as large columns and long-span 
brid; The following remarks will, therefore, apply 
chiefly to the steel manufacture, which has within it the 
elements of superseding wrought iron in a still more re- 
markable degree. 

The rapid adaptation of steel to large structural uses 
other than rails, in foreign countries, should be more 
seriously considered by our steel makers. For instance, 
three French men-of-war, built mostly out of Bessemer and 
Martin steels, were so successfully constructed in 1873, that 
three more large ships were ordered in 1874, to be built 
from the same materials. Notwithstanding the objections 
so strongly urged against steel ship plates in England, partly 
from conservatism of ‘practical’ men, and more largely 
from their improper treatment of this material in heating, 
shaping, and applying it, the English Government has re- 
cently ordered three vessels to be built wholly of steel, and 
many private shipbuilders are employing more or less of 
this better material. Several Bessemer works in England 
are running exclusively on a general merchant product, 
having a large range of grades and uses, and taking the 
place of both crucible steel and wrought iron. The Con- 
tinental works are turning, probably. a third of their 
Bessemer product, and a greater proportion of their Martin 
product into other forms than rails. All the late locomo- 
tives, many hundreds, on the London and North-Western 
Railway, are built of Bessemer steel, excepting only the 
wheels and necessary castings. Everywhere abroad, 
Bessemer and Martin steels are more and more satisfactorily 
employed for plates, beams, channels and angles, for ships, 
bridges, and other structures, and for railway tyres and 
axles, general shafting, agricultural implements, and the 
multitedions forms of nanny bars and forgings. In 
the railway and machine shops, the bridge works and ship- 
yards of Europe, and of France especially, the method of 
treating steel, of heating and shaping it, and of pr | it 
successfully into machinery and engineering structures, has 
become, = it must everywhere become before this ma- 
terial can be employed to the best advantage, a distinct and 
highly developed art. 

We learn the following facts from Mr. Menelaus’s recent 
address before the Iron and Steel Institute: Krupp, after 
successfully making thousands of steel cannon, large an 
small, is now fabricating 14-in. guns of 57 tons weight, to 
carry 9 cwt. shot 9 miles, and is about to built others of 
double this weight ; Mr. Reed, late Naval Constructor, 
believes that there will henceforth be no obstruction to the 
a of steel + eee that ‘‘ the 
special arrangements required for steel shipbuildi resent 
no real difficulties to a careful builder ;’’ nel es of 
large span are successfully constructed in Holland and 
elsewhere on the Continent, and steel aye goes ye J in 
England is hampered —_ by the Board of Trade regu- 
lation, that the material shall not be loaded above 5 tons in 
tension, and 4 tons in compression. The Bolton Bessemer 
Works have produced between 9000 and 10,000 tons of steel 
plates, three-fourths of which have been used in boilers. 
Mr. Adamson, the eminent engineer, has built between 600 
and 700 boilers out of Bessemer steel, and uses no other 
material for this purpose. 

What, on the contrary, is the condition of the mannfac- 
ture at home? Out of a Bessemer product of some 
350,000 tons per year, probably less than 6000 tons are used 
for other purposes than rails. Very few Bessemer works 
have any machinery for producing the various constructive 
shapes required, or any experience in making steel of high 
or low grades. Bessemer manufacturers are talking about 
reducing products in the fear that rail orders will fall below 
the capacity of their works. Martin steel is now made in 
American works, regularly and successfully, of all grades, 
from springs down to boiler plates, thus furnishing ev 
constructive grade required. Engineers and machinists are 
generally asking for just such material as steel has proved 
to be abroad, but are yet hesitating about the use of steel, 
because our Bessemer manufacturers have not got much 
into the way of making other grades than rail steel, and 
Martin manufacturers have not, until quite recently, begun 
to adopt those jo ema opp 3 in plant and practice which 
will make steel cheaply; and, also, because our artisans 
have not, in most cases, made any study of the art of 
working steel, and are therefore afraid of it. Experts say 
that the use of wood, not only in ocean vessels, but in river 
and lake boats and barges, must soon give way to the use 
of metal, as it has done abroad, and is beginning to do here ; 
and there are thousands of wooden bri on our railways 
and highways, which must soon be rep by metal; so 
that for these two large uses, not to speak of general ma- 
chine construction, there is growing up a vast market for a 
better material than iron. Excellent pig, for the produc- 
tion of cheap steel, is obtainable in all parts of the country, 
and ferro-manganese, upon. which important qualities of 
constructive steels depend, is now cheap enough to warrant 
its raluse. Inshort, with every facility for making the 
product so largely needed here and so ly used abroad, 


with the best steel works in the world, and working organi- 
®ations in them which have increased product pint Pont 
cost in a remarkable degree, we are devoting more con- 
centrated action to schemes for preventing over production, 


than we are to adapting grades and shapes of product to 





the various constructive uses, and to teaching artisans how 
to heat, shape, and apply them. 

The remedies for this state of things are various and 
obvious, and are indicated in the foregoing statement of the 


case. 

I. It is, undoubtedly, the policy of every Bessemer 
works, whether it has the machinery for rolling merchant 
steel or not, to make, from time to time, experimental 
charges of high quality steel, both hard and soft, so as to 
learn the proper Ecrelients and treatment. As such steel 
should be better than the average make, it can be di 
of for rails if it is of the right le, and if of softer or 
harder grades, what little would be made experimentally 
could be sold in one place or another. There might be no 
immediate profit in it, but it would give the maker 
knowledge of his resources, facts about cost, experience in 
treatment, and confidence in his ability ; in short, it w 
put him in a ‘position to take and execute orders. 
makers cannot expect a v brisk demand for materials 
which they do not know whether they can make or not, 
pouch. eee hey & cost rey when then are _— An 
equally great advan of this experimental steel making 
would be an agusidey to test the exact value of their 
new products in tension, compression, and ov sean & I 
have seen Bessemer plate made and tested at Terre-Noire, 
out of common Bessemer pig and ferro-manganese, which 
stretched 19 per cent. and had but 0.16 per cent. of carbon. 
Some Crewe Bessemer plate that I saw made and had 


ro stood every mechanical test and had 0.21 carbon, | small 


silicon, and 0.054 phosphorus, which shows what 
may be done by selecting good materials. If our present 
pigs are not sufficiently siliconised to blow hot, the addition 
of manganese in the vessel, in the shape of good spiegel, 
will answer the same purpose, and help rather than harm 
the product. The reason why our Bessemer men do not 
make soft steels and those adapted to a larger range of 
uses, is because they do not try. But they must try, and 
succeed, and know what they can guarantee, before they 
can get orders. 

II. It is also obvious that Bessemer steel makers should 
increase their facilities for turning out the various shapes 
required, and for putting rail ends and bloom ends into 
marketable forms. Probably, a stand of billeting rolls 
attached to the rail train, also a 14-in. train and direct 
engine, and a 9. in. train belted from the same engine, would 
best cover all up to rail sizes. Judging from what the one 
or two works are doing which have these facilities, one or 
the other of these small trains should very soon be kept 
busy on special steels and reworking rail ends. Probably 
the best means of rerolling old steel rails and rail ends, is 
the very ingenious device of Edwards and Rogers, of Cleve- 
land—placing the grooves at an angle with the axes of the 
rolls. The whole rail end can thus be utilised, while slitting 
off the flange and stem makes pieces that are too short for 
economical use. Rerolling old steel rails and long ends into 
smaller rails is done sucessfully abroad. Even small pieces 


d| may be utilised better than by remelting, if they are of 


proper grade and soundness. The Troy Works, for in- 
stance, are making steel cut nails, which will drive through 
an oak plank and clinch. 

The large use of steel for structural purposes, however, 
will be in bars which will require a 21 in. to 24in. train, 
such as angles and small channels, I-beams and deck beams, 
and Partin a rounds, and squares. Tochange the rolls of 
a rail train to fill orders which would necessarily be small 
at first, for this kind of work, would be very expensive. 
But a couple of stands of rolls on the end of a rail train 
could be changed as often as necessary, without interferi 
with the r rrail production. The same stands woult 
take the billeting rolls before mentioned. It is probable 
that boiler plates can be made cheaper and better in the 
long run by the Martin process, but ship, bridge, and tank 
plates are successfully made by the Bessemer process. The 
existing blooming trains can, I believe, be changed from 
time to time into excellent and fast-working plate-trains, 
by the mere substitution of suitable rolls and fixtures. This 
feature was considered in the original design of the mill. 

III. It will also be necessary for steel makers to take the 


initiative in practising, perfecting, and disseminating the | E 


new art of working steel for structural purposes. The high 
degree of success which attended the treatment and use of 
steel in the French ships referred to, was due to an elabo- 
rate series of experiments, before and during their con- 
struction, on the injury done to plates, bars, and beams by 
hardening, and the remedies—hardening, not by cooli 
only, but by pressure,as by punching, shearing, and col 
hammering. It has not, probably, occurred to many boiler 
makers who could do nothing with these grades of steel, 
and so have condemned steel altogether, that shearing and 
locally hammering plates puts them in a condition similar to 
that produced by cold punching, which reduces the strength 
of the parts above 20 per cent. These injuries, however, 
are entirely local, although their effects, if not remedied, 
may hecome general. It has been demonstrated at the 
Barrow works (as set forth by the manager, Mr. Josiah T_ 
Smith, in a late paper before the Institution of Civil En- 
gineers), and most completely proved by these French ex- 
periments, that the injury done to steels of rail grade and 
below, by cold punching, is confined to the skin of the hole 
(4-100 inch thick in the French tests) ; and that this injury 
is only hardening by pressure, which may be completely 
removed by tempering or annealing, or by reaming out this 
thin ring of hardened metal. The same is true of shear- 
ing; the hardened skin may be removed by planing or re- 
stored by annealing. The Bessemer and Martin steels 
were not the softest grades; they had at least 
0.25 carbon, and s 30 tons tensile strain. ‘ were 
easily hardened, and readily acquired dangerous internal 
strains ; yet they were made socompletely tractable by proper 
treatment, that they did not fail, in manufacture as often 
as iron did, and gave promise of vastly longer endurance in 
service. With proper appliances, these necessary additions 
to ordinary iron working processes need add but little to 


employ 





the cost of construction. ‘There are sti 

the treatment of steel, —a effects 
form an important feature of thi 

further consideration at this time, from the 
are to have a valuable , at another session, which will 
prznt the eben deal. 

e i steel to constructive p’ was 
specially shown in stamped work, such as lene cea like 
a low-crowned hat, of which 700 were ee ode without 
losing one, while not one good piece could be stamped out 
of iron. The fact that steel talises less than iron by 
heating without working, and that steel plates have prac- 
tically the same s h with and across the ‘ grain,” 
were also demonstrated. The conduct and results of-these 
experiments have been published by M. Barba, and are 
repeished by Van Nostrand in New York. 

. But the advantages of steel, as a constructive ma- 


Steel | terial, and of its improved treatment, cannot be monopo- 


lised by the present steel makers. There are many iron 
aoe mem and rail mills now A cpg work and docg to 

usiness every year, as steel is developed, whi ve 
nearly all the appliances for working up steel into shapes 
for implements and structural uses. Such works, abroad. 
and, to some extent, here, are insuring the utilisation of ali 
this machinery, and the permanence of their business, by 
working their way into the steel manufacture, by means of 
the open-hearth furnace. The Siemens-Martin process has, 
in such cases, the advantage of working economically on a 
scale. Where it is best carried out, the product is 
cheap enough to warrant its substitution for iron in a large 
number of uses, and it is particularly economical in that 
the raw material employed may be 1 scrap iron and 
steel of good quality, and even of bad quality, if rich ferro- 
manganese is used instead of spiegeleisen. Martin steel 
rails, in successful service in France and Russia, contain 
0.38 of Loca panty neutralised by 0.75 to 1.00 of man- 
ganese, which veplaces the usual carbon. Of carbon there 
is but 0.12 per cent. 

V. Finally, one of the most obvious and important 
methods by which steel makers can promote not only the 
adaptation of better materials to str uses, but the 
increased use of iron and steel structures, is to aid in the 
Government tests of metals which have recently been inau- 
gurated. Many thousands of tons of iron are annually put 
into bridges and ship-frames, for instance, when bridge and 
shipbuilders know and admit that steel is stronger and pro- 
bably better in every way, but they are afraid to use it be- 
cause they do not know just what the s h, elasticity, 
and ductility of the various grades are. In default of such 
knowledge they will take no risks. Now this is just the 
knowledge which this Government commission will supply. 
ad ef rr will take — of the wmye pd ily, and 

e it their business to supply specimens of various grades, 
and to contribute in all ways to the thoroughness of the 
investigations, they will benefit themselves even more than 
they will serve the public. This commission intends to 
avoid the mistake which has made similar attempts, here- 
tofore, of ial and limited value—the mistake of ascer- 
taining only the physical qualities of metale, the chemical 
constituents of which are practically unknown. They 
intend to determine what it is, not only in ps or es but 
in treatment, that makes iromand steel good or bad, or well 
or ill adapted to use in buildings and in the arts. This in. 
formation must be of the greatest value to both iron and 
steel makers. And the final result must inevitably be, not 
only the adaptation of better materials to current uses, but 
the vastly increased employment of both iron and steel for 


new uses, 

In conclusion: While it cannot be denied that the fore- 
going criticisms are applicable in more thana majority of 
cases, it would be not only ungracious, but unfair, to put 
forward their objects as representative and characteristic 
of American practice and management. Our economies, 
in some departments, have been remarkable, while our 
general steel works and rolling mill practice is, on the 
whole, superior to that abroad. While the introduction of 
economical mill engines is ing slow but measurable 
headway here, the increasing use of reversing engines in 
land is a step tothe rear. The gas furnace and the 
utilisation of waste heat are quite as generally employed 
at home, as in other countries. 

In this connexion, I cannot close these remarks without 
bearing testimony to the gallant manner in which the com- 
mercial promoters of our early Bessemer works poured out 
money and encouragement to us who were so long floun- 
dering in the slough of technical uncertainties. I refer 
especially, but i means exclusively, to the three esta- 
blishments which first resisted the upper and nether mill- 
stones of a professional knowledge and pepuies 
prejudice against steel, the works at Troy, Cleveland, and 
Harrisburg. And it is with a feeling equally of pleasure 
and of justice, that I also refer to the remarkable produc- 
tion of steel, and to the notable economies in its manufac- 
ture, which have been accomplished by the technical know- 
ledge, the workfulness, and the common sense of the super- 
intendents of our various steel works. Let shareholders 
and directors, remembering the outcome of the troublous 
past, bear in mind what results the future should bring 
torth, when technical management of this quality is rein- 
forced by that system of improvements, which this paper 
has but too inadequately set forth. 





AmeERIcan Steam Street Cars.—Some experimental 
trips—said to have been attended with satisfactory results 
have been made in Brooklyn with a steam street ear, built 
at the Baldwin Locomotive Works. Theadvantages claimed 
for the car are that it consumes its own smoke, does not 
allow the escape of steam, and as a consequence is “‘ sub- 
stantially noiseless.”” Itis also furnished with steam brakes, 
which, it is said, enable the engineer to stop it within half 
its length. The car is not much larger than an ordinary 
street car, the boiler is on the front platform, and nearly 
all the i is un th the car. 
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February 7th). The chair to be taken at 8 o’clock, 
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Meeting at 8.0p.m. “Contributions to the Theory of Submerging 
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SHIPPING LEGISLATION. 
CONSTANTLY occupied as we are from week to week 
in discussing public questions as they arise, few 
subjects have given us more cause for gratification 
than the success which has so far attended our ad- 
vocacy of the principle of a periodical survey for 
all merchant ships by some impartial tribunal, with 
a view to insure their practical soundness and sea- 
worthiness. We have not only shown that every ship 
shouldas a matter of principle be submitted to inspec- 
tion, but we have also explained in detail how this 
could be done efficiently and thoroughly without 
causing any serious inconvenience to trade, and 
without inflicting additional burdens on the mer- 
cantile marine of this country. 

Undue official restraint as to the load-line might 
well drive much of the best shipping of the country 
into foreign hands, but an occasion survey of every 
ship, conducted by experienced and intelligent sur- 
veyors, imbued with the conviction that their duty 
lay in confining themselves to the question of sea- 
worthiness or unseaworthiness, could not drive a 
single sound and trustworthy ship out of English 
hands, and could not press hardly upon any except 
rotten or otherwise unsafe ships that could well 
spared, either to the foreigner or to the breaker’s yard. 
Many of the unseaworthy ships now afloat coul 








however be efficiently repaired, and would be so if 
the necessary pressure were brought to bear on 
their owners, and then, instead of being as they are 
a reproach, they might well become a credit to the 
coun’ When this subject came prominently for- 
ward in 1873, we expressed our views on it y 
and unmistakably with the conviction that it was a 
mere matter of time to see those views take root in 
the public mind and lead to definite and satisfactory 
legislation. At the time there prevailed but a 
scant; uaintance with the subject outside of 
shipping circles, and for some time we stood almost 
alone from our contemporaries in discussing the 
matter from a practical point of view.. There was 
no lack of support to the principle of a ‘ universal 
survey” as it was called, but very few attempted to 
meet frankly the difficulties of the case, or to assist 
in their removal. We said, and still say, the pro- 
position that every Government is bound to prevent 
as far as possible unn sacrifice of human 
life is incontestable. It is equally true that to send 
men to sea in rotten, ill-found, or otherwise un- 
seaworthy ships, must in the end lead to sacrifice of 
life, absolutely uncalled for. So far all are > are 
Beyond this point opinions are divided chiefly be- 
tween two distinct lines of policy. On the one 
hand it is argued that a man who wilfully sends an 
unseaworthy ship to seais a criminal, and like a 
man who utters counterfeit coin, or robs a till, 
should be punished as a criminal; but it is said do 
not suspect every shipowner to be a rogue, and his 
ship to be unseaworthy, and harass him with 
official surveys and interference because a small 
minority of shipowners are unscrupulous. 

On the other hand, it is urged that the seaworthi- 
ness of a ship is not, like the genuineness of a coin, 
a mere matter of fact which can be immediately de- 
cided by any intelligent fpr nor is it even in all 
cases a matter capable of absolute proof. It requires 
the skill of an expert to determine it approximately, 
and often necessitates the exercise of the utmost 
care and consideration. The owner of a shipis not 
in nine cases out of ten capable of determining the 
point for himself, and even experts may differ in 
opinion in the matter, It is not therefore merely a 
question of criminal intention and act with which 
the Legislature is called upon to deal, but one in 
which far more difficult elements, arising from 
ignorance and uncertainty, play the princi i 
A man who has an old ship approaching what is 
termed her ‘‘ last legs” may be influenced almost un- 
consciously by fifty reasons (none of them criminal) 
inducing him to postpone the day when he will have 
his vessel thoroughly examined, and decide either 
upon expending a large sum in repairing her or else 
break her up. It may be that he has not long 
bought her, and hopes to get some return for his 
money before embarking in any further expenditure 
upon her. It may be he has owned her a long time, 
and has his doubts about her soundness, and thinks 
it will pay him better to sell her as she is than re- 
pair her, if he can finda purchaser. His hesitation 
may be due to financial embarrassment, or it may 
be due to greed, or it may be due to blind con- 
fidence in a vessel which has served him well for 
years, and shows to his eye no signs of structural 
deterioration. 

In addition to the material advantage of getting 
a year’s work or two more out of the shipif all goes 
well, without a we outlay on her, the ‘‘ off chances” 
are all in favour of the owner, The ship may within 
a year or two get wrecked, or be run down in acolli- 
sion, or burnt, orsome other untoward accident might 
happen to her by which the insurance money will be 
obtained, or enable the cost of the repairs to be 
in part, if not wholly, saddled upon the underwriters 
or on the insurance clubs. People uainted with 
the subject know perfectly well that these are con- 
tingencies which have been over and over i 
counted upon and have come to pass. Where then 
is the inducement to the owner of inferior shipping, 
perhaps himself pressed for money, to put his shi 
under repairs, and encounter Je risk that when . e 
shipbuilder or repairer once begins to open up the 
defective parts of the vessel, the decay will~be 
found so extensive as almost to necessitate rebuild- 
ing? With wood ships it is not uncommon when 
once a beginning is made in taking out defective 
parts to find that the removal of one thing leads to 
the discovery of something else, until the ship is 
literally taken to pieces, and the repairs are found 
in the end to cost more than the ship is worth, or 
even than a new ship could have been built for. Is 
it to be wondered at then that the owners of old 


ships should be chary of surveyors and inspections 





which might lead to the exposure of a state of 
affairs in the ship which the owner fondly hopes 
does not exist, but has not the courage to investigate 
for himself? Such men for the most part are far 
from being criminals, and a criminal clause cannot 
be enforced against them, but it does not follow 
that their ships should be allowed to go to sea in 
an unseaworthy state. ! 

When the ship is lost it is usually too late to try 
ped her unseaworthy. At least it is too late 
to bring home a criminal charge against the owner. 
And notin nine cases out of ten, even before the 
ship is sent to sea, and if she is known to be in want 
of repairs, could an owner be convicted of any- 
thing more than carelessness or ignorance of the 
condition of his ship. 

For these reasons we maintain it is better to pro- 
vide for a compulsory periodical survey of all chips 
than to enact penalty clauses which are almost cer- 
tain to become a dead letter eventually, and'at best 
can but be capricious in their application, and can be 
effective only ina few of the very worst and most 
glaring cases of rascality. 

It must never be lost sight of that the great bulk 
of the merchant shipping of this country employed 
in the over-sea trade, and conveying valuable cargoes 
to and from this country, are dy, and have 
been for years, submitting voluntarily to the kind 
of periodical survey which we advocate. In nothing 
is the old , a stitch in time saves nine,” 
more true than in attending to the condition of a 
ship. Most shipowners know this well, and long 
experience has taught them that it is better for the 
ships, and cheaper in the end, to leave the applica- 
tion of this ‘stitch in time” to the discretion of 
duly qualified and impartial experts, than to trust 
to their own more or less biassed judgment, The 
consequence is that be» Fre in skilled surveyors 
for their ships as na y as they call in sadlenh 
advisers for themselves and families. In not 
frankly admitting this fact, we have often thought 
the shipowners of this country do themselves much 
injustice. Throughout the whole course of the 

reat meeting of shipowners held at the London 
Tavern on Wednesday last, although nearly eve: 
speaker there systematically adopts this course wit. 
his own ships, not one advanced it as a plea, al- 
though it is the strongest plea they have for pro- 
testing against further interference in this direction 
on the part of the Legislature. We have often 
alluded to this point in these columns, but it will 
be as well to ies the matter once more clearly 
before our readers. 

In the mercantile marine of this country there are 
two distinet divisions, the one comprising what is 
termed classed ships, the other —— unclassed 
ships, They may be defined as follows: Unclassed 
ships are those in which no one but the owners or 
their — have any voice in the construction or 
rm the vessels, or in their state of preservation. 
Cc ships are those which in addition to receiv- 
ing the careful attention of the owners and their 

ents, are placed in the hands of a Register Society, 
whose surveyors, in addition to watching the con- 
struction of the vessels, follow them through their 
career, and require the ships to be built and kept up 
to a certain standard of efficiency equal to that of 
other ships to which the same class is accorded. 
There are in this country two register societies 
available for this purpose. The first and greatest 
of these societies—the parent, in fact, of similar 
societies all over the world—is Lloyd's Register, 
which dates from the middle of the last century 
and has at present under periodical survey about 
9000 ships, without counting some 2600 ships whose 
class is suspended during repairs. The other so- 
ciety of .< similar pod: the “ sveaee Under- 
writers’ Registry,” which is comparatively young, 
dating from 1862, and has something lens than 1000 
ships under its auspices. The total number of mer- 
chant ships in this country is about 26,000, and if 
we omit from these all small craft under 100 
tons burden the number becomes reduced to about 
12,000, so that d’s Register alone might be said 
to class and periodically survey the chief part of the 
shipping of the country. Let us briefly describe the 
0 al through which these ships have to pass. 

In the first place the owners of these classed 
ships get them built by some blé ship- 
building firm in the soeeieg, spose which the 
have themselves previously business, or w! 
has been recommended by some mutual friend of the 
owners and builders, e owners for the most 
part want the ship for a particular in which 
a certain class, such as A 1 at Lloyd’s for so many 





94 





ENGINEERING. | 





[Fes. 4, 1876. 





ears, gives the vessel an advantage in obtaining 
reight. This condition, that the ship is to get the 
required class, is inserted in the contract for build- 
ing the ship, and she is consequently built under 
the im survey of some of Licyd’s sur- 
veyors, who are held ible to the committee 
of their Register Society for the workmanship 
and materials in the ship being of good quality, and 
for the sizes of the several parts being up to the 
committee’s requirements for a ship of the parti- 
cular size, and of the required class. During the 
building the surveyors form a check upon the 
builders, and the owners or their agents form a check 
upon the surveyors. If the surveyor is unduly hard 
=e the builder, the latter applies to the committee 
of the Register Society for protection. On the 
other hand, if the surveyor is too lax the owner ap- 
als to the committee, because the contract price 
or his ship is fixed, and he naturally wants to get 
the worth of his money. ‘The Register Society thus 
insures fair play between the owner and the builder. 
After the ship is completed and classed, the duty of 
the Register Society is to see fair play between the 
owners and the underwriters. 

From the time the ship receives her class the 
particulars which go to make up her history begin 
to accumulate in the archives of the Register 
Society. She is subject to a general inspection 
every year and to a special survey at longer inter- 
vals. If she is damaged at any time by collision or 
by going ashore, or by any other mishap, the first 
thing the owner does when she arrives in port is to 
call upon the Register Society to appoint surveyors 
to hold a survey on her, and to state what will have 
to be done in the way of repairs to restore the vessel 
to her former state. This the owner has to do in 
self-defence to prevent any misunderstanding arising 
when: he makes his claim for insurance against the 
underwriters. The surveyor (or surveyors as the 
case may require) being unconnected with either the 
oe or the underwriters, is in a position to 

e an impartial report; and this he is the more 
bound to do because Lloyd’s Register Committee, 
who have to examine and take action on his report, 
are composed of representatives of both the ship- 
owners and the underwriters, and they are not slow 
to detect and check any tendency of the surveyors 
adverse to their respective interests. 

The expense of the repairs due to the damage sus- 
tained by the ship, when it is serious, falls chiefly on 
the underwriters. The interest of the owner there- 
fore is to have the ship thoroughly set right again— 
not to shirk repairs. If the surveyor does not see 
that this is done efficiently the owner has a right to 
complain, and he can always find shipowners on the 
Register Committee ready to support his complaint 
if it is atall a fair one, On the other hand, the 
surveyors have no inducement to deal unfairly with 
the, underwriters or to require more done than is 
necessary, because the owner is content if his — is 
restored to her original condition and retains her 
class, and cannot with any show of honesty seek 
more; and the underwriters for their own protection 
watch keenly, and repress sternly any recommenda- 
tions of the surveyors which appear excessive. It 
not unfrequently happens, however, that when a 
vessel is being repaired for damage, inherent defects 
disclose themselves which have to be made good. 
And it then becomes the duty of the surveyor to 
discriminate between such repairs and those due 
directly to the damage, because the cost of one set 
of repairs falls on the owner, and that of the other 
set, either wholly or partially, on the underwriters, 
This is a-matter requiring often much skill and 
judgment, and a high degree of impartiality. The 

connected with all such work are deposited 
at the Register Office, and can be referred to at a 
future time by the surveyors, when anything 
further has to be done to the ship. ° 

The periodical 2 + come surveys are all defined, and 
are fixed to take place at certain’ iitervals varying 
from three to four years in iron ships, and with 
further latitude in wood ships, according to the 
build of the ship and the materials of which she is 
constructed. Kvery owner of a classed ship knows 
that at a certain stated time.the vessel will have to 
stand a certain ordeal under the hands of the sur- 
veyors. ‘The structure of the ship, the timbers of 
the frame, and other parts usually covered up, will 
be —— , i all indications of decay 


have to 

or deterioration followed until its 
extent is made t. Knowing this beforehand, 
the owner can e tions for the survey ; he 
can fix the time for it (within certain 


limits) so as to meet his own convenience, and he can 








therefore get through it with the minimum of cost, 
- of interference to his trade. Sat ge toned 

g the repairs will be great or according to 
the condition of the ship. If the vessel is found 
sound and efficient, the cost is merely nominal and 
the delay trifling. If she is found unsound, and 
necessitates a heavy outlay, it proves that the 
survey was not uncalled for. When it ie done, the 
ship gets a new lease of life. It lies with the owner 
whether he will go to the expense of restoring the 
vessel to an A] class, and thus qualify her to carry 
dry and perishable cargoes to and from all parts of 
the world, or whether he will effect the repairs in a 
less costly manner, so as to obtain a lower class 
such as the 42 ] class, qualifying her to carry goods 
not in their nature subject to sea damage. In 
either case the vesselis made seaworthy, and is 
pronounced likely to remain so for a certain stated 
term of years. 

Again, ships are not unfrequently built for cer- 
tain trades, and in course of time circumstances 
change, or they are put into other trades to which 
they are not so well suited. It is determined per- 
haps to lengthen them, orto put a light deck on them, 
or to extend a partial surperstructure already exist- 
ing, or to effect some other changes which perhaps 
alter essentially the character of the ship. If the 
ship is classed as most of them are, she is placed 
under survey during these changes, the alterations 
made are such as to satisfy the requirements of the 
Register Society, and when they are completed the 
vessel’s class is reconsidered or confirmed, and a 
complete record of the work done goes with the 
former records of the vessel into the archives of the 
Register Society. 

Now what we want to point out more particu. 
larly is this—and it is clearly established by the 
above statement of facts—that with classed ships, 
from the first blow struck in their construction to 
the last day they remain classed, there is no mystery 
about them, there are no secrets locked up in their 
owners’ bosoms regarding them. They are con- 
stantly under the eyes of surveyors in no way con- 
nested with or dependent on the owners ; and every 
incident connected with their construction and sub- 
sequent history is known to a committee composed 
of influential shipowners, merchants and under. 
writers, as well as to the surveyors. One result of 
this is that the owners feel more or less secure and 
beyond suspicion, because they know there is a com- 
plete set of documents relative to the construction 
and state of preservation of the ship kept at 
the Register Otfice, which they can fall back upon 
if necessary, and they are glad to be relieved 
of the necessity of keeping such particulars them- 
selves, and of having in case of disaster to 
trust to the evidence of their own paid servants. 
Another consequence is that for a great portion of 
the shipping of the country the owners could not 
supply dencings or particulars of their shipsif they 
were called upon to do so unless they got them from 
the Register Office. They could not obtain them 
complete from the builders, because the latter would 
not be cognisant of much that had been done to the 
ship since she left their hands, 

Sense the Register Society and its staff possees 
a knowledge of classed ships far beyond that of the 
owners themselves, and beyond what is within the 
reach of the Board of Trade or any other Govern- 
ment department. And this makes them essentially 
the body which can arrive with the test ease 
and certainty at the condition of the ship classed 
with them, and can best testify as to their sea- 
worthiness or otherwise at any particular time, or 
under certain conditions. It is also clear that where 
ships are left habitually, as we have shown classed 
ships to be, in the hands of competent and impartial 
professional men, as much bound to study the under- 
writer and merchants as the shipowners, there can 
be no excuse for imposing any other official survey 
on them, as there can be no grounds for supposing 
that such ships are sent to sea neglected, or rotten, 
or unseaworthy as far as structural strength or effi- 
ciency is concerned, 

te meeetang Te fitted to be trusted at all 
—and this can be judged by the degree of public 
confidence it possesses—its certificate of ifica- 
tion should be a sufficient tee to the State 
that the ship possessing it is seaworthy in point of 
construction and condition. 

Of course where the certificate extends, as it 
would, over a certain stated time, an owner or master 
should be held liable to punishment if the vessel got 
aground and sustained ,material damage, and he 
continued to use the certificate while withholding 


this important fact from the knowledge of the au- 
thorities and without calling for a re-survey. Be- 
yond a provision such as this the law need place no 
restriction whatever on classed ships, which in 
round numbers comprise about half the ships in the 
country, and far more than half of the actually 
trading part of our mercantile ing. We must 
defer the question of dealing with unclassed ships to 
another number, 


SEWAGE FARMS. 

AT two recent meetings of the Society of Arts 
the — of legislation in regard to sewage farms 
has been di ed. The result is that a conference 
has been appointed in anticipation of any proposed 
measure that might be introduced during the ensu- 
ing session of Parliament. We are by no means 
sanguine that any — arising from the read- 
ing of the papers and the discussion on legislation 
in respect to sewage farms, will tend to any prac- 
tical result, With respect to the discussion it is 
almost unnecessary to say that the usual platitudes 
in respect to so-called facts, statistics, &c., were re- 
peated ad nauseam. But not a single fact was adduced 
which could lead to a really valuable plan for deal- 
ing with present difficulties. 

The real fact is that all who have yet attempted 
to solve the sewage question by irrigating land have 
had to contend with difficulties incident to the loca- 
lity. Mr. Hope, so energetic in regard to the ap- 

lication of the Romford sewage, on the Breton 

arm, has even, according to his own account, sig- 
nally failed in obtaining the results which, by much 
careful forethought he had reasonably expected, be- 
cause he had neglected to insure the double pre- 
caution of getting both quality and quantity. In 
his hands, with a kind of soil admirably adapted for 
irrigation purposes, he seems to have been utterly 
disappointed. 

In the discussion which occurred at the recent 
meetings of the Society of Arts the sanitary question 
was necessarily most prominent, and the effect of 
sewage irrigation on the production of vegetables 
for human and the lower animals’ use was discussed. 
Bullocks on the one hand and water-cresses on the 
other were adduced in favour or otherwise of sewage 
farming. Mr. Hope stated that the dissection of 
his bullock, fed on sewage grass, showed not the 
slightest ~, ae disease, while he entirely objected 
to use any London produced water-cresses as being 
generally grown from effluent sewage. To a 
certain extent Mr, Smee, the author of the paper 
which originated the discussion, and Mr, Hope 
agreed, that undiluted or badly treated sewage were 
equally productive of evil, 

It is much to be regretted that all these discus- 
sions on the treatment of sewage on farms are 
simply restricted to the almost childish predilections 
of individuals who have a special object to serve. 
Such results show an unfortunate determination to 
prefer theory before fact. An assumption has been 
made thatall sewage is equally capable of identical 
treatment. In “‘ Notes on Sewage” which appeared 
in ENGINEERING some three years ago, we pointed 
out the fallacy of this idea. It is evident however 
that all attempts to persuade sewage doctors on this 
question are of no avail. They have a universal 
doctrine, which they consider of universal practice, 
and from Mr. Hope on the part of the irrigationists 
to the leader of the precipitationists, there is no 
chance of any sensible compromise, still less of the 
exercise of common sense. 

This persistency in idea was well illustrated by a 
—— of the deceased chairman of the Rivers 

oliution Commission, who considered that the 
whole sewage of Halifax might be utilised by pump- 
ing it on to the top of the many hills which sur- 
round that town. Equally unwise are the many 
plans that have been suggested in regard to places 
adjacent to towns surrounded by plain lands, such 
as are found near the banks of the Thames. For 
all practical purposes the banks of that river, and 
nearly every other of our eastern water-sheds, are 
admirably adapted for irrigation purposes. We 
have before us two cases in which from 300 to 600- 
fold of potatoes have been uced on a loamy 
sand soil by careful cultivation, and at Leamington 
we have seen some extraordinary results by means 
of a proper application of sewage and sewage manure 
in regard to turnips, mangold, potatoes, &c., and 
even going so far as uction of grapes. 

But in all these cases the great point involved was 
tbat of a strict supervision by persons highly in- 


structed in practical agriculture, vegetable physio- 














ogy, chemistry, and analogous subjects, Not 














Fas. 4, 1876.] 


ENGINEERING: 


95 





only so, the engineering requirements were carefully 
attended to. Subsoil-drainage, natural and artifi- 
cial circumstances, the chemical constituents of the 
soil, &c., were equally regarded. But as the recent 
discussion on sewage farms, which is to end ina 
general conference on the subject early in the 
spring, must practically end in suggestions for 
future legislation, we cannot but ask how far we 
possess any facts on which such legislation can be 
based. We know that farming, apart from the 
sewage question, is at the present a most uncer- 
tain subject. We depend on the variation of our 
climate involving drought or flood in summer, frost 
or fine warm weather in winter, in fact, an almost 
endless variety of circumstances utterly beyond 
the control of man. During the last few months 
there is scarcely a sewage farm in the kingdom 
that has not been converted into an ordinary farm 
or worse, by means of the floods that have uni- 
versally occurred, The efforts of irrigationists, 
filtrationists, and precipitationists, &c., have all 
been made simply futile because the conditions of 
our insular, geological, and topographical character 
are so peculiar as to defy competition with the de- 
mands of nature, and the consequences of its develop- 
ment in vegetable and animal life. 

But despite all these difficulties we have reason to 
believe that some fresh schemes involving the sub- 
scription or investment of a large amount of 
capital will shortly be’brought out in anticipation 
of measures that must be necessarily introduced 
during the ensuing session. Of course all the old 
schemes will have their advocates, and hence the 
Government will most probably have recourse, early 
in the session, to a Select Committee, should all the 
present promoters of existing sewage plans exercise 
their dividing power as a general one. Under exist- 
ing circumstances we shall not be at all surprised if 
any attempt to legislate on the pollution of rivers 
may be deferred. Of course the irrigationists, 
backed by previous official reports, will have the best 
chance of. carrying the day, and if gga guide 
their plans they deserve success, Yet, with the 
difficulties that appear on allsides, we are inclined to 
believe that sewage farming will be so problematical 
a scheme as to most likely disgrace its adherents, 
and disappoint those who may be inclined to take it 
as the last resource for the disposal of sewage. 





ENGINEERING STUDENTS. 

AN announcement has recently appeared in our 
columns of a series of meetings to be held by the 
students of the Institution of Civil Engineers, to 
which we would revert, as the status of this class 
may not be ‘so generally known as it should be. 
The student class is composed of young men, 
between the ages of eighteen and bape ae years 
of age, in course of training for the profession of a 
civil engineer under members or associates of the 
Institution, who alone are entitled’ to nominate 
candidates for admission. The qualifications of the 
candidate must be certified by the proposer on a 
regular form, for consideration by the Council, by 
whom he is admitted if the recommendation be 
approved. After payment of his subscription, 
which for resident students is two guineas per annum, 
for non-resident students one guinea and a half per 
annum, the student is entitled to the Fags privi- 
leges of the class. These comprise the right to 
attend the ordinary general meetings, the use of the 
library, and the receipt of the volumes of Minutes 
of Proceedings, free of charge, during the time he 
continues to be a student. The only advantages 

ossessed by a member or an associate over a student 
is that the latter has no vote in conducting the 
affairs of the Society, nor is he allowed to introduce 
a stranger into the rooms of the Institution. But 
the student has opportunities which the member 
and associate do not possess. He is eligible to com- 
pete for the premiums or prizes arising out of the 
Miller Fund, and as a matter of fact several prizes 
from this source have been awarded annually for 
papers by students of adequate merit, read at the 
special meetings previously referred to; and as a 
further inducement for exertions in this direction 
the Council have instituted a Miller Scholarship of 
the value of 40/. per annum, tenable for three years, 
out of the annual revenue of 173/. 10s. which the 
fund at present produces. Besides these advantages 
parties of students are occasionally organised for 
the inspection of engineering works to which the 
class is invited by the heads of public departments 
—— firms. The first student was admitted 
on 19th of November, 1867. Since that'time 





six hundred and fifty have been enrolled, of whom 
three hundred and seventy-five still remain on the 
books, while of the remainder one hundred and 
forty-one have become associates, and one hundred 
and thirty-four have resigned, or from various causes 
have ceased their connexion with the Institution. 








CASK-MAKING MACHINERY. 

ALTHOUGH for many years a great number of ma- 
chinés for the manufacture of casks have been 
designed and employed more or less successfully, 
and although two or three establishments are in 
operation for the production of casks by machinery, 
the industry is still practically carried on by hand, 
and the introduction of complete mechanical ap- 
pliances still appears to be resisted by the conserva- 
tive cooperage trade. The immense demand for tight 
casks, and the difficulties too often experienced with 
the workmen, have lately led to more attention 
being paid to this branch of industry, and. Messrs. 
A. Ransome and Co. have just finished a complete 
plant of special tools with a capacity for manufac- 
turing 2000 pipes of 114 gallons each, week. 
We shall at a future time publish drawings of the 
most interesting of these machines; on the present 
occasion we propose to notice rman: frag various 
—— through which the materials have to pass, 

rom the time they are delivered in the factory, 
until they are sent from it as finished casks. 

The oak for the staves is imported riven either 
in lengths of about'6 ft. by 6 in. by 4 in, or in the 
form known as single staves, reduced approximately 
to the thickness required. The first operation upon 
these timbers is that of cutting them into the proper 
lengths upon a cross-cut saw frame, carrying two 
circular saws placed at the proper distance apart. 
Between them is a gap in the table of the machine 
in which slides a bracket, on which the timber is 
placed and fed forward to the saws. The lengths are 
then taken to the band saw employed for cutting 
them upinto staves. There are three methods of doing 
this. For making “ slighthogsheads” the timber is cut 
into three parts, as in Fig. 1, the saw following 
the inequalities in the thickness of the riven timber. 
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For stronger casks known as ‘‘ tonguers” the wood is 
cut only into two parts, as shown in Fig. 2, in 
which case the piece cut away from the centre is 
used for headings; while for those casks called 
‘‘ doublets” the staves are cut as shown in Fig. 3, 
the short pieces at the ends being afterwards 
cut off. In order to cut the staves so as to follow 
the irregularities in the grain, a curved piece of 
hard wood is attached to the side of the fence in 
such a position that the timber presses tangentially 
against it, and obtains thus the requisite freedom 
of motion. From the band saw the staves are 
taken to the backing machine, in which the outer 
sides are planed to the necessary curvature. In 
connexion with this operation, it may be mentioned 
that the centre of the stave in the direction of its 
length is left uncut in order to save wood, it being 
a principle of cask-making that a line of untouched 
wood or ‘‘ witness” be left on each stave, The 
tool is a moulding machine with cutters formed to 
the proper curve, and it is furnished with very 
heavily weighted feed rollers to prevent any slipping 
of the work in passing through. The staves also are 
kept in their proper position by springs against the 
fence, so that the cuts may be always fair on each 
side of the stave. The rate of feed in this machine 
is about 25 ft. a minute. From the backing machine 
the staves are taken on to the jointing machine, of 
which two kinds are included in the plant under 
consideration. One of these is adapted for cutting 
the greater number of the staves, and the other is 
specially adapted for such as are unusually irregular 
in sha The former is a large heavy machine 
with a long narrow feeding table, the top of which 
is slotted in the direction of its length and curved 
to the outline of the backed stave. In the slot of 


the table an endless chain traverses, furnished with 
dogs at certain intervals. The staves are fed con- 
tinuously upon the table and carried forward by 
the chain towards the cutters. Previously, how- 








ever, they are accurately centred, means of a 
cediblachelomeed lever placed at the side of the table 
and actuating two many which advance on 
both sides towards centre of the 

move the stave to the right: or left until it is ex- 
actly central. It then passes under heavy feeding 
bars and is subjected to the action of the cutters, 
which at the same operation give the ‘ bulge” to 
the stave, and the bevel to the sides, which is re- 
quired to make a true joint. To effect this latter 
operation the cutters are placed w spindles 
mounted on a hinged frame, the hinge being exactly 
over the centre line, and representing the centre of 
the cask, The cutter spindles diverge from this 
point equally on each side, so that the cutters form 
a bevel joint on each side of the stave, arrangement 
being made for quickly adjusting the angle of the 
cutters to suit different widths. order to produce 
the ‘‘bulge” at the same time, the whole of the 
cutter frame is left free to slide vertically upon the 
main frame of the machine, the degree of movement 
being regulated by means of cams driven by the 
main shaft. For different lengths of staves different 
cams are employed, as it is obvious that the cutters 
must be in their highest position, that is at their 
— of greatest divergence, at the centre of the 

ength of the stave. 

The second jointing machine above alluded to, 
is not capable of turning out so much work, but is 
specially adapted for jointing irregular staves. These 
are placed on the feeding table, centred by means of 
fingers upon bars on each side of the table, and 
actuated equally by toothed quadrants, and then 
held down forcibly in position by a pressure plate 
actuated by ascrew. ‘The stave is then fed forward 
between the inclined cutters, the angles of which can 
be altered at will, while the bulge is given, not by 
means of cams, but by a curved template placed on 
both sides of the moving frame. On the top edge 
of each of these templates runs a roller connected to 
the cutter spindle, so that as the frame advances the 
cutters are lifted and mould the stave to the form 
described by the template. The succeeding opera- 
tion is that of hollowing the inside of the stave, 
which is done in a. machine somewhat resembling 
the first described jointing machine. The staves 
are fed in by means of a chain and dogs, and brought 
under the cutter, the height of which is controlled 
by means of cams driven off the main shaft. These 
cams are so set that the cutters reduce the stave 
most at the centre, and gradually decreasing until 
they are quite free at the ends of the stave which 
are left of their full thickness. 

Turning now to the manufacture of the heads, we 
find that several distinct machines are required in 
their construction... The pieces of which the heads 
are made are selected from the shorter and more 
crooked pieces of timber, not serviceable for staves, 
or from the waste pieces which are left in cutting 
out the heavier staves asalready mentioned. These 
short lengths are first cut up into suitable thick- 
nesses by a circular saw, the edges are then turned 
up, and _ holes drilled at intervals to receive: the 
square pegs of ash of which the dowels holding the 
different poses together are formed, It be 
mentioned here that in joining up the different pieces 
composing the head, it is the custom to place a-reed 
in each joint to make it perfectly tight, but this 

recaution appears unnecessary in the heads made 

y the machinery we are describing. Three or 
four of the boards are thus fastened together 
forming an area from which the head may be cut, 
and they are brought back to the band saw, to 
the table of which a special appliance is attached for 
the purpose. This consists of a radial arm, aes 
at its inner end a vertical spindle on which is 
mounted a horizontal disc free to turn, and having a 
few spikes placed on the underside to hold the head 
in position as it is being cut. The arm is free. to 
swing around the spindle at the side of the table 
upon which it is mounted, but on arriving at a certain 
position a pin retained by a spiral spring drops into 
ahole in the arm, and locks it. On the heading 
board being placed under the disc and held securely, 
the wood is advanced to the saw blade, which euts 


arm begins to revolve, eae it the heading 
boards, out of which a ci piece, 

larger than the finished size, is quickly cut, These 
octane! end.pumed.thoongh iy. secclstagintenaal 
machine, an thro it, receiving a. 
finish on one side, the under side being left un- 
touched, as any slight inequality due to 
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larity of thickness in the different boards of which 
the head is composed being of no consequence, The 
machine in which this is done is in fact a modified 
panel-planing machine, with one long cutter under- 
neath, and a sufficient number of heavy-weighted 
toothed rollers to press on each separate piece of 
the head, so that it may be fed through evenly, and 
not be strained at the dowel joints. The heads 
are now ready for the final process of bevelling 
and ovalling, for it is necessary that they should 
not be cut circular on account of the com- 
pression in one direction of the fibres of the 
wood, This bevelling machine is extremely effi- 
cient and well designed. The head is carried on 
a horizontal disc, which is lined out to guide the 
workman in putting them in the right direction, A 
corresponding disc with pointe in the under sur- 
face is brought down upon the top of the head and 
holds it fast. The head is centred by means of 
two rollers running in brackets attached to the 
frame and held in position by springs which yield, 
as the oval head revolves and presents its greater 
or lesser diameter. The carrying disc is caused to 
revolve by means of a worm on the main shaft, which 
transfers its motion to a worm wheel on the vertical 
shaft of the disc. On the same shaft is a bevel 
wheel, which drives a similar wheel on a shaft carry- 
ing an eccentric, from which a link extends, and 
gives the requisite motion for producing the oval, 
to the sliding frame carrying the cutters. These 
cutters, which are driven at a very high speed, are 
mounted on a vertical shaft, and on the same block 
are three pairs, one for trueing up the head, and the 
others for cutting the upper and the lower bevel 
respectively. Of course, means of adjustment are 
provided for regulating the amount of ovalling, the 
angle and width of bevel, &c. ‘The heads are now 
completed, and the staves are also ready to be built 
up. We must here refer, however, to two little 
tools for rounding and punching the ends of the 
hoops, and for giving them the necessary de 

of flare to fit exactly the bulge of the cask. One of 
these is simply a combined punching and shearing 
machine, containing a semicircular shearing blade, 
which rounds off the end of the hoops at the same 
time that two punches descend and cut out the 
holes to receive the rivets. The other tool is pro- 
vided with two diagonally fluted) hard steel 
rollers placed in such a way that on passing the 
hoop through them, it is flared out to the desired 
angle and all handwork is thus avoided. 

Returning now to the assemblage of the parts 
forming the cask. The requisite number of staves 
are brought together, their lower ends resting on a 
large circular plate, and the upper ends bearing 
against a smaller disc of the same diameter as the 
head, and which is carried on a vertical spindle 
attached to the centre of the bottom circular plate. 
When the staves are thus grouped, a truss or tem- 

rary hoop is slid over them, the upper disc is 
owered, and the whole is removed to the steaming 
chamber, where it is exposed to the action of the 
exhaust steam from the engine for a short time. 
It is then removed and brought to the close truss- 
ing machine, in which all the staves are forced 
together, bent into shape, and the joints closed up 
so as to make them quite tight. This machine 
consists of a standard at one end and a large cast- 
iron socket at the other, of the same size and 
turned to the exact contour of the cask, with the 
exteption that three recesses are formed in it, in 
which three truss hoops are placed. The frame 
and socket are connected by horizontal circular 
bars, which serve asa guide for a movable cast-iron 
head, caused to advance with a fast as well as a 
slow motion by a screw driven by suitable gearing. 
The staves held together by the truss hoop as 
already described are lifted into the machine, the 
closed end resting in a recess in the moving 
head, and the other being placed in the mouth of 
the socket, which is enl to recsive them, As 
the screw advances with a quick motion the staves 
are gathered together and gradually forced into the 
socket, the slow motion being at last applied to 
hly into contact. The truss 
hoops take their upon the cask and are 
removed with it when it —_ the or . ee 
permanent hoops are then driven u e an 
the truss hone’ removed. One’ final operation 
remains to be described, that of chiming and 
crozing—cutting the grooves to receive the head, 


force them thoro 


and bevelling off the outer of the staves. 
The machine in which this is ormed is a large 
one, and consists of two ring chucks of sufficient 
diameter to receive the ends of the cask, One of 
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the chucks in a travelling frame is run back fora 
sufficient distance, and the cask rolled up on to the 
bed of the machine, the chuck is then returned, the 
cask is held tightly and caused to revolve mane wes | 
gearing consisting of a spur wheel around 

chuck driven by a pinion below. The cutters, 
which can be trave in two directions, are driven 


at a very high — and cut both the bevel and 
groove, while the cask is ao one revolution, 
After this nothing remains to be done but driving 


in the heads. 

The machines such as we have described them 
form a very complete and efficient plant, and leave 
nothing to be desired both as regards design and 
efficiency. It is intended for Oporto, and will be 
put in operation there without delay. 





NOTES ON TORPEDOES.—No. III. 
CircuitT-CLOosERs, 

Tue efficiency of electrical torpedoes must neces- 
sarily depend on the self-acting arrangement 
employed for closing the electrical circuit when the 
buoy enclosing the mechanism is struck by a passing 
vessel, ‘To contrive an efficient apparatus for 
effecting this has in consequence been the chief aim 
of those inventors who have given special attention 
to this branch of electrical science. 

But although, as we have remarked, the circuit- 
closers have monopolised the greater share of 
attention, the various appliances appertaining to 
them and requisite for their perfection as a means 
for bringing about the explosion of submarine 
charges, have not been neglected, as the elaborate 
instruments in present use sufficiently testify. 

The exhaustive series of experiments which were 
instituted by the Government and carried out in 
the Medway, with a view of ascertaining the merits 
or demerits of the relative circuit-closers invented 
by Professor Abel and Quartermaster-Sergeant 
Mathieson, afforded marked proof of the superiority 
of an arrangement employing no exterior mechanism 
over that which necessitates the use of external 
appliances for communicating the blow of the ship 
to the internal apparatus. 


Fig .7. 























The form of circuit closer employed by Professor 
Abel during these experiments is shown in the 





it is not the best 
it stands giving 
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it a clumsy appearance, but it possesses the advan- 
tage over those previously invented and experi- 
mented on by him, of enclosing a water-tight chamber 
for supplying the requisite buoyancy, 

The general electrical arrangement is similar in 
character to Professor Abel’s earlier circuit-closers, 
the electric chamber being formed by a fixed brass 
cylinder ing vertically through the centre of the 
vessel. W ithin this cylinder, which is left open at 
both ends, a movable brass tube extends vertically 
through the entire length, its lower extremity 
working upon a universal joint, while the upper 
end De om through the top of the vessel and is 
attached to a strong teakwood disc resting upon 
the outer case and projecting slightly beyond its 
rim. Encircling the upper extremity of the brass 
tube, is a thick india-rabber ring which serves to 
hold the whole combination rigid, and by its 
resistance varying with its thickness regulates the 
force which must be used to close the electrical 
circuit by reducing the distance between the 
contact points. 

Referring to Fig 1, I is the wood jacket con- 
structed of well seasoned timber, cut into segments, 
dowelled ther and bound with wrought-iron 
hoops on and secured by means of coach 
screws; J is a portion of the a tus which 
protrudes below the enclosing vessel, K K K are 
three iron legs or feet to which is attached a three- 
legged mooring chain; G is the wood disc for 
receiving the concussion of passing vessels, and H | 
the hoisting ring. 

The closing of the circuit is accomplished by 
attaching to the wu end of the movable brass 
tube an ebonite collar, which serves to insulate a 
copper band encircling it; this band is separated 
by a small space from a corresponding metallic ring 
attached to the fixed tube, but insulated from it by 
means of a collar of ebonite. 

At the lower extremity of the cylindrical chamber 
two insulated wires are introduced, one of which is 
soldered to the copper ring surrounding the 
movable tube but insulated from it; and the other 
is connected in a like manner to the insulated brass 
ring attached to the fixed cylinder. This arrange- 
ment may be better understood by reference to 
Fig. 2, which represents a section of the electric 
chamber showing the contact rings ; A is the fixed 
cylinder, B the movable brass tube, E D the 
heute collars, C, F the metallic rings, and X X 
the insulated wires. 

It will from this be easily understood that a 
blow imparted to the edge of the external teak disc 
would be transmitted to the movable tube B, by 
which means the metallic rings F G would be 
brought into contact and the circuit at that point 
cl 

The principal demerit of Abel’s circuit-closer is 
its inability to fuse platinum wire with uniform 
success. And in addition to this the necessity of an 
external appliance for communicating the blow of 
the ship to the interior —— marks it as much 
set cigesal Opin a La 

vantage origina aptain C. sep 
employing no external. mechanism to set the 
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WEIMER’S CHARGING APPARATUS FOR BLAST FURNACES. 
CONSTRUCTED BY MESSRS. WEIMER AND BIRKENBINE, ENGINEERS, LEBANON, U.S.A. 
(For Description, see following Page.) 
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apparatus in action, while its liability to get out of 
order is alone sufficient to justify its non-adoption. 
On the whole we are inclined to think that the 
only feature of merit which the invention possesses, 
is the employing of a water-tight chamber for sup- 
plying the requisite buoyancy, entire dependence on 
wooden bodies for this purpose having proved objec- 
tionable in practice, from their liability to become 
water-logged after having been in use a few 
months. Fig. 3 represents a plan of the Austrian 
circuit-closer, which, although objectionable from 
the employing of external appliances for actuating 
the interior mechanism, is superior as regards its 
circuit-closing] ar to the one designed by 
Professor Abel. e circuit-closing arrangement 
consists of a nave turning on a fixed centre, 
and fitted with a series of arms equal in number 
to the external buffers A A A, with the plungers 
of which their extremities make contact, the 
arms being so arranged, that the striking of any 
one of the buffers, and consequent forcing of the 
plunger into the interior, communicates itself to the 
nave by means of the arm corresponding to the 
buffer struck, thereby causing it to revolve through 





a fraction of a circle, and thus abridge the distance 
between two contact points placed near the centre 

| of the apparatus, and so closing the electrical 
eircuit, 





The mechanism .is, rendered self-adjusting by 


P 


As far as we have been able to learn, the experi- 
ments made with this circuit-closer by the Austrian 
Government have been fairly su ul, But how- 
ever the result obtained may appear, the 
necessity for employing external machinery for com- 
municating the blow of the ship to the interior 
apparatus marks it as objectionable, and much in- 
ferior to that class of circuit-closers which, having 
no exterior appliances, are capable, like McEvoy's 
cheap and simple contrivances and Mathieson’s 
more elaborate and costly apparatus, of being en- 
closed in a buoyant chamber of any shape and any 
material. 

Captain C. A. McEvoy’s circuit-closers have been 
fully described by previous writers on the subject, 
and are in consequence pretty generally understood, 
we shall therefore make our description of them as 
brief as possible. Each of these cheap little con- 
trivances possess the merit of great simplicity. They 
have, as already stated, no external mechanism, and 
are furnished with air-tight chambers to impart 
adequate buoyancy. His circuit-closer, patented 
1871, consists of a brass tube 1 in. in diameter, at 
the upper extremity of which the apparatus occupies 
a length of about 4 in.; in this space.an ebonite 
cylinder is fitted, plugged atits lower end; through 
the plug is fixed a wire spring carrying a metal ball. 
At the upper end of the inner surface of the ebonite 
cylinder, a metal ring is let in, so as to partly sur- 
round the metallic ball, a thin metal bridge crosses 
the upper end of the ebonite cylinder, and is 
in constant contact with the ball, so long as 
the spring and ball remain in a central position, 
but on being disturbed by the concussion of a pass- 
ing vessel; the ball is thrown from its central position, 
and makes contact with the surrounding metallic 
ring, resuming its original position immediately. 
The method of connecting up this instrument for 
service is very simple, and may be easily explained. 
An insulated wire leading from the electric battery 
on shore, is attached to the fixed end of the spring 
carrying the metal ball; electricity will thus flow 
through the spring and ball, along the metallic bridge 
to the outer metal tube, and so to the outer iron 
case of the vessel, which serves for earth. This 
arrangement furnishes a constant test for insula- 
tion, : 

To cause the ignition of a charge, a second in- 
sulated wire is used, one end of which is attached to 
the insulated metal ring surrounding the metallic 
ball, the other extremity being attached to the 
electric fuse. The current of electricity in this case 
would, on the concussion of a vessel throwing the 
ball from its central position against the insulated 
metallic ring, be diverted from the bridge to the 
metallic ring, through the fuses to earth, and so 
explode the mine. 

McEvoy’s second circuit-closer, in which the 
closing of the circuit is effected by the canting of a 
conical weight, occupies a slightly increased space. 
Asin the case of his previous invention, the apparatus 
is enclosed in a cylinder placed in the upper end of 
a brass tube; the base of the conical weight rests 
on the bottom of the cylinder, through which a 
spindle passes, and is pressed up against the weight 
by means of a spring. Attached to the spindle, 
but insulated from it, is a strip of metal held down 
by the conical weight, out of contact with two metal 
tongues, to which are coupled two insulated wires, 
one of which is attached to the cable leading to the 
electric battery, and the other to the outer iron case 
(or earth), 

When the vessel is struck with sufficient force to 
incline it beyond a certain angle, the conical weight 
is momentarily tilted over, relieving the spring, and 
allowing the spindle to rise until the strip of metal 
makes contact with the two metallic tongues, thus 
completing the circuit. 

McEvoy’s third circuit-closer, by reason of its 
extreme simplicity is a | adapted for use in 
all kinds of electro-mechanical torpedoes. It con- 
sists of asmall ebonite cylinder fitted with a metallic 
cap, to which is attached one pole of the battery. 
The ebonite cylinder is partly filled with mercury, 
which is in electrical contact with a metal pin pass- 
ing through the base of the ebonite cylinder, and 
in connexion with the other pole of the battery ; 
the circuit is completed by a blow jolting the 
mercury into contact with the metal cap, 

We understand that in addition to the mercury 
circuit-closer which we have described, Captain 
McEvoy employs another arrangement in which 
the closing of the circuit is also effected by 





means of suitable springs, which also serve to 
the whole combination rigid while at rest, 





the agency of mercury, A sectional elevation and 
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plan of this contrivance is shown in the illus- 
tration, Figs. 4,5. It consists of a brass cup A, 
made with a screw projection for securing the 
apparatus to the upper end of a brass tube similar 
to those already described as —— 
previous circuit-closers. B is an ebonite cap fitted 
with a brass terminal C, to which is connected one 
pole of the electric battery, the other being put to 
earth. ‘To the lower extremity of this terminal two 
metal tongues DD are soldered, their tips being 
separated by a small space from the mercury E con- 
tained in the brass cup A. 








It is obvious that when the torpedo is struck, the 
surface of the mercury becoming agitated would 
make contact with the metal tongues DD, thus 
completing the circuit, the current of electricity 
flowing from the battery along the insulated wire 
to the terminal C by the tongues D D, to the mer- 
cury E and cup A dene the brass tube to the out- 
side of the iron vessel to earth. The ends of the 
tongues D D should be platinised in order to insure 
as perfect a contact as ible, unplated copper 
being objectionable from its liability to corrode. 

A design for another mercury circuit-breaker is 
given in our illustration, Figs. 6, 7. It consists 
of a metal cup A containing the mercury and fitted 
with an ebonite cap B, into the centre of which a 
metal pin C is secured, to carry the contact-breaking 
disc shown in section at GD. Ehbonite arms, E E, 
project from an ebonite boss, these arms serving 
to insulate from each other the metal bridges D D 
D, turning on a swivel joint at J. K KK are 
platinum contact points, and L L' two insulated 
wires in connexion with the opposite poles of an 
electric battery, It will be easily understood that 
when one pole of a battery, the other pole of which 
is put to earth, is connected with the insulated wire 
L’, the current will travel from K to K by means of 
the conducting wire M, employed to unite each two 
contact points separated by the ebonite arms E, 
and traversing the intermediate space by means of 
the metallic bridges D D D, would flow to the in- 
sulated wire L* and so to earth, When the vessel 
enclosing the apparatus is struck by any hard sub- 
stance, the mercury I is jolted against one or more 
of the metallic bridges, momentarily raising it out 
of contact with the contact points K K and so break- 
ing the circuit. : 

As a portion of the mercury would in all proba- 
bility escape into the upper cell during the action 
of the instruments, two small ports are provided at 
G by which it may be returned again to the lower 
cell 


I 


c 


2 








It is obvious that the apparatus jest ‘described | 
could be inclined until its vertical axis assumed an | 
horizontal position without breaking the circuit, for | 


metal bridge or bridges, it would flow in and establish | 
mercurial connexion between the points KK. Of) 
course this could not occur in any case of concussion 
with passing ships, the vibration of the apparatus 
and inclination at which the contact points are set 
obviating all possibility of it doing so, even were not 
the mechanical action set up in the instrument by 
concussion totally different to that produced by the 
rocking motion of the waves. 

Figs. 8, 9, illustrate again another form of mer- 
cury circuit-closer, The closing of the circuit in 





ployed in his | base 


secured together, but insulated one from the other 
by means of a strip of ebonite, and is provided with 
a narrow ledge running round the interior of the 
rim, in order to prevent the mercury that had been 
thrown into the receiver by the concussion of a ship 
being again ejected by the recoil, It is apparent 
that so long as any mercury is contained in the 
receiver, the small insulated space between the two 
metallic sections would be bridged over and the 
circuit closed. 


rence to the sketch, A is an ebonite cup fitted with 
a cap B, also of ebonite, C the 
position by the conducting wires E E connected with 
the terminals D D, and G is the mercury, which 
may either be contained in a vessel of the form shown 
in our illustration, or as represented by the dotted 


ment not be struck with sufficient force to jerk the 
mercury into the receiver, the closing of the circuit 
would still be effected, tho 
contact of the m 
form of cell shown by the dotted lines be employed, 
it will be ne 
external surface of the receiver, in order to prevent 
the closing of the circuit bein 
the rocking motion imparted to 
the action of the waves. 


constructed to act as breakers or closers of the cir- 


removing a 
washer to the conical weight, or a small cup to the 
mercurial machine. 


teenth volume) we illustrated and described an arrangement 
of “ feeler” for bearings, designed by Mr. Stephen Alley, of 


arrangement whereby the melting of a plug of hard lubricant 
caused by the heating of a bearing allowed a spring to drive 
a hammer and make a number of strokes on a bell, thus 
calling attention to the fact that the bearing had become 
heated. This arrangement acted well, and was successfully 


attendants are often absent from the engine rooms, &c., an 
alarm continuing a longer period was desirable. 
Mr. Alley to design the modified arrangements we illustrate 
on page 96, in which the alarm is given by a tapper fixed 
to the revolving shaft striking against the clapper of a 


as the mercury by reason of its weight raised the | bell. This bell, as will be seen from the engraving, Fig. 
1, is hung from the end of a lever which is supported in 


side of a hollow spindle which rests on the top of a hollow 
fusible plug A, inserted in a casting which can be screwed 
into the top of the bearing. The plug A is made of hard 
lubricant, and on its melting the hollow plunger on the 
spindle c falls, thus lowering the bell so that its clapper is 
acted upon by a wooden striker fixed to the revolving shaft. 
When the plunger c falls the glass globe containing oil falls 
with it until the collar @ of its mounting comes into contact 


arrests the further fall of the globe, and the plunger ¢ con- 


this instance is accomplished by the concussion of a 
vessel jerking the mercury into a small receiver, 
from which it returns again to its original position 
through a small hole pierced in the centre of the 
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The receiver is formed of two metallic sections 


The apparatus will be easily understood on refe- 


receiver, held in 


ines. 
Should the buoyant vessel enclosing the instru- 


less perfectly, by the 
with its exterior. But if the 
to insulate the whole of the 


5 Boers. ge about by 
oyant objects by 


Captain C. A. McEvoy’s circuit-closers are each 


uitas desired. This is accomplished by adding or 
spring to the spring ball instrument, a 








ALLEY’S BEARING FEELERS. 


Near.y eleven months ago (vide page 120 of our nine- 


8, Renfield-street, Glasgow. This “feeler’’ consisted of an 


pplied on shipboard ; but for mills and factories, where the 
This led 


raised position by resting on a knife edge formed at the 


ith the tubular part 6 of the main casting. This 


, peansing 


tinuing to {fall, parts the conical joint shown, and allows 
any) oil that may be in the glass globe to flow 
down iat once through the holes d on to the bearing. In 
Fig. 2 the arrangement for discharging the oil just described 
is omitted, and the arrangement simply gives an alarm on 
the bearing heating and melting the plug A. 

The third arrangement shown by Fig. 3 differs from 
the others inasmuch as no fusible plug is employed, but the 
alarm is brought into action by the heating of the bearing 
expansion of mercury or other fluid confined in 
the er d, this expansion forcing up the plunger ¢ 
and ‘so‘depressing the bell. A modification of this arrange- 
‘Ment has been designed by Mr. Alley as a “ feeler” for use 
on the bearings of marine engine connecting rods or other 
moving parts. In this case the alarm bell would be fixed 
to the framing of the engine; and the end of the plunger c 
would be allowed to project through the cup When 
forced outwards by the expansion of the fluid this pro- 
jecting part would come inte contact with the bell strik- 
ing it at each revolution. In such cases the confined fluid 
has. anadvantage oyer the composition plug inasmuch as it 
does not require to be renewed each time the apparatus is 

tt into action, and thus there is no necessity for 


the 
that numerous important fires in mills have 
originated in hot bearings, Mr. Alley’s “ feelers” are well 
deserving of the attention of millowners, and we hope to 
see them extensively used. 


BLAST FURNACE CHARGING APPARATUS. 

In the United States as in aaa advantages 
derived from working blast furnaces with closed tops are 
being aly » and on 97 we give illustra- 
tions showing t of ing ap tus, in- 





an 

P. L. Weimer, by Messrs. 
Weimer and Birkenbine, furnace engineers, of 
Pennsylvania. 
lan the tunnel head of the pusmnee Be 
, the 


According to this 
fitted with the usual form of bell, hopper, and lip-ri 
lower part of the bell and the bottom of the lip-ring being 
turned off so as to make a tight joint. On the top of the 
hopper is placed an iron cover, provided with three or more 


openings (the e vin; ; openings), which can 
be closed at will 4 siding rod supporting the 
bell passes thro the top cover, and is attached to 


one end of a beam, which is. rted upon a casting of 
sufficient strength, i cylinders, one horizontal 
and the other i necessary ports, &c. The 
piston in the hori - uder is connected by means of 


spe and rods with a revol plate on top of 
cover, to which the doors are atiached, These doors 


are hung on hinges, so that in case of sive pres- 
sure they will we it may at some toad be desired to 
lift one or the of them. The piston im the vertical 
cylinder is connected me An piston rod with the end of the 
ee cue ich the bell is " 

Fig. 1 on page 97 represents the and the 
hopper ready for its charge, which is d by means of 
the usual charging barrows dum the open 
doors. When the charge is to be attendant 


left-hand lever} shown m Fig. 1, which, 
m into the horizontal cylinder, causes the 
the cover to revolye and Garry the doors 
i 4 small safety valve 
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the cover acting as a guide. r 3 
When the is in jplace the leftshand- lever, Fig 1, is 
raised, which causes the doors to open. Fig. 2-is a view 
of the apparatus with the bell er and the doors 
closed ; it also shows the opposite side of the supporting 
casting. The geno can be operated by steam, air, or 
water-power, and can readily be removed im case any 
repairs are nece at the tunnel head. Special pro- 
visions are made to obviate difficulty when a falls into 
the furnace or accidents occur. The only which escapes 
is, obviously, so much as can be contained within the space 
between the bell and the cover—a very smallamount. Mr. 
Weimer states that with the usual mode of dropping the 
bell a fair approximation of the daily waste of gases from a 
moderate sized furnace would be from 60,000 to 100,000 
cubic feet, a quantity which is surely worth utilising. This 
apparatus also obviates the necessary c in tempera- 
ture and pressure, which must follow the opening of the 
full area of the tunnel head every few minutes. The 
arrangement we illustrate has, we understand, been applied 
to a number of furnaces in the United States. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Reduction in the Price of Coal.—Yesterday many of 
the coalowners and merchants of the district lowered their 
rices by about 1s. to 1s. 9d. per ton. The demand has not 
‘or some time been at all up to what it usually is at this 
time of the year, so that the output is above the re- 
quirements of the market—hence the reduction. . 
however, is unchanged at 18s. to 19s. for local and 22s. 
te 24s. Durham. 


Proposed Reduction 
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John Brown and Company, and Charles Cammell and Com- 
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pany, Sheffield, were asked to accept a reduction from 
their present payment of 10s. per ton for puddling, and 
proportionately in other processes. e men to 
accept any drop, and it is, therefore, understood that the 
employers have abandoned their intention of lowering 
wages. . 

Railway Wagon Company’s Operations.—The direc- 
tors of the Parkgate on Company (Limited) have 
paid dividends for the six months ending Nov. 30th, 1875, of 
5s. per share on the first issue, 3s. 4d. per share on the 
second issue, and 2s. per share on the third issue. The 
new works of the concern at Sandiacre are now said to be 
in operation. The half-yearly report of the North Central 
wees Company states that the stock has been increased 
by wagons and the rental by 53351. during the six 
months. Out of the profits, amounting to 93781., a divi- 
dend of 10 iper cent. with 4 per cent. bonus is recom- 
mended, the reserve fund thereafter being a ented to 
59221. The British Wagon Company (Limited), Rother- 
ham, has invested 25,1851. in the purchase of 451 wagons, 
and 56 have been redeemed, leaving the stock at 4560 wa- 
gons. The net profit made has been 38471., out of which 
the customary dividend of 10 per cent. with a bonus of 14 
per cent. is recommended to be paid. 


Dynamite Operations at Blast Furnaces.—For some 
time past one of Messrs. J. Brown and Co.’s blast furnaces 
at Sheffield has been losing iron, and it had at last to be 
stopped and blown out. The iron was then found to have 
got through the concrete bottom of the furnace and that 
there was a ma&s of nearly 200 tons of iron in its place. 
Efforts were made to break this solid mass up by means of 
powder, but ineffectually, so that resort has now been had 
to dynamite. This powerful explosive has already dis- 
lodged about half the block, pieces of eight to ten tons 
being blown off at each shot. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron’ Market.—There has been a marked 
decline in the price of pig iron since last Wednesday. On the 
following day only a small amount of business was done, the 
price paid being 63s. 10}d. for a lot of 500 tons, the market 
closing sellers over at that price, buyers offering 63s. 9d. 
The only business done on Friday was 1000 tons—one lot 
at 63s. 10}d. cash, and another at 64s. one month fixed. 
The afternoon quotations were sellers 63s. 9d., buyers 
63s. 74d. On Monday forenoon the market was decidedly 
flat, and only a moderate amount of business was done at 
63s. down to 62s. 74d. cash. Subsequently there was an 
improvement and 62s. 104d. was paid, the market closing 
with sellers, and buyers offering 62s. 94. The market was 
steady in the afternoon, buyers 62s. 9d., sellers 63s. ; but 
the demand for all kinds of iron was exceedingly small, and 
it was abundantly evident that prices were ] ig- 
ing downwards. Flatness was again the order of the day 
yesterday forenoon. Only a s amount of business was 
done, the — being 62s. 3d. to 62s. 4$d. cash, the market 
closing sellers at the latter, and buyers at the former 
price, 62s. 9d. one month was also paid. No business was 
reported in the afternoon, and the nominal prices at the close 
were—buyers 62s. 3d., sellers 62s. 44d. cash. There was little 
doing in the market this forenoon, but prices advanced some- 
what. The opening price was 62s. 6d. up to 62s. 9d. cash 
paid, and the closing quotations were—sellers at 62s. 9d., 
buyers offering 62s. 7}d. ; business was also done at 63s. 14d. 
one month open. In the afternoon the market was almost 
idle and a quiet business was done at 63s. 14d. one month 
open, closing buyers 63s., sellers 63s. 1}d. The following 
reductions in the quotations for makers’ iron were an- 
nounced yesterday : Coltness No. 1, 2s., No. 3, 1s. per ton; 
Messrs. Merry and Cuninghame’s Carnbroe and Glengar- 
nock brands 1s. per ton all round. The price of warrants 
touched 66s. 6d. on the 11th of last month, and the closing 
price was 62s. 7}d., the fluctuations amounting almost to 
4s. within the month. On the 3lst ult. there were 62,376 
tons of pig iron in Messrs. Connal and Co.’s stores, being a 
decrease of 923 tons during the month, with warrants in 
circulation for 48,800 tons. Last month’s shipments 
amounted, to 5746 tons as against 10,988 tons in the cor- 
responding week of last year. 


The Malleable Iron Trade in the Motherwell District.— 
During the past twelve months work has been very scarce an 
partial at the various malleable iron works in Lanarkshire. 
The absence of orders for shipbuilding materials caused a 
number of the large plate mills to stand idle for a long 
time, and a number of the best workmen left the country, 
some emigrating rt Aegetien, pute Pog who ged tn 
earning wages at the rate of 15s. a-day, being obli to 
work as labourers. Puddlers and shinglers have also had 
a very bad time of it of late, being able only to obtain a few 
shifts in the fortnight, and as a sign of the extreme dulness 
in the iron works, all the men were working under an 
agreement of one day’s notice. It is, however, a subject 
for congratulation that this state of matters is gradually 
passing away, and another season of comparative prosperity 
is anticipated im this important industry. It is stated on 
good authority that a revival of trade has already in 
a number of the malleable iron works in the county. At 
Mossend Iron Works (Messrs. Neilson and Co.’s), one of 
the largest works on the Clyde, the large plate mills and 
various forges and furnaces, which had been idle for up- 
wards of —- months, have been started, and the works 
are now in full operation, close on 2000 hands being em- 
ployed. On Saturday a notice was posted up in the works, 
announcing that fourteen days’ notice would be given and 
taken infuture. The Clydesdale and Milnwood Iron Works, 


Occupied respectively by Messrs. Bain and M‘Corkindale, 
and Messrs. Robertson and Ayton, are also briskly at work, 
and the manufacture of iron is going on in all its branches. 


Tron Works (Mr. Colville’s), are also busy, 
and double shifts are kept continually going. Inthe Mother. 


well Iron Works, belonging tothe Glasgow Iron Com: . 
the improvement is not so manifest, a number of pty sal 
mills jap. barr but the mannfacture of iron other 
than for shipbuilding is going on in all-its branches. 

The Scotch Blast Furnaces.—Another blast furnace has 
just been added to those already in operation, one having 
| oe blown in last week at the works of the Summer- 
lee Iron Company, Coatbridge. This furnace is another 
illustration of improvement displayed by that company 
during the last few . There are now 117 in blast as 
against 118 at the same time last year, 

Contracts.—The Glasgow Corporation Water Committee 
have just taken in tenders for the cutting of trenches and 
the laying and jointing of about 4500 yards of cast-iron 
pipes, varying from. 42in. down to 4in. in diameter, for 
the river supply works, — with the fixing and joint- 
ing of quer aeaiten ves, &c. Tenders are asked by 
the Dundee Harbour Trustees for the construction of a 
footpath swing bridge over the entrance to Victoria Dock. 
The work will involve excavation, piling, concrete, masonry, 
and cast and wrought iron. The Ayr Harbour Trustees 
are asking for tenders for the erection of a pillar steam 


crane of from 20 to 25 tons-for shipping coals. 
f ction of the Tay Bridge Works.—The directors of 
the Tay Bridge Rail way recently held a meeting in 


Dundee, and afterwards made an inspection of the works. 
They inspected the taking out of the first of the 145 ft. 
girders, which was successfully accomplished. They 
expressed themselves as being highly pleased with the 
progress which was being made over the whole of the 
works. 

Burntisland Dock Works.—Numerous applications from 
shippers have been received for berths in the new dock at 
Burntisland, but the prospect of accommodation is still 
distant. The North British Railway Company do not seem 
to be in a hurry to advance the money for the working 

lant, and there has been a delay in clearing off the coffer- 
Pe in front of the gates; but if Sir William Armstrong 
and Co. do not arrange to render this possible by shutting 
the gates, it is intended by Mr. Scott, the contractor, te 
construct a service dam and go on with the work. In the 
mean time a large number of hands have been paid off. 
There is room to fear that, in the event of the North 
British Railway Company continuing to decline advancing 
any more money, the Town Council of Burntisland will be 
compelled to stop the works, and to lay the matter before 
the Board of Trade. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday, 

The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change, at Middlesbrough, but again 
business was exceedingly flat. The market in fact was 
weaker than on the previous week. ig iron makers 
quoted No. 3, 52s. 6d., but merchants offered the same 
quality at 50s. perton. There is a general opinion amongst 
makers that the present depression is only temporary, and 
they are, therefore, unwilling to do business at the market 
prices. 

The Finished Iron Trade.—The Middlesbrough iron 
market now occupies one of the foremost positions as a 
centre for the transaction of business connected with the 
great staple industry of Cleveland, but it is a singular fact 
that while a very extensive pig trade is done on ’C 
there are scarcely any sales of rails e there. This 
branch of business is usually carried on through agents in 
London. No doubt the time will come when buyers 
will attend the Middlesbrough market and there enter into 
contracts with the manufacturers. In the meantime the 
buying and selling of rails being conducted chiefly by cor- 
respondence. it is difficult to ascertain BP x ad what is 
going on. The finished iron trade is still dull. Many of 
the works remain closed, while many others are only 
partially in operation. There is still a large number of 
men re of employment. For rails there is some inquiry, 
and although prices are weak manufacturers are — 
that we are on the verge of improvement. Messrs. Hop- 
kins, Gilkes, and Co., of Middlesbrough, are executing a 
rail order of 2000 tons, but with their extensive productive 
power this small contract will be finished in a fortnight. 





d | Messrs. Bolckow, Vaughan, and Co. have not yet restarted 


their finished iron works. On Friday next the annual 
meeting of the Britannia Iron Company will be held at 
Middlesbrough. In this district ironfounders are better 
employed and are getting higher prices than they did a 
month ago. 

The Proposed Reductions of Blast Furnacemen’s Wages. 
—On Saturday the notices of reduction of the wages of 
blast farnacemen in Cleveland will expire. As a matter of 
fact the notices given 7 of the firms terminated a 


eek , but in order that all the employers might be on 
a by footing these notices were ed. The reduc- 


tion demanded is equivalent to about 5 per cent. No un- | poses 


usual difficulty is apprehended in dealing with the question. 
Certainly there wil A no damping down of furnaces. 

The Cleveland Ironstone Miners and their Wages.— 
The arbitration on the question of the Cleveland. iron- 
stone miners’ w: was commenced at Saltburn before 
Serjeant Wheeler on Saturday and terminated on Mon- 
day. The arbitrators, Mr. Isaac Lowthian Bell, M.P., 
for the mintowners, and Mr. Macdonald, M.P., for 
the miners, wil! meet the umpire in~ London on the 12th 
inst. to consider their award. 

Coal and Coke Trades.—There is no alteration in the 
coal and coke trades. 

Shipbuilding and Ertgineering.—There is more activity 
in these branches of industry. sto peeled Oat eee 
sent year’s.work will compare favourably with that of the 





previous one. 


NOTES FROM THE SOUTH-WEST. 
Plymouth Great Western Docks.—Propositions and 
terms under which an extension of the Plymouth Great 
Western Docks is to be carried out, and accommodation 
provided for the Government, have met with the entire | 
approval of the Admiralty, and no delicate questions as to 
foreshore rights have arisen to interfere with the project of 
the Docks Company. 

The -G s Works.—One blast furnace is now in full 
mn. e first yield of iron was drawn off on Frida: 
" » an event which was announced to the | 
public by the firing of cannon. 

Meeting of Colliers at Dowlais.—A meeting of colliers 
was held at Dowlais on Saturday afternoon, and was at- 
tended by about 300 men. A resolution expressing con- 
fidence in the Miners’ National Union, and calling upon 
the Dowlais colliers to join it was carried with enthusiasm. 

Wages at the Avonside Engine Works.—A recent notice 
of an intended reduction in wages at the Avonside Engine 
Works was withdrawn yesterday week. Themen 
at the works yr may oe Aapleer bg pad 


ts cute was toronply Wee, Sve edt 


0 


the question was tho 

majority that the should go out on strike. 
hung equally in the balance between masters and men for 
a long ) sat as the old hands employed at the works had 
consented to accede to the reduction ; and it would probably 
have been decided in favour of the former had not men em- 
ployed at other works attended and “‘ packed’’ those at the 
Avonside out. The Avonside men were thus out-voted, 
became very dissatisfied. Ultimately, the question was re- 
ferred to the Amalgamated Society of Engineers in London, 
who counselled the men to use every means in their power 
to come to a settlement before they went out on strike. As 
the time for the notice taking effect drew near the balance 
seemed to be in favour of the men, although it was but by 
mere chance that they gained the victory, for nearly one 
half of the men in the works had already given in, although 
a few of the younger hands determined to go out on strike 
at all hazards. 


Truro Water Company.—A compling being formed to 
improve the water supply of Truro. @ proposed = 
is 10,0007., in 101. shares. The De: se states that the 
directors—three in number (Sir Charles Stanley Osborne, 
London, and Messrs. G. F. Carlyon-Simmons, late of 
Trevella, and J. Simpson, London)—have entered into a 
provisional contract with Mr. Geeta Bower, Huntingdon- 
shire, to complete the works for 18,8231. ; the contractor 
agrees to take 40001. in’shares of the company, and he also 
agrees to pay interest at 5l. per cent. per annum on the 
subscribed capital during the construction of the works, and 
te eutinge his payment for one year after their com- 
pletion. 





Tux Lonpon AnD County Banx.—The rt of this 
7 for the half-year ending December 31st last has 
just issued. In spite of the heavy losses arising out of 

he failure of Messrs. A. Collie and Co., and amounting to 
75,0001., the directors recommend the payment of a divi- 
dend of 84 per cent. for the half-year, ing a total divi- 
‘dend for the past year of 164 per cent. The net profits on 
the half-year amounted to 156,7301., and the reserve fund 
is now raised to 699,5221. 


PrecEworK.—A discussion on this subject is to be held 
at the Artisans’ Institute, Castle-street, St. Martin’s-lane, 
on Thursday evenings, 10th and 17th inst. at 8 p.m., when 
the attendance of ms interested in the question, es- 
pecially skilled workmen and em of labour in the en- 

i i trades is invited. essor Leone Levi, the 
lof Rose’ , Mr. Peter Graham, and several i 
members of the London Trades Council: have > 
possible, to be present, so that the subject has a fair chance 
ig 


of being considered from various points of view. 








Mr. Crookes, F.R.S., oN THE RADIATION OF LicHT.— 
A few days since at the London Institution Mr. Crookes read 
a paper on the radiation of light, in which he spoke of some 
ractical applications that might be made of his es. 
His scientific work is already well known, but these sae ; 
cations were for the first time laid before the public. He 
suggests that the ‘‘ torsion balance,’’ which he has th h- 
out used for testing the amount of action caused by the 
approach of light to it, should be employed as a test for the 
purity of our gas supply. First he would test the quality 
of the “‘ standard ”’ candles used, which it is known really 
vary very much when that variation is ied from the 
standpoint of scientific accuracy. Then with the “ torsion 
balance’ he would test the Nese ae between,the gas and 
the standard candle, the in ‘motion of the balance being 
capable of being recorded by the index scale on which the 
reflecting mirror shines. The other s tion - was 
application of the rotating apparatus to me . 
. He has the “‘ windmill ’’ .rotating wires 
with pith balls, so that they carry round a small magnet 
ded beneath them. ‘Their rate of rotation depends 
on the amount of light that falls onthem. Near the magnet 
attached to them is suspended another magnet which oscil- 
lates as the attached magnet presents alternately its nort 
and south poles. This oscilla’ is to “make ’’ 
and ‘ ’? an electric cireuit which, by a wire ma 
is connected with a » Morse 
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a #& 46. 

menor Ors (per ton)— ° 1 ° 
ane sooceeece bs cocvece ’ ove ° és ° 
paves x InON at iw” 

weeeee sescconscsoe soncoces: 6 9 - 
Channel bars and girders 9 1 8 0° 
Angle irons ........--++++ oo 9 © 9 13 
Weldiess iron — 

CYTOB ,..008 wid °° 
Bessemer wagon t. a aie °° 
Halls, Bessemer steci..... 8 15 °° 

Bass (per ib.) — 8, a, es 4 
Sheets, 4B XK Bb ncccerereeene O 10 °o 10 
Yellow metal wcvcenccee © 7h O&O 1% 

CastTinés, TYNE AND CLEVELAND, 

(per ton)— € 4. £ 4 
Giruers $ 15 o 15 
Chairs 3 10 4 10 
Pipes $ 15 o 10 

Corres (wer tor) 
yo - jad eesessscveceee 80 36 81 15 

88 10 8 © 

fags toogh, b best ... 86 o & o 
INBOE v.vccererereree 80 9 QO 0 

Sheets; BO. oereee 3 °° ww °° 
Bottoms......... ene GO CO 9 9° 
1R0ON Ones (per ton)— 8. a. s 4d, 
Red bematite, British 3 «6 18 «(OO 
pudding 20 6 a3 «C6 

Olay ironstone evccecenesces - o o°o ° (U8 
OQOMitCsrercesee - ceerectereerree 08 © ° oe 

IRon £10 (per ton) — 

Cleveland No. 1 ...... ss. 6 co 0° 
” wv 26 so aS 

an n 8 a 5° © $2 6 
4 sr 6 52 © 

Other qualities w- §° © Re. 
Welsh (South Waies) .. mo ose 
No, 1. No. 3. 

Beotch Pig— e @& wie 
G.m.b., at Glasgow oe 6 © 62 6 
Gartsherrie ...... 7s © 06 © 

1738 0 a) 
72 «© 6s 0 
1% ° 60 0 6(o 
07 66 64 6 
64 6 63 © 

Oly de ......04 er Gry O. CMe 
Govan, at Broomieclaw.. - 0 © 63 6 
Calder, at Port Dundas... 75 © a) 
Glengarnock, at Ar- 

GLOSSED ,.......00ceeseee0 oc FO © 65 o 
Eglintun, ditto ......0 Of © 64 Oe 
Dalwellington, ditto...... 65 o a) 
Carron, at Grangemouth 60 o — 
Ditto, specially selected 72 6 = 
Shotts, at Leitn ......+0+... i ° 66 © 
Kinnell, at Bo’ness.. ° 62 6 

(The above all Site y P 

8. . 

North Staffordshire 63 - be ° 
Seuth to °o go 0 
Yorkshire T ‘hornaby pig. 62 6 6 0 
Ridsdaie Nos,laud2... 110 © «5 © 
Nos. Sand 4. go 0 en 

Tron, ‘Wrovent— £ 8. £ «6 
Swoteh bars .........0. 7 15s 8 10 

» nail TOUS ....ccccuce 8 10 9 © 
8S affordshire do...,, 8 10 9 © 
Uleveland angles... , 9 7 10 

a boiler plates... 9 °@ 9 10 

e een eeeeee 8 © 8 10 
shee » 10 10 10 15 

Welsh _ 8. W. 6 ¢ 6 15 
2 a er 6 10 9 ° 

- boiler piates, S.W. 13 © 13 10 

» hoops, SW... 10 © MU (oO 
Staffordshire plates ...... 11 0 4 «0 
ler 1m 10 3 © 

5 hoops 1° 0 WW © 
i (per ton) — 

ttn - FY 0 a2 15 

33 10 4 ~«( 

Other brands... a1 10 a2 15 
Per ra | ie) 24 «10 

PHOSPHOR Becuss— 

(POT COT) non cee . coeseees 3o0.06m0lCUKAS CO 
QUICKSILVER (per ‘pottie) 1m IY iro 
Scrap (per ton. 

Old is for re-manu- 

f ° 4. ‘ ° 
Old steel scrap...... 5 0 ° 

SPELTER (per ton)— 

ae cose ccossctce 9g ag 10 
ec eo (0 
Eesieh eo °o °c (O° 

SPise SLEISEN (per ton)— . 

6 0 6 10 

oS Ss i 

GOB ncccccccccotcccccccee $f © e © 

» double shear .., 45 0 s 8 
single oe 330 §0 6 
English spring pe ae 22 0¢«C8 

BUSGOE  occcccccsseeees — © 0 co °o 
MANAD ..4.00.-cereserseeeee«: 8 10 9 © 
Bessemer rails .........0.. 8 © 9 © 

” casteeeeeseesses T§ 10 14 «10 
” srerserseeee 10 1 0 
a INBOB recive J 10 8 © 

Swevisn Ison (F.o.b.) at 

Pr dE 
a a. | 6 © 
Bar rolled... 14 10 1 (e 
, hammered............... 1%4 «10 is o@ 

Tx (per ton) — 

BUEBIES ceesssresereesreeecenee o 8 10 
BHUIIO. ..,...v00rerrereeereeses o 68 «(lo 
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Z1NC (per ton)— 
Sheets, English 
» _ foreign 
Wing, Fencing .... 





yw Telegraph .....+..000 
COALS AND 
COALS (per ton)— 


Bristol  ....s.0000+ ececsocbosee ° 
Derbyshire .,, 
Lancashire ... veneseen 
Newcastle and Durham ‘ 








Staffordshire 

Weish ...... 

Coks— 
Oleveland ., 
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OILS, ney erin SB LUBRICATONS. 














OILs (per CUD) cerrsersvcersesres £ 
Seal, brown .,.’ 29 
Sperm head ., eossersee GO 
Whale, pale... w 34 

» yellow see =§2 
9 DEOWD ceceeererscerss 99 

PEsTROLEUM— 8. 

Fine (per gallon) wn... © 
GPITS... rccccoccccceces @ 

PitcH (per ewt)— 

Britiad ....00.00000 ccccsscscenn | 
yo Ee eresee ore eeeeee 12 
PLumBaGo (per cwt.)— 
Ceylon lump 18 
» chip... 10 
» aust, 8 
Talia ..ccccccceccepeccssocescoes 5 

EMERY DTONE (per ton)... © 

Rattway GrREase (per 
Cwt.)—R080'S ....cccereeeee 28 

Resin (per cwt. a ol 

french . eesesescccsesccs 86 
American . eaneocece 5 





TALLOW (per cwt.) 
8. American beef 


shee 47 
Australian beef . 45 
8 heep. 47 
St. Potersburg, Ys - 40 
English, town ...... one 45 





Kuugh, English . oceeee 
TURPSNTINS —Spirit— 
French 


Tar—Stockholm (per barl. ) 
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WIPLNGS, engine .. 
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CHEMICALS, &e, 


AcIps — 

Aquafortis (per Ib.) ..... 

Sulphuric acid(per 1b.) .., 

Sulpharic acid, brown .,, 
AMMONIA — Muriate (per 

BOM)... 0c vecccceccccerccereccsce 
ARSENIO— 

White, lump (per cwt.) ... 

Powdered (per cwt.) 
BLEACHING powder per cwt. 
Borax—refined (per cvrt.) 
— (per ton)— 








CopPpBRAS — green (per 
ROM) —.....0.s0000- nese: cevcee 
Corrtr — Sulphate (per 
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TIMBER, DEALS, &e. 

LONDON, 

Per Petersburg Standard £ s,d. £ 3s. 
Archangel 


ist yellow...... 
Petersburg 


° 
creccnceecseee se If 10 © 
° 


> a r 


sorts, yell. and white .. 13 © 
deals, other 


Norway 


POP OR REE EE eee eee eee ees 


1g 10 16 10 
1s © 

12 10 

910 © m1 Oo 
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910 © I1 10 
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° 10} 
10 
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- - £6.4 £ 8.4. 
Norwa: ttens,allsorts 610 0 810 0 
Swedish dea eals mixed ...12 10 0 1610 © 
10 10 © 1210 © 
w 
and 4th .. 715 © 10 Oo Oo 
wor ry 30s. ‘jess than 
als) 
AMERICAN DEALS— 
aan Ist pine ......-..00 °o 200 
1B Os sccigeccsees omw~o°o 
bed GO. scceee © 1110 © 
(Floated pine. ‘Hs... "208... 
and 10s. less for Ist, 
2nd, and 3rd _respec- 
tively). 
Cana4ian spruce, Ist..... 10 0 © 12 0 0 
New Brunswickspruce,, 8 0 0 9 0 © 
U.S. pitch pine ..... ciclete 20% 2. 19. @ @ 
- TIMBER— (per load) 
ine (mixed and 
ai cesees cosceseee $10 400 
Do. for yards and oor 415 0 610 © 
Yellow pine, large ...... 510 © 610 0 
»  Waney board $10 © 610 © 
Pitch pine... 3 °o 450 
6 ° 700 
4 °o 610 0 
4 © 600 
5 6 7°00 
4 °o Goo 
°o 610 0 
°o1m00 
eo muoe 
1 © 13 10 © 
British Guiana green- 
heart .. iim 68.0 .-9 @ © 
Australian ironbark wee 710 © 10 0 0 
Batic TIMBER (per load) 
Blige BF ...200 . ccoccsseesceres $10 0 450 
Dantzic and Memel crown 4$ ° §10 
» ist middling... 310 © 410 © 
" As middling, 
and 2n coeseees $5$° 400 
—- _ mid- 
dimg 21% 0 300 
Dantzic undersized wees 213 0 215 © 
» Small, short, and 
irregular ... o 29m 0 
Stettin ....., ° 310 0 
Swedish ... o 3215 © 
—_ ane $ °° 3215 © 
ie and <30¢8.d 
Dalke ..,....c0000- oo 315 © 
FLoorING BoaRDs Cer: 8q. 
of 1 in.)— 
First yellow om 3 oO 6 
» White ©1309 O% © 
Second qualities ©10 0 013 0 
LIVERPOOL. 
WHOLESALE Prices oF TIMBER, DEALs, &C. 
From British NoRTu AMERICA. 
Pine TIMBER (per cubic 
foot string measure) <£ 8. d. £ 8, d. 
Quebec yellow square .. © 1 9 © 2 § 
Waney board... o 2 2 © 32 7 
St. ‘John's, N. B.,18im.. © 2 4 0320 
Miramichi and’ British 
Chaleur ., oss O87 
Richibucto .... .. o13 017 
Nova Scotia and Prince 
Edward Island ........ 01 3 OF 7 
o1r4erg9 
»~@s 8 603 8 
°o23 0326 
e2:c¢ ©9898 
e & @°s @4 
White wood, Quebec... oe 8: 8:9 
Hickory, Quebec............ o232 0:32 6 
Walnut, Canadian and 
United States ............ oes &s 8 
Birch, St. John's, &c. NB. @rt:9 088 
e rE org 032 3 
i. ova Scotia and 
Prince Edward Island o 1 3 oF 7 
Masts, yellow pine, Ist 
quality ........... eenenens ~ ©2320 030 
Masts, red pine ......... nie 8 2. e@ 66 
DEALS AND BATTENS (per 
Petersburg standard). 
Quebec yellow pine, Ist... 22 © © 323 0 0 
e - » 2md 1§ 0 oO 16 0 Oo 
- » 8rd 10 © © 1010 © 
e 5. conan © @' Oe C's 6 
New Bruns, and Maine 
nited Statesspruce 8 5; © 9g 10 © 
Ditto, ditto, Istpine 9 0 © g10 © 
Ditto, ditto, 2nd , 8 5s o 815 © 
7$° 715 © 
715 © Boo 
8eo BO Oo 
8eo 900 
710 © Boo 
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a. — AND AFRICA. 
(Per cui ‘oot, string 
measure) 
nied tal cakingn. ¢ 35 
ot, a a 
(Per cubic foot calliper : 
measure) 
African oak logs...,,...... © 3 © 
Kast Indian teak ......... 0 4 7 
African teak .., ~ © 29 
Greenheart ... —- © 3 0 
Black Morra.........s0.....0 2 3 
Bullet tree seepenveteeesense O 2 O 
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F 80m THE BALTI0, &c. 
(Per cubic foot string 











measure) £04 £8. d 
Fir timber, Riga red..... 0 1 4 © 1 6 
Dantzic and 
Memel crown eer o17 e019 
Ditto, ditto, other kinds o 3.2..@ 8 6 
Ditto, ditto, whitewood o 1 1 oO I 3 
Stettin © ....00.0..... ec ccccceeee > 2.3.9 8 4 
Swedish... o's: @ 8 ¢ 
Norway o108e 08090 
Warnscot (Logs calliper 
measure) 
Riga, &C., CTOWN....0..0+ + 063 069 
Bracx... ©s5 0 0 5g 6 
Oak timber, Dantzic 
(string measure) PRE o2a32 032 8 
Pit props per linealyard o o 2.0 o 4 
Mining timber.... oo1rwmonto 
(Per Petersburg standard) 
Redwood, Archange!, and 
Omega, 18¢  ......000.00-00202 16 10 © 
Ditto, ditto, 2nd oo 13 10 0 
Ditto, ditto, 3rd «.. ..... © 1110 0 
Redwood, Petersburg Ist.. 14° 0 © © OO 
” *” ©1200 
” Wyburg .. omuwo;o 
a Uleaborg Pe: o m08°0 





% Gefle and Stock- 














er Sere 11 0 0 14°00 
pa Gothenburg ...... 11 0 © 14 0 0 
MAHOGANY, &c. (per foot 1 in.) 

ity St. Domingo ........... ©o7 O11 3 
ES ES A «- © © 64 © © 9g 

Honduras © °o 43 0 o ¢} 

ne fu © © 3 0 0 § 

HULL. 
(Per load). 
Memel crown fir timber 410 © § © 0 
” o 47 6 
°o 400 

Dantzic 2nd., 6 e©°0 0 

Swedish........... ° 310 0 

Mining timber ys 2°97 6 

(Per cubic foot). 
Quebec Oak ....0....06-0 6 oo 3 6 
o elm ...... S. 2:6 8 
“ _ 10 0 2 2 
ecececes Ss 2 3 6 
St. John’s ‘pinch 9 0920 
(Per Petersburg standard). 

Best Onega red ............ 1610 © 17 © oO 
» Petersburg red ...... 16 10 © 17 10 0 
a * white .. 10 10 © 11 0 © 

Memel 2nd red ...,........ rio © 0 Oo 

Riga crown white 910 © 10 0 Oo 

Quebec Ist pine .. -33 0 0 24 0 

» 2nd, Ig 10 © 1010 0 
ou Ae os + 10 8 °o moé8} 0 

Spruce . 8 © g10 © 

First red fooring boards 14 ; e130 Oo 
» whit po 1110 0 00 Oo 


WEST HARTLEPOOL, 
Per Cubic Foot 


DANTZIC crown fir............ eS 22> @-8. 6 
- good middling... o 1 2 o 1 44 
pe common ditto... o 1 2} o ° 


Per Load, 





Fir sleepers, 9 ft, 10x 5 276 000 
Per Petersburg Standard. 

Wyburg, Ist red............ 120 0 13 0 © 

. 2nd ,, we IT § © IL 15 0 

Gefle, en & 13 § © 1310 0 

e 2nd ,, 12 § © 13 0 © 

am @  eéece 1610 © 12 0 oO 

> lst white.. 11 § © 1610 © 

ob a 4 a 110 0 0 8 Oo 

aa +109 9 0 89 OO 





THE LIVERPOOL TIMBER TRADE. 


IMPORTATION, CONSUMPTION, AND STOCK IN 1874 
AND 1875. 
IMPORTATION. 


1874, 1875, 


4,265,000 
17,040,000 


COLONIAL timber 6,386,000 
a GREE nccccescocnsee ° 18,259,000 


Total colonial in cub. ft, “aqiag,o00 


Pitch pine timber ......... 4,485,000 

Other foreign timber, &c. 2,820,000 1,757,000 

Foreign deals ..........+.++ 3.378 000 3 143,000 

Total foreign in cub. ft. 10,683,000 8,814,000 
CONSUMPTION. 

Colonial timber 

” deals.. 


Total colonial in cub. ft. 24,128,000 23,029,000 
Pitch pine timber ........ + 4,161,000 
Other foreign timber, &e. 2,563,000 
Foreign deals ..........+0++ 3,716,000 


Total foreign in cub. ft. 10, = 9,458,000 


21,311,000 





3,914,000 


5,662,000 
17,367,000 











4,006,000 
2,266,000 
3,186,000 














Srock (Close of each 

Colonial timber ........... + 2)442,000 1,045,000 

ve GANS ........s00402  §,27$,000 4,954,000 
Total colonial in cub. ft. 7,717,000 §,999 000 
Pitch pine timber ......... 1,160,000 1,068,000 
Other foreign timber, &c. 859,000 350,000 
Foreign deals ............. «+ 1,$40,000 1,496,500 
Total foreign in cub. ft. 3,559,009 2,914,500 
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THE BARRAGE OF THE NILE.—No. I. 


In our last article we spoke of the birth and pa- 
rentage of the Grand Barrage of the Nile, and the 
aspirations and anticipations of its projectors as re- 
corded in a manuscript account of the work penned 
a quarter of a century ago at atime when the whole 
of the foundations and 80 arches out of the entire 
number of 132 were finished, and when the ‘re- 
sponsible engineer exultingly announced that ‘‘ one 
good campaign will complete the work.” Un- 
fortunately the event has not justified the prophecy, 
for the barrage even now is far from complete. It 
will be instructive to follow the history of its con- 
struction rather closely so that we may be enabled 
to attribute this unfortunate and unexpected result 
to its proper cause. 

If the engineer of the barrage were put upon his 
defence the first point he would endeavourto establish 
would doubtless be that the conception of the work 
as a whole was perfectly legitimate, or in other 
words, that the barrage of the Nile was no wild and 
vision: scheme, but a sound well-thought out 
project based upon the experience gained in highly 
successful works of a similar character elsewhere. 
We think he would have little difficulty in con- 
ducting his defence so far, The irrigation of the 
Delta of the Nile was a problem similar in every 
essential respect, both as regards facilities and diffi- 
culties, to the problems presented by the irrigation 
of the deltaic provinces on the great rivers of 
Southern India, where native works of a far higher 
type than anything to be found in Feypt had been 
in successful operation for centuries. The basis of 
the latter works was in nearly every instance the 
damming up of the river at the apex of the Delta by 
means of an anicut or barrage in such a manner as 
to raise the low water level to the extent required 
for irrigation by gravitation, but at the same time 
without appreciably augmenting the heights of great 
floods. In the province of Tanjore the native system 
was in a highly developed state long before any 
English engineers had established themselves. in 
Madras. Colonel Baird Smith, who visited the dis- 
trict in 1853, thus describes the plan of operations 
followed by the natives : 

“Channels of supply, proportioned in dimensions 
to the area of the tract dependent upon them for 
irrigation, were cut from the river bank, and sup- 
plied sometimes with head sluices of masonry, but 
very often wanting in these necessary works. The 
levels of the heads were so arranged as to command 
a full supply in moderate floods, and the water 
was led to the fields by infinite numbers of 
smaller channels of distribution. When the level 
of the river surface was too low for the supply 
of the channels, the construction of a perma- 
nent masonry, or a temporary earthen; dam, 
was had recourse to, and the water was thus 
raised to the requisite height. Of the masonry 
dams, several still remain ; and one, bearing ‘the 
name of the ‘Grand Anicut’ (the latter being 
the local term for this class of works), con- 
tinues to this day to play an important part in the 
irrigation of the Delta. Not only was the main 
_ stream thus laid under contribution, but those minor 

channels diverging from it as it approached the sea 
were also taken possession of, and hand-in-hand, so 
to speak, with this process of utilising the waters in 
moderate floods, there advanced a system of em- 
bankment whereby the waters in extreme floods 
were held under general control. Thus, in progress 
of time, there grew up over the whole surface of the 
Delta an extremely artificial condition of things, 
the cardinal points of which were, first, the supplying 
of agriculture with its first necessity, abundance of 
water; and, second, the protection of the property thus 
created on the soil from the destructive effects of an 
excess of water.” ? 

The Grand Anicut referred to in the preceding 
extract is a solid dam of rough stones extending 
entirely across the Cauvery—a river similar in many 
pointsto the Nile, the measured minimum discharges 
of the two rivers being respectively 16,875 and 12,570 
cubic feet per second, and the ordinary flood dis- 
charges 320,000 and 340,000 cubic feet, and further 
the bed of each river is of sand to an unknown 
depth. In length this anicut measures 1080 ft., in 
breadth 40 ft. to 50 ft., and in height 15 ft. to 18 ft. 
When the dam was cut through in 1830 for the con- 
struction of under sluices, it was found that clay was 


the only cement employed for binding together the | headwo 


rather small stones of which the interior of the dam 


A single instance such as the above would go far 
to justify the engineer of the Viceroy in pproposing 
to irrigate the Delta by damming up the Nile. But 
there were not wanting many other examples more 
directly applicable to the case and more modern in 
design. We may site for instance the Coleroon 
Anicut constructed by the Se in 1836. Here 
we have a masonry dam 2250 ft. long consisting of 
a continuous body wall 6 ft. thick, and from 5 ft. 4 in. 
to 7 ft. 4in. high, built up from a masonry orm 
8 ft. in thickness, which in its turn is founded = 
three rows of wells 6 ft, in diameter, sunk 6 ft. eep 
into the sand of the river bed. Another example is 
afforded by the lower anicut on the same fiver, 
where the length is,1900 ft., whilst the bar of masonry 
8 ft. high by 8 ft. thick forming the true dam is con- 
structed helow with a hearting of nothing but sand. 
The apron of this dam, 24 ft. wide and 3 ft. thick, 
being slight, suffered a little at times from the impact 
of the water, but otherwise the work required no at- 
tention until 1862, when a Boson of the bridge 
which had been subsequently constructed on this 
apron as a foundation was carried away and a hole 
24 ft. in depth was scoured out at the rear of the 
foundation walls. Again, the Cauvery and Vennar 
Anicut which was being carried out be gm tl 
raneously with the Nile barrage, furnished further 
evidence that the engineer of the latter work was 
amply justified in assuming the feasibility of con- 
structing and maintaining such a dam across the 
river Nile. 

Experience had also shown that the influence of 
the barrage on the régime of the river would in all 
probability be rather advantageous than the reverse. 
A control over the quantity of water flowing down 
each branch of the river would thus be obtained, 
whilst the silting up which must inevitably occur 
to some extent above such a work had been proved 
to have no appreciable influence in augmenting the 
height of great floods. 

urther, the financial results of this system of 
irrigating deltaic lands had almost without exception 
been so remarkable that the engineers of the e 
must have received from them an additional stimulus, 
Sir Arthur Cotton stated at the Institution of Civil 
Engineers in 1868 that the Government received 
from the Godavery Irrigation Works an annual in- 
come of 250,000/. upon a capital expenditure of 
500,0007. Official returns also show that the 
average returns from the Madras works is nearly 
30 per cent., and in one instance upwards of 300 per 
cent. per annum, These figures appear astounding 
at first, but cease to be matter of surprise when it 
is remembered that the value of the crops is such 
that they will pay for watering even if the water has 
literally to be brought to the land in buckets out 
of a well, Water so raised by bullock, mét, or 
picottah—the sakieh and shadoof of Egypt—costs 
in Madras about 1/. per 3000 cubic yards, and con- 
sequently the watering of a single crop of rice by 
such means would cost from 1/. 10s. to 2/. per acre. 
In Egypt labour is much scarcer than in M , and 
the cost of watering is correspondingly increased, 
If the shadoof be employed it is customary to pay the 
fellahine who work it by giving them half the crop. 
The cost in any case will be equivalent to a charge 
of 1/. for from 600 to 1200 cubic yards of water. 
Assuming that onthe average as much as 1000 cubic 
yards could be raised for the sum of.1/,, the impossi- 
bility of meeting the requirements of Lower t 
by these primitive appliances is easily demonstra a 
As pointed out in our last article, the quantity of 
water to be supplied by the large canals in con- 
nexion with the ape - project was 26,000,000 
cubic yards per day. Even upon the assumption 
that this supply would only be necessary during 100 
days, we should, at the rate of 1000. cubic yards per 
1/., require no less asum than 2,600,000/. for Pat 
one year’s irrigation of Lower Egypt, whereas the 
engineer had good reason to assume that with the 
proposed works the irrigation of the country would 
be most satisfactorily provided for in perpetuity by 
a single payment considerably less in amount than 
the above estimated annual eharge. 

The impracticability of attempting to amend the 
irrigation of Lower Egypt upon: the lines of the then 
existent system must have been evident enough to any 
one who gave the subject a moment’s consideration. 
In substituting some other comprehensive scheme 
there were ‘‘ three courses” open to the. engineer, 
namely, (1) the barrage, (2) high level with 
my requisite ene er up stream to secure 
irrigatign.‘by gravitation, and (3) steam pumpi 
es.0f the most improved type concatinatdl aa 





ana duane Aa ee eT engist 


the fi of sixteen centuries, ; 


thie intakes of the three great canals forming a part 





of the barrage project. In adopting the first of 
these systems, the on probably was guided 
by the question of cost. We will not make a digres- 
— pas to see whether at the apace Pipa and 
with modern appliances, the pumps would compare 
favourably or a7 with the pa, alternatives, but 
we may assume with perfect safety that at the time 
when the e works were commenced there 
could have been no question raised as to the great 
advantages offered by that project over all others 
in point of cost, ; 
e engineer and projectors of the barrage of the 

Nile must therefore be pronounced guiltless of any 
sins of omission or commission so far as the general 
scope of the scheme is involved, and should indeed 
be complimented by the Court for having at so 
early a pees intuitively foreseen the direction in 
which the increased wealth and prosperity of Egypt 
was to be attained. Nevertheless as the 
has never fulfilled the purpose for which it was 
oO iginally designed, inasmuch as it is seldom trusted 
witha greater ead of water than 4 ft. or 5 ft., whilst 
it was desired to back up the Nile above barrage at 
least 15 ft., it is but too palpable that something is 
at fault. It is further apparent that the fault is one 
of detail and not of general principle, for upon no 
other hypothesis could the non-success of the 
Egyptian work be reconciled with the great successes 

ieved in the instances of its prototypes in Madras 
already referred to, 

With the help of the records of the progress of 
the works and of the reports of the commissions 
appointed from time to time to examine the structure, 
we will endeavour to ascertain to what defect in 
design or construction the imperfect success of the 
barrage is due, 

The expediency of constructing a barrage being in 
our opinion sufficiently proved, the next point to be 
investigated is whether a suitable site was selected 
by the engineer in placing the work where it now 
stands, On this point M. Linant, the late engineer- 
in-chief of the Viceroy, and as we have already ex- 

ined ‘the original projector of the work, joins 
issue with M, Mougel, its responsible engineer. The 
barrage is situated at what was at the time of com- 
mencing the work the apex of the Delta, but as the 
Delta was continually extending up-stream as well 
as seawards it is claimed by M. Linant that the soil 
at the chosen site was a new deposit totally unfit to 
be a foundation for the prop work. M., Linant 
roposed to place his barrage about five miles lower 
own stream where the und was relatively old 
and consolidated, and what is a more important 
distinction he decided and indeed commenced to con- 
struct the work out of the course of the river, intend- 
ing to divert the latter into a new bed after the com- 
pletion of the barrages. It was designed to exca- 
vate a great trench of the width of the foundations 
and apron down to low water level, a depth of about 
22 ft., and as the material was all soft soil or Nile 
deposit, this portion of the work would be done by 
men, women, and children furnished with baskets 
which they would fill with their hands in the 
customary [way of the country. Arrived at low- 
water level two rows.of sheet piling were to have 
been driven to a depth of 23 h., and in the s 
thus enclosed the excavations would be 
in the dry to a further depth of 10 ft, There was 
reason to believe that beyond this depth the water 
would prove unmanageable, so provision was made 
for continuing the excavation’ by dredgers and like 
spplianens. hen the desired depth was attained 
the concrete foundation would be placed in the 
trench, {and upon the solid mass.so obtained the 
superstructure of the barrage would be erected. The 
quantity of excavation involved in this design would 
have been some three or four million cubic yards 
greater than in the nt which is carried 
across the gen of the river, but M. Linant 
reasonably attention to the fact that the pre- 
sent excavation has been formed and refilled several 
times by reason of .its lying in the course of the 
stream, and being swept over by great floods, 

At the point chosen by,M. Mougel as the site of his 
barrage, the depth of water in the Damietta branch 
was both small and fairly uniform, butin the Rosetta 
branch the conditions were far less favourable. On 
the left-hand.side.the sands on the site of. the pro- 
posed work extended 13 ft. above low water, whilst 
towards the right bank the depth of water gradually 
i less than 56 ft, and 83 ft. at low and 


high Nile respectively. I with 
i ile respectively.* It was impossible with the 
appliances available to put in a Ch at suce. 





* See . 8 of ‘the ‘two-page engraving gi with out 
number of the 21st ult. ” ce 
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depths ; indeed it was only with t difficulty that 
the excavation was formed and the béton deposited 
at its present depth of 18 ft. below low water. 
When, therefore, the depth of water was greater 
than 18 ft., the bed of the river was raised by cast- 
ing. in stones, and upon the artificial mound so 
formed the béton foundation was deposited under 
water as at other points where such great depths did 
not obtain. 

M. Linant in criticising this plan maintains that 
one consequence of its adoption was defective béton, 
since by reason of the great depth of water surround- 
ing this rubble mound there was a constant lapping 
which abstracted the cement before it had time to 
set. In many places when the erection of the 
superstructure was being proceeded with, the béton 
was found so faulty that there was no alternative 
but to replace it bit by bit with new and sound 
material 


The great depth of water in the Rosetta branch 
and the consequent necessity of a rubble mound 
foundation to a part of this were, of course, 
disadvan conditions which it would have been 
desirable, if possible, to avoid. It would, however, 
have been impossible to find a suitable site where 
the depth of waterjwas such that with the appliances 
at hand the foundations could have been formed 


without the aid of an artificial mound, and further, 
there were not wanting examples of a similar ex- 
pedient having been successfully resorted to, 





FINE SEPARATION 








HOUSE. 


amongst which the Kistnah Anicut, which we shall 
illustrate hereafter, holds a conspicuous place. 

It is hardly possible, therefore, upon the evidence 
before us to convict the engineer of a culpable error 
of judgment in placing the barrage where it is. 





THE CLAUSTHAL WORKS.—No. III. 
Fine SEPARATION. 

Tue fine separation house, which, as we have 
already remarked, receives the portion of the ore 
between .166 in, and .039 in. in diameter, drawn off 
from the sheet zinc hoppers under the coarse sepa- 
rating apparatus, is shown in detail, in longitudinal 
section, cross section, and plan, by Figs. 7, 8, and 9, 
on the — page. 

This building contains two exactly similar sets of 
separating apparatus, each consisting of five conical 
riddles, with horizontal axes. Each separating a 
paratus corresponds to two adjoining sets of the 
coarse separation ; the arrangement is so made, how- 
ever, that the supply from each of the four sets of 
coarse separating apparatus can be led to either of 
the fine separating apparatus, as will be seen from 
the disposition of the conducting channels 4 ¢ d, 
and 4’ c' d', Fig. 7. For instance, the supply enter- 
ing from 4, can be led through c, to the:apparatus 
on a left as well as along d to the appat&tas to the 
right. 8 
The arrangement for driving the riddles and the 





| 2ft. and 2 ft. 





- &. 









































Fig. 21. = 
—_.s 
iy Y 
| Yj 
e eat akin Yy 
8 | t Y 
r 4 j eres} 
‘. Sy 
=== ‘ eee Metres 
” rm ¢ e a0 Fei Englush 





PICKING HOUSE. 


adjoining jigging machine from the driving shaft 7 
(which latter receives motion through the pulley 


J, Fig. 8, from the driving shaft in the coarse sepa- 


ration building), will be at once clearly seen from 
the three — just referred to, as Saye 

iping for leading the washing water into the riddles. 
: e riddles have a le of 6 ft. and diameters of 
vely at the ends. Each 
riddle is provided along its whole surface with holes 
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and are not required to pass 
through the works between the 
separation and fine jigging 
house (i.¢., through the coarse 
crushing mills, coarse jigging 
house, and the middle and fine 
crushing mills), but are trans- 
ferred direct to the fine jigging 
— 

or this lattcr purpose they 
are transported by means of 
wagons along the tramway 4, 
Figs. 8 and 9 (which is laid 
down before the receivers), to 
the hoist marked 20 on the 
general plan which we pub- 
lished on page 35 ante, and are 
there lowered to the lowest 
level of the middle and fine 
crushing house marked 8 on the 
same plan, in order to be 
further transported along the 
lower tramway (which is on the 
same level as the lowest floor of 
the middle and fine crushing 
house, and which traverses the 
latter and ends in the upper 
floor of the fine jigging house), 
to the upper floor of the fine 
jigging house, where the ma- 
terials are ti into the 
hoppers of the jigging machines. 

At present we must leave the 
fine jigging, to which we shall 
later on return, in order first to 
consider the works which lie 
between the fine jigging house 
and the coarse separation house. 
We must now once more turn 
to the fine separation. 

Besides the produce between 
-166 in, and .039 in, diameter, 
which we have seen separated 
into five different sizes, there is 
also a quantity of ore under 
.039 in. In order to extract 
from it the rich metalliferous 
grains, it traverses one or two 
wooden channels to two small 
funnel-shaped catch pits (like- 
wise made of wood), and thence 
to two single - sieved jigging 
machines marked ¢ in Figs. 7 to 
9. The slime which 8 off 
from the catch pits and jigging 
machines is led to the auxiliary 
washing house, The construc- 
tion of the jigging machines we 
shall dents in detail later on 
when dealing with the separa- 
tion apparatus in the middle 
and fine crushing house. 


DRESSING OF THE CoARSER PRO- 
DUCE FROM THE CoARSE 
SEPARATION. 

We have next again to con- 
sider the two coarsest varieties 
from the coarse se tion, 
namely, particles above 1.26 in, 
and between ].26 in. and 0.7 in., 
which, as already remarked, are 
transferred to the adjoining 

icking house. This picking 
con is shown by Fig, 21 on 
page 102, the sorting house 
referred to on page 64 ante. 
being shown by Fig. 20. In the 
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pect picking house, Fig. 21, the 





Fias. 10 anp 11. ROLLS FOR COARSE ORE. 


of the same diameter (z.c., respectively of .039in.,; These different sizes fall into the five underlying 
-052in., .07in., .093in., and .124in.), so that we | receivers g, which, however, on account of the re- 
have the following five different sizes: . latively small fall cannot be provided with inclined 
i i bottoms, so that the withdrawal of the contents 
from the re¢eivers cannot take place simply by the 


in. in. 
1 between .166 and .124 
2 124 5, .098 openirg of ‘sliding doors. The bottoms of the re- 





; re = ~ = ceivers are horizontal, and the contents are drawn 
5 | 052 = .039 | ottitito the wagons with the assistance of a scraper. 











wagon tramways, which are laid 
down on cross beams fixed for 
the purpose, are on the same 
level as the highest floor of the coarse sepa- 
ration building from whence the ore to be 

icked is transported. ‘The ore from the wagons 
is tipped over on to an inclined scaffold c, which 
serves the same purpose as the passes in Car- 
diganshire, aud from which it is scraped off from 
time to time by the pickers on to the picking table d. 
The space ¢ behind the picking tables is divided 
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along its whole length by vertical sheet-iron walls 
into receivers 12 in. wide, which are provided with 
sheet-iron bottoms ; the side / next to the — 
table is entirely of sheet-iron, the other side g 4, 
however, being provided at a proper height with 
cast-iron sliding doors similar to those in the upper 

ing houses. ‘These receivers, of which there are 
66 on each side, serve for the reception of the picked 
ore, which, however, during picking, is not at once 
thrown in use, then, a supervision would be 
impossible), but is placed in small sheet-iron boxes, 
without bottoms, which usually rest on the picking 
table, as shown on the left-hand side of Fig. 21, but 
are movable on two guides, rivetted to the sheet 
iron sides of the receivers, so that as soon as they 
are pushed forward from the table, the ore falling 
out, they thus empty themselves into the receivers. 
The sorting here is carried on on the same principles 
as in the upping sorting houses. 

The produce which requires to pass the coarse 
rolls must be brought back again to the higher lying 
tip-ground, this being effected by a water ba- 
lance hoist, marked 4 on the general plan (vide page 
35 ante) similar to many which are to be found in 
use at blast furnaces in this country. A cylindrical 
vessel of plate iron is attached to one end of a wire 
rope, which passes over a pulley and is fastened at 
the other end to the cage in which the wagons are 

The vessel, when full of water, is heavier 
than the cage and full wagons, and raises the latter ; 
but when empty it weighs less than the cage and 
empty wagons, which latter are thus lowered. The 
wagons used for the = of ores are shown by 
the views subjoined, which will explain their con- 
struction clearly. 














Of the products from the coarse separation, we 
have now considered, first, the two coarser varieties 
above 1.26 in. and between 1.26 in. and 0.7 in., which 
are picked, the portion which it is necessary to pass 
through the coarse rolls being afterwards raised to the 
tip-ground; second, the material between .166 in. 
and .039 in. which is passed through the fine sepa- 
ration, and third, the still finer, which is transferred 
to the auxiliary washing-house, and there still re- 
mains to be considered the varieties (numbered 3 
to 7 in the list given on page 64 ante) between 
0.7 in. and .166 in., which, as already remarked, 
form a portion of the material for the coarse jigging 
machines. 

As will be seen at once from Figs. 4 to 6, given 
in our last number but one, this produce is next 
collected in the receivers /, and transported accord- 
ing to requirement along the rails x, over the lowest 
floor of the building containing the coarse rolls 
(marked 6 on the general plan, page 35), which is 
on the same level as the coarse jigging house, in 
which latter building it is tipped into the hoppers 
of the jigging machines. It is scarcely necessary to 
state that the different sizes are kept separate and 
jigged in separate machines. 

e may here remark that the coarse separation 
house and coarse mills are the only two buildingsof the 
dressing works (the sorting houses i and & excepted), 
which have their lowest working floor on the same 


level, whilst with all the other buildings, so far as 
we have yet seen and shall still learn, the lowest 








working floor of one building always corresponds 
with the highest of the next following. Such an 
arrangement would have been useless in the case 
of the coarse separation house and coarse mills, as 
the produce from the former is not transmitted to 
the latter, or rather only a comparatively very small 
portion, after having been first passed through the 
picking house. 
Coarse ROLLs, 

Next in order of succession are the coarse rolls 
(marked 6 on the general plan, page 35), of which 
there’are three in two different buildings. The one 
lies between the coarse separation and coarse jigging 
house, and the other to the north side of the coarse 
jigging house. 

We have already mentioned why the three rolls 
have been placed in two separate buildings, and the 
reason for the present situation of one of them not 
in the same line of buildings as the coarse jigging 
house to which the products from the coarse rolls 
are next passed, as also how it comes to pass that 
the two rolls in one building are driven by a steam 
engine, and the other lying between the coarse sepa- 
ration and coarse jigging houses by water power. 

As all these three rolls, together with the sepa- 
rating apparatus, are of exactly similar construction, 
we shall limit ourselves to a description of the single 
one driven by water power, which is represented in 
longitudinal section, plan, and cross section, and 
by Figs. 10, 11, and 12, pages 103, and 106. The 
existing waterfall of 18 ft. is here employed for the 
turbines a a, Figs. 11 and 12, and also for the 
turbine employed to drive the coarse separa- 
tion. As will be seen from Fig. 11 there are two 
turbines, one of which, according to the first design, 
was intended to drive a special pair of rolls. As 
both turbines were already laid down, when the 
increased requirements of the work necessitated the 
building of at least another pair of rolls driven by 
steam, the driving gear was so arranged, that the 
driving of the single pair of rolls could be effected 
by either of the two turbines, aa. How this is 
accomplished will be evident from Fig. 11. The 
driving shaft i # can be set in motion by belts 
either from the pulley on the shaft e/, or from that 
on the shaft g/, each of which is driven by means of 
bevel gearing from one of the turbines aa. The 
__ is then transmitted to the countershaft m x, 

y means of a belt passing over the pulleys / and 0, 
as shown in Figs. 11 and 12; p is the loose pulley. 

The rolls, which are 30 in. in diameter and 12 in. 
broad, make 24 revolutions per minute, which may 
appear too much to some of our readers, and as it is 
only experimental may perhaps require to be altered 
according to results. The rolls, as shown in the 
detail views, Figs. 13, 14, and 15, page 106, 
consist of a conical cast-iron seating, on which 
a corresponding conically bored-out rim or tyre, 
24 in. to 3 in, thick, is fastened by means of a 
screw andnut, ‘The rim is made of cast steel forged, 
and afterwards turned, or is a chilled casting and 
used unturned. The rolls are kept pressed together 
by means of india-rubber collars ¢ c, Figs. 13 and 
14. The rolls are connected and caused to revolve 
simultaneously by means of the four - toothed 
wheels MMMM. The teeth of these wheels are 
very long, the curves of the gearing surfaces being 
involutes, which, as our readers will know, allow of 
the distance between the two centres of the wheels 
being altered, which in the case of rollsis constantly 
taking place. A flywheel A is fixed to the shaft 
mn, and also a spur wheel B, which gears into C 
fixed on the shaft gr. At the end of the shaft qr is 
fixed a coupling s. In Fig. 15 the rolls are shown 
coupled, and in Fig. 14 uncoupled. The coupling is 
so designed that it will give way before one of the 
teeth on the wheels M M, if a hard body gets be- 
tween the rolls. The arrangement has given every 
satisfaction. It will be seen from Fig. 13 that the 
brass bearings are arranged so as to suit the 
direction of the greatest pressure between the axles 
of the rolls and the bearings. The rolls 1 and 2 
with their axles are capable of being reversed end 
for end in their bearings, so that the end B may 
be coupled to the axleg r. The bedplate D can 
also be reversed in direction. 

We shall now return to the series of operations, 
The ore to be crushed is transported by means 
of wagons on the rails ¢ g, Figs. 10 and 12 
(which are on the same level as the tip-ground), 
either from the tip-ground or direct from the 
upper-lying sorting house, as we hays already re- 
marked. In consequence of the reigt}ely, t 
distance which the ore had to be trarts e (ize. 
from the upper-lying sorting-house or tip-greurdy 








there was the liability of the rolls running empty. 
To avoid this, however, the hoppers were made of 
such large dimensions, that there was not room to 
provide, in the usual manner, a feed-roller between 
the hopper and the crushing rolls, as we shall further 
on see is the case with the middle and fine crushing 
rolls. It was, therefore, necessary to use some other 
arrangement for a regular and gradual feed, which 
should not take up so much space as regarded 
height. The arrangement consists of an horizontal 
sliding plate at the hottom of the hopper, this 
plate moving to and fro in a cast-iron box r, Fig. 10, 
the motion being imparted from a small crank (the 
length of which can be varied) on the shaft s by 
means of a small connecting rod. We shall meet later 
on with a similar apparatus in connexion with the 
stamps. Alongside each crushing mill are two sets of 
separating apparatus, exactly similar in size and con- 
struction, each consisting of three riddles, to which 
the crushed ore is led, being on its passage pretty 
equally divided between the two by a‘ sheet-iron 
tongue fixed in the conducting channel. The riddles 
are cylindrical with inclined axes. Their construc- 
tion otherwise is similar to those we have already 
described. The two-larger ones which lie upper- 
most are7 ft. 10 in. in length and 3 ft. in diameter, 
the four smaller ones are 6 ft. long and 2 ft. in 
diameter. The riddles are provided with holes from 
0.7 in. to .166 in., as shown in Fig. 11, page 103, 
corresponding to which we obtain the following sizes : 


in. in. 
1. From 0.7 to 0.524 
2. » 0.624 ,, 0.894 
3. 5 0.894 ,, 0.295 
4. ,, 0295 ,, 0.221 
5& , O221 ,, 0.166 


which, like those from the coarse separation, are 
next transferred to the coarse jigging machines. 

Although the rolls are designed to crush the 
coarse ore to 0.7 in., still there will always remain 
even by the most careful adjustment of the 
rolls, pieces of.ore above that size, which even 
when the rolls have been worn for a short time 
fall through in no inconsiderable quantity, and 
of such a size that not only can they not be passed 
on to the jigging machines, but also that they would 
have a detrimental influence on the proper working 
of the middle and fine rolls which follow next. They 
are, therefore, raised and recrushed. 

The sizes Nos, 1 to 5 of the foregoing list, which 
are destined to be afterwards jigged, fall into 
separate underlying receivers, from which they are 
from time to time drawn out into wagons and 
transported to the coarse jigging house. 

As would benaturally expected, besides the above 
mentioned sizes there will also be a small quantity 
below 0.166 in., and indeed down from this size to a 
very fine state of division, which like the produce of 
the same size from the coarse separation can be im- 
mediately transferred to the fine jigging house, 
after having been separated in a corresponding 
manner, For this latter purpose the finer products 
are drawn off in the channel /, and led through the 
coarse jigging house toa fine separating apparatus 
in the middle and fine crushing Seuie, to which we 
shall refer later on in its proper place. 

With reference to Figs. 10 to 12, we may yet 
remark that the piping wis the same as that marked s 
in Figs. 4 and 5 of our two-page engraving 
published the week before last, through which the 
cleared water from the basin 7, Fig. 5, in the upper 
floor of the coarse separation building is led to 
the lower-lying portion of the dressing works. 

With the exception of the matter noticed in thjs 
last remark and such alterations as are required by 
the situation and the difference in the motive power 
used, everything in connexion with the coarse 
rolls driven by steam is exactly similar to those 
we have been describing driven by turbines, 








TWO-STORY RAILWAY CARRIAGES. 

WE publish this week a double-page plate which will 
complete the series of illustrations of the Swiss two-storied 
railway carriages, of which engravings have already ap- 
peared on pages 154 and 398 of our last volume, The en- 
gravings in this week’s number have been prepared from 
general working tracings, kindly sent by the builders, and 
we have further to state that six of these carriages have 
now been running since May last on the Vale of Toess line, 
in the Canton of Zurich, while six similar carriages are in 
course of construction for the mountain railway over the 
Briinig. at 

The distinguishing feature of these carriages consists in 
the employment of Vidard’s system of under frames ; this 
system, as worked out by MM. Bournique and V idard for 
two-storied carriages in use on the Eastern Railway of France, 
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298 of our sixth volume. 


the first place. 


2 36 in. 





tion of the carriages. 
diagonals shown in the plan. 

The carriages we illustrate will pass easily through the 
Swiss standard profile, which was shown on the cross section 
on page 154 of our last volume. 
this profile has a clear height of 15 ft. 9 in, above rail level, 
while the present two-story carriages have_a total height of 
15 ft. 6} in. The employment of small wheels of but 31} in. 
diameter—the carriages being never run at speeds exceeding 
25 miles an hour—enables the body of the carriage to be 
kept so low that the first-floor is only 27.2 in. above rails; 
on the other hand it will be noticed on examining the 
figured engravings that both stories are of quite sufficient 
height and width. 

The arrangement of the seats and the division of the 
three classes, as well as the remaining details of construc- 
tion, will be readily understood from the engravings, and 
we have only to explain that the seats in the first and 
second-class compartments are upholstered with Utrecht 
velvet, while those of the third-class are composed of polished 
wood railings, fastened to light angle-iron frames which 
are shaped according to the form of the body. The warm- 
ing is effected by a small transportable heating furnace or 
stove (not shown in our engravings), which is placed in 
the lower story, after removing, of course, some seats. 
From this stove the chimney leads off to the upper story 
where it*passes along the roof of the carriage. Each car- 
riage is provided with an efficient screw brake which can be 
manipulated from one of the end platforms. 
iron weeels are made according to Brunon’s system, and 
the axles, tyres, and springs are of Krupp steel. 

The carriages provide seating accommodation for 66 pas- 
sengers (including two seats on the upper balconies), and as 
the weight of an empty carriage is 10 tons, the equivalent 
per passenger will be but 3 cwt. of dead weight. 
per vehicle has been 
offered, 
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having been fully illustrated and described by us on page 
In the present case, however, the 
framing adopted involves some modificatiéns on the plan 
just mentioned, and to these we wish te draw attention in 
Here, too, the underframe is formed en- 
tirely of wrought iron, and, as will be noticed, the frame is 
also kept very low and curved upwards at the ends so as 
to arrive at tbe normal height of buffers, which in this 
case is 41.3 in. above rail level. 
ing I-irons for the making of the side frames, as done by 
M. Vidard, these are composed of two 7]-irons ; the upper 
one 5.9 in.. by 3.15 in., and the lower one 3.94 in. by 
The two ~j-irons are firmly connected by the 
hornplates and by a central support to which they are 
rivetted. The upper J-iron of each side frame is straight 
for its entire length, and at the ends it is met by the lower 
one, which rises upwards; the two “}-irons being connected 
here by strong end-plates of the neat shape shown in the 
side elevation on our double-page engraving, 
verse connexions between the side frames consist of the 
buffer-beams, made likewise of 7}-iron, and of nine channel 
irons placed at the points indicated in the longitudinal sec- 
The frame is further stiffened by the 


But instead of euploy- 


It will be seen there that 


4501, making 62 163. per seat 
These fine vehicles being imuch liked by the 
public, and they being, moreover, of undoubted economy to 
their employers, some of the leading Swiss railway @)m- 
panies—among them the North-Eastern and the Union- 
Swiss—have decided upon the adoption of a similar type of 
two-story carriages. 








HOLYHEAD NEW HARBOUR. 

Ar the tenth ordinary meeting of the session of the In- 
stitution of Civil Engineers, held on the lst of February, 
Rob. Stephenson, President, in the chair, the 
paper read was on the ‘‘ Holyhead New Harbour,”’ by Mr. 
Harrison Hayter, M. Inst. C.E. 
d 1847 the attention of Govern- 
ment had been directed to the importance of providing im- 
proved harbour accommodation on the coast of North Wales, 
to facilitate communication with Ireland, and when the 
bridging of the Menai Straits by the Chester and Holyhead 
e no longer a matter of 
Holyhead was selected as the most suitable place for the 
packet service, as well as for a harbour of refuge. 
several schemes proposed, the plan suggested 
Mr. Rendel, Past-President Inst. C.E., was ultimately ac- 
cepted, and was sanctioned by Parliament on the 22nd of 
July, 1847. It comprised a north breakwater, 5360 ft. in 
length, and an east breakwater, about 2000ft. in length 
(inclosing an area of 267 acres of available water space), 
and a packet pier, 1500 ft. long, within the area. The east 
breakwater and the packet pier were subsequently aban- 
doned. But it was found, as the works advanced, that the 
harbour was likely to prove too small, even for refuge 
The Lords of the Admiralty therefore decide 
hen the breakwater to 7860ft. from the shore, to 
helter a roadstead of 400 acres of deep water. 
tion of the main breakwater was almost due east; the ex- 
tension was in a north-easterly direction. 
breakwater consisted of rubble stone, or pierre perdue, 
from Holyhead Mountain, with a substantial stone super- 
structure, the end of the breakwater being terminated by a 
head, on which had been erected a lighthouse. The quarries 
were at the foot of the mountain nearest the breakwater, 
beingrather lessthan one mile from the commencement of the 
work. Toconvey the stone, nearly 2} miles of single line 
of railway were constructed, besides other preliminary 
perma total cost of which had nae P 
ou @ quarrying operations were conduc’ y drilling 
holes and firing small shots ; ultimately the contractors in- 
troduced blasting on a larger scale, hy sinking shafts and 


Between the years 1835 an 
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driving driftways, in which large quantities of powder were 
placed and by the galvanic battery. The first large 
mines were in shafts about 6ft. by 4ft., sunk from the top 
of the quarries to varying depths, according to the height 
of the face ; but when the quarries had been more opened, 
the top was sometimes yo gg ede | shafts, and the bottom 
by headings. Ultimately, headings were preferred to 
shafts, and were adopted whenever practicable. The 
charges of powder depended on the relative position to. the 
adjoining rock of the stone which it was contemplated to 
remove, on the position of the joints, and on the hardness 
of the stone at different parts of the quarries. In one case, 
upwards of 60,000 tons of rock had been removed by a 
charge of 13,000 lb. of powder. On the average, 4 tons of 
rock were blasted by 1 1b. of powder. In driving the mines, 
the chambers to contain the powder were carried down to 
3ft. below the bottom of the quarry. The largest mine 
had taken nine months to prepare, 21,000 lb. of powder 
having been actually exploded, which, it was stated, dis- 
lodged 130,000 tons of stone. The strength of the blasting 
powder was tested by its power to throw a 68-lb. ball from 
a small mortar elevated 45deg., and it was uired that 
1 ounce of powder should throw the ball to a distance of 
180 ft. In tamping the headings, the powder was often 
built in for a few feet with dry rubble, and the remainder 
of the galleries rammed with clay obtained from decom- 
posed porphyry. The total cost of quarrying the rock had 
been 4$d. a ton, and the cost of filling into wagons, in- 
cluding blasting the ey 9 stones, had been about the same. 
The cost of driving the headings varied from 10s. to 25s. 
per lineal foot. The average length of heading driven was 
oft. per week with four men. 

The rubble mound was of great size—the average depth 
of water at low-water spring tides being 40 ft., and the 
greatest depth 55 ft.—the variation of the tide at ordinary 
spring tides being 17 ft., and at equinoctial spring tides 
20 ft. The inclination of the foreshore, or slope from low 
water, to the superstructure was rege d about 12 tol ; 
thence the mound assumed a slope‘of 5 to 1 to about 10 ft. or 
12 ft. below water, and about 2 to 1 from that point to the 
bottom. On the harbour side the slope of the mound was 
about lito 1. At the level of the low water the mound 
was nowhere of less width than 250 ft., and in 50 ft. depth 
of water it was about 450 ft. wide at the base. It contained 
altogether about 7,000,000 tons of stone. The weight of 
the stone in mass was about 1 ton to 13 cubic feet, but in 
the breakwater 1 ton of stone occupied somewhat less than 
20 cubicfeet. The stone was deposited in the sea from 
wagons running over a temporary wooden staging, The 

latform was supported by piles of double balks sunk in 
one filled with stone fixed to the lower part of the pile. 
The piles were not driven, but were surrounded with stone 
tipped from the wagons. The width of this staging was 
150 ft. at the level of the rails, which were 20ft. above 
high water. About 250 tipping wagons were employed, 
each of which held from 8 tons to 10 tons of stone; during 
the time the operations were most active about 4000 
tons of stone had been deposited = in the sea. 
The staging at the end of the work had been frequently 
washed away by gales before it was well surrounded ; but 
it was considered better to adopt the staging described than 
to be at the cost of one of a more permanent and expensive 
character, as the timber removed during gales could, as a 
rule, be recovered. Therubble mound having been formed, 
and consolidated by the action of the sea, the superstructure 
of massive masonry was erected. ‘This was principally of 
quartz rock from the quarries, the plinths, cornices, 
parapets, paving, copings, and other ashlar work, being of 
Anglesea limestone. The work was set in lias-lime mortar. 
The foundations were laid at the level of low water, for 
which purpose the loose stone of the mound had to be ex- 
poe The wall was built near the inner edge of the 
stone deposit, to allow as long a foreshore on the seaside 
as possible, and had been carried up to a height of 38 ft. 
6 in. above low water to the level of a promenade, which 
was surmounted on the seaside by a parapet. At 27 ft. 
above high water there was on the harbour side of the 
breakwater a quay 40 ft. wide. The head of the break- 
water was 150 ft. long and 50 ft. wide, founded on the 
rubble mound at 20 ft. below low water, and for the most 
part of ashlar masonry. 
The cost of the north breakwater and works connected 
therewith, including land, had been about 1,285,0001., and 
per lineal foot about 163/. 10s. The cost of the stone de- 
posited in the rubble mound had been 2s. 3d. a ton for the 
first portion of the breakwater, and 2s. 7d. a ton for the 
last 2500 lineal feet. The cost of the superstructure alone, 
excluding the head, had been 361. a lineal foot. 








AGRICULTURAL MACHINERY. 
WE have received from the Agricultural Engineers’ 
Association the following memorandum submitted to the 
Council of the Royal Agricultural Society of England, 
February 2, 1876, in conformity with the resolutions of the 
Association ata special general meeting held on the 2nd 
November, 1875. 

‘1, Whilst we are aware that it is one of the My wes of 
the Royal Agricultural Society to bring before the farmers 
of every district, including the more remote, the best types 
of agricultural machinery, we are of opinion that it is not 
unreasonable to expect that agriculturists should avail 
themselves of the great facilities for pppoe bee we and 
cheaply, which now exist in every part of Eng’ d, to come 
to the larger centres of population. However this may be, 
the organisation of the implement trade by the aid of local 
agencies no longer compels manufacturers to rely upon. the 
shows of agricultural societies in order to introduce their 
implements. Moreover, a large and increasing proportion 
of that trade is now transacted with foreign countries 
and through foreign agents; these cannot afford the 
time required to visit remote localities—especially in 


of Europe. The manufacturers are reluctant to incur 
a heavy expenditure in places where the returns are 
inadequate, and where they cannot expect to meet their 
most important English and foreign customers ; and unless 
their interests are consulted in the choice of the localities 
for ae | the annual shows of the Royal Agricultural 
Society, it must be expected that their willingness to 
exhibit will begin to diminish. 

“Proposals have been made to the manufacturers more 
than once by responsible persons to hold a summer show in 
the vicinity of London, but, although they believe that 
their interests would be promoted by an annual or biennial 
metropolitan summer exhibition, they are indisposed to 
meg | shows unnecessarily, or to take any action which 
might detract from the interest of those held under the 
auspices of the Royal Agricultural Society. 

“2. The charges imposed on the exhibitors of imple- 
ments as compared with the expenses incurred on their 
behalf, when contrasted with the corresponding receipts 
from the exhibitors of stock and the expenditure on their 
account, appear to be unduly onerous to the implement 
exhibitors, and the Association would suggest that at 
least the ane for entry in the catalogues, and space 
allowed for descriptions, should be modified to the 
advantage of the manufacturers. 

‘When this conference was solicited, the Council of the 
Association was not acquainted with the new regulations 
of the Royal Agricultural Society, as to the time for 
admission of implements not intended to be tried during the 
show. These regulations meet our views to a t extent, 
but we regret that the show days should have been fixed so 
as to detain the servants of exhibitors over two Sundays. 

** It has been made a subject of complaint by purchasers 
that they have to pick out the agricultural machine 
exhibited from amongst the miscellaneous articles. te 
would be a convenience if the Royal Agricultural Society 
would adopt as rigid a separation of the two classes as is 
done at the Christmas show of the Smithfield Club. 
**3. The manufacturers gladly acknowledge the great 
pains taken by the judges and consulting engineers of the 
Society in order to award its prizes fairly ; but they are 
convinced that trials extending in the whole for each imple- 
ment over an area, or occupying an aggregate timé, not 
exceeding one fourth part of an ordinary - ea work, cannot 
afford such data as to enable the judges and »vngineers to 
arrive at accurate conclusions on the respective merits of 
the implements tried. And as regards construction, the 
manufacturers are frequently compelled, more especially in 
field implements, to resort to compromises of advantage 
and disadvantage in order to meet difficulties, with which 
they are more familiar than a consulting engineer without 
the same amount of practical experience can possibly be— 
and for which, therefore, he does not make the proper 
allowance. In many instances implements have been pre- 
sented, and have obtained the highest honours, which could 
not have been produced for anything like the price at which 
they were entered in the catalogue. 
** It is the opinion of the Council of the Agricultural En- 
gineer’s Association that no judgment should be pronounced 
on any standard agricultural machine unless it has been at 
work, performing its ordinary duty, for a considerable time 
under the eye of the judge. This would be most satisfac- 
torily accomplished by placing the implements in the hands 
of experienced agriculturists for at least a whole season, 
on the conclusion of which they might be submitted to 
dynamometric trial. After such probation it would be suf- 
ficient if an accurate and detailed report were given of the 
duty performed and condition when ceasing work. Steps 
should also be taken to compare implements so tried as to 
their construction with the ordinary commercial produc- 
tions of the same exhibitors. 

‘4, The new regulation of the railway companies im- 

sing additional charges on the conveyance of articles ex- 
ibited will, in the opinion of the manufacturers, tend to 
reduce their number, and, to a certain extent, diminish the 
attractions of the shows. The Association would be glad 
to co-operate with the Royal Agricultural Society, if the 
latter should be disposed to make an effort to get those re- 
gulations rescinded or modified.”’ 


Hosarr Town.—Hobart Town, the capitalof Tasmania, 
and the seat of Government, is picturesquely situated at 
the foot of Mount Wellington, on the river Derwent, about 
twelve miles from its mouth. The harbour is easy of access, 
well sheltered from winds, and with sufficient depth of water 
for vessels of the largest tonnage ; there is also ample wharf 
and dock accommodation. The city wae forms nearly a 
square, and is built on a succession of hills. In area it 
covers within jits boundaries about 1270 acres, and has a 
pulation of 19,000 persons. The streets, the aggregate 
ength of which is 36 miles, are wide and well laid out. 





BRIDGING THE SCHUYLKILL.—A bridge over the Schuyl- 
kill at South-street, Philadelphia, has just been completed. 
The contractor for the construction of the bridge was the 
late Mr. J. W. Murphy, who died before the work was 
finished, the completion of the contract thus devolving upon 
his executors. The bridge was commenced in March, 1870, 
and was to have been finished in 2} years. The delay in 
completing the work was attributable in great part to a new 
system of draw. This draw did not work well and had to 
be replaced by another, the delay thus caused being very 
considerable: The bridge is a oo stone structure, 
2000 ft. long and 55 ft. wide, except. the draw-span, which 
is 26 ft. wide. There are two foot-walks each 10ft. wide, 
with a roadway 25 ft. wide. ‘The two main abutments are 
of granite 62 ft. by 45 ft. outside measurement. The piers 
are composed of thirteen cast-iron cylinders fastened to the 
bed rock. The pivot pier is made up of a group of nine 
columns. The draw span turns on a Seller’s patent centre, 
and is, when opened, protected by_a fender 250 ft. long. 





July, which is the harvest month of a large portion 















































[Fes, 11, 1876, 


o 
Z 
ee 
fx) 
(2) 
a 
© 
Z, 
t2) 





*peaoidds seq 
svq pesodoid oyy, ‘suoprey oTqQNg oY} pu’ sy10M sus oT4 
0} snonSyU0d ‘490148-d1QIJOUII) Ul SNUTULIE, U1q,10U O74 
Suryeur 10f woyso0unw'yT Jo worzwsod100 oy} PUY yUsUTUIAAOK 
UvIUvUsEy, 043 03 uBd wv peyrmqns seq Auvdu0d oy, 
‘umop puv dn urer Aprep 8 uni 0} Auvduroo 04} Aq opvut 
weeq oAvY syusueZuviie Areuronperg “qovoo fq 1040 403 
oq 0} [148 SBy coMVysIp sIq} ‘ eSpliquny, puY spuog [HIV 
190440q SoTtur Fo Jo wOT}de0xe OY} GBA ‘UOTOUNL ofepuBA 
0} SNUTULIEZ WMO, HOH ey} Wor; pousdo puv peze,du00 
m90eq SBq OUT, SILT —'hompwy ew] wo wovinwsny 

*mozsfs ABATeI 9831 0} Zurppe 
Aysnowysnpur st pus ‘uorvsedo ur oul, JO seyiu O9T Mou 
suy BABr “BAL UI SABM[TEI JO MOTJONIZSU0D OY} poez09] 
-Zou suvour ou Aq oavg young oy ,—‘'shvajwy uvave 


“S}OP OSE"FSL‘9 ST OZST JO SBurpraq 
WOTIQIYXG [VIUUs}WE) UVOLIOUTY O44 JO 4800 pezVUITyse OTT, 
“s}OP 000'0G8'G 3809 S7gT JO sBurppinq uopqIqx” vuUET A 
SUL, “SOP S9L‘96SF SBA LOgT JO UOT IQIYXY savy on} 10y 
popooie sSurprimg 94} Jo 4800 oY —‘shurppng worprquyag 





SWS N 


NY 
a 


Wit § Ws 


i 
WU if LSS 


Ss 
HY | 
fy Ss 


TR 


SHUO ASAVOO AOA STTIOU ‘IVHLISAVIO LV SYHOM ONISSATUGAUO 





*YSINOY 0} MOOSOPT UOJ OUT] OY} WO pauTE;qo mI0q eAvY 04 
P278}8 O18 S}[NSaI [NJssaI00Ng ‘seAT}OUTOIOT IO; 873] peo 
8B 8zq ST] OLTZOoTo YIM Suyusursedxe useq oavgq s1edsvav wi 
Aeamper uvissny—shompwy sof spybvyT 9100)q 


“shea 
“Tel FSAI], YHA worxoumoo ur s1944q3 YorqA plod Te 
you ATIVITO SI 4T “OAT9OOL 0} SIVILIV O[GBAOPISUOD [48 OSTV 
GAB 810}0BIZUOO-Gns 04} Jo [BIZADG BA S19INOGV] 
oq} JO yuomXed og} A0f 19A0 popusq wa20eq soy 20004 
eulos Jo yuompeysar ue Ayuo ‘sxI0M ONqng Jo ArysTUTW 
ysryiny, og} Aq 810}0¥.13000 073 0} Suramo 7900'0g JROGe Jo 
souBTeq BJO WO “poyaye wseq yok you s¥q ‘JoTUOpey pus 
‘eao[logt 0} wIqdog wlOIy OUT, B UO pezNdeKe syxIOM 10940 
pues Juy4no ey} JO yUeUIUIAAOF YsTyIny, og} Aq uorde0 
“ol oaTpUgap OL —haysny, up woyonsjsu0y Aooywy 
“S197 EM 
{SANT Ul [VALLIY Jey ooUTS ‘OULU, Jo 1oqSTUI YsTyINy, 
ogy Aq peqoodsuy AyTeroyo useq svq Yorpuossayy Oy], “pusy 
-Buq wory snzoqdsog oq} ul yno poate seq ‘qorpnos 
“82 04} ‘pepuod qstyiny, Mou Y—favy ysmany oy], 





“SYIOM 104VA 07 “7000'O0P Pus ‘shearer Jo 
WOTPN.T}SMOO OY} OF POZOASp Oq OF ST “2000‘OGS°T WOT SIG} Jo 
spae00id 943 JQ “yoyIvUl uopuoy oy} uodn Ap1048 sous 
-Ivedde st oYVUI 0} pozedxe st syNOG¥eIEG3 10 *7000'000'S 
10} WUC] UVLO A Y—"0é0}A WM SI40M 99NT 
*pepooZou AToaryer 
~eda100 ‘19A0MOY ‘[I4S O18 48°. 48914) OY} JO S901NOSEI [BOO 
q8¥a OY} [800 04 prvser by “Buyuyar [woo wVGy o781 pidws 
889] B 48 SUBOLIEUTY 04} Suoue psouvaps oavy 03 avedde 
SnY} p[nom Surywuruosy = “8U0} 00)'000'S OF popuvdxe pey 41 
‘gust Ur £ SO} 000'00 4% POO}S 897475 pezTU() 04} Jo WOTjONp 
~O1d MOMT OF} OEST UI SU} 0N0'00'SF 07 UMOIS poy [e304 
Burpuodses100 04} ‘¢LgT UI * [BOO Jo suo} OGL‘ZE9 peonpoad 
8097S PHU OFF OESI WI—"Mosy PUD 1000 WHOMOMy 


“s[rwa 
[9948 JO saprar j89 19q}0%0}{8 pre, Mou svq Auedur0o oy, 
‘rvak ysud 04} Supinp spres [9048 ym sotror $7 puv s[rwr UOIT 
MOT UFLM PIBlor W99q OABY OUT] FBG} JO sa[TU ETT 4¥q} “q10dar 
TenUUs sty Ut ‘sazu3s Luvdm0D pRorpey oulepy pus UOsOg 
0q} JO yuapisoid on —'sazn2g PazrUy oy} Ws s)-OY 10019 





} 





(-Z0r 40g 908 ‘woudisoseg 40,7) 





7 “pespriq 
pus papeld st sofTUI gz yuq TTY pus ‘our oy} Suoye je uo 
pelts Suteq st YIOM ‘“Uoyeldmoo Surqovoaddy Aypidex 
st ‘syodvuuy 48 ry syodvuny pus Jospul AA O49 4zTA 
yyNouLIeX jo 410d oy4 Surouu0s ‘eyoog Baony jo ABATE 
SoTFUNODH WIEAseM OUT —'Yyoog vaon we shwayoy 

*pozsn{pe Apiioyoussyy¥s useq Suaey orTeUUOIss80N00 
OY} PUB FUSUITIBAOL) [VTMOTOD) o4} WeeM{eq TOsLIV Pad b See 
seousiegip Urez100 “Ayrpidei yy presto; poysnd Zureq 
O1B Bpleg 0} MOZIY UlOIJ OUT] B UO SYAOM OUT, * 100 
Bureq Jo yu10d 043 WO or¥ s19440 oTIY A “ULIOSTY ut pofoarns 
Butoq ore AvMed Jo sou] peicAog—‘sivmpwy woweb)y 
“£8 wor Jo sopra Zogp Ape] pus ‘soyrur 
9LZ'TT pozotdures pey vissny ‘czgT ‘oun uy 3/81 ‘oun ut 
oul poyetduros jo sorrUr [906 P¥Y exrdme ut onsny 
oyL, “woruviedo our serra ¢Z0'FT 4qSn01q poy AuwuLIes) 
*GL8I ‘1040790 Ul “seflul QIG‘TT Suryiom sea os | 
*GL8I ‘Wore Uy “wor Ur OUT] JO sorTUT EFF‘9 
UVyIg 4¥e13 ‘c/gT ‘19q0;90 Ul—‘edoung w shooywoy 
‘SELON 'TVINOTOO GNV NOMHOA 


GHL 











Fes. 11, 1876.} 


ENGINEERING. 





107 
















































































ae 


Tue general arrangement of pistons upon this system 
possesses nothing novel. The packing consists of two elastic 
superimposed rings or exterior segments of cast iron, and 
each in one piece, but cut through in one place. Within 
them is a third ring similar to the former, its height being 
equal to that of the two outer rings collectively. In the 
body of the piston are three screws placed at equal distances 
apart, and with the ends bearing against the inner face of 
the inside ring. By means of these screws the piston can 
be adjusted to be perfectly central in relation to the cy- 
linder. (See Figs. 5 and 6.) 

The improvement in the system of manufacture con- 
sists in the method adopted for giving to the two rings the 
elasticity required. In order that the rings should exert 
a uniform pressure over the whole of their surfaces against 
the inside of the cylinder, they are at first subjected to 
pressure at various equidistant points around the peri- 
phery, by means of a series of radial screws, as shown in the 
drawing, the sum of the pressure exerted by the screws 
being equal to that which it is desired the ring should exert 
on the cylinder. When it is so compressed, the ring is re- 
duced gradually in thickness until the desired interior and 
exterior diameters are obtained. After each operation the 
ring is released, and is then again subjected to the radial 
compression, the operation being repeated until the thick- 
ness desired is obtained. The outside of the ring is finally 
turned after it has been subjected to the radial pressure, 
the form thus obtained being preserved while the outside of 
the ring is being turned. It will be apparent from the 
foregoing that a ring so treated will be truly circular 
when it is in its condition of work, that is to say in the 
cylinder 

_ The apparatus employed to reduce these rings to the de- 
sired form is shown in the illustration above, from which 
it will be seen to consist of a mandrel and face-plate 
mounted on the spindle of a lathe on the face-plate, 
tpon which twelve screws are arranged, each of which gives 
motion to a slotted frame, through which passes a sniall 
spindle with a spiral spring, as shown. This spring tends 
to force the spindle forward towards the centre of the lathe, 
and when the piston ring is in place this pressure is exerted 
upon the outer face of the ring, a small distance-piece of the 








DUBIED’S METHOD OF TURNING PISTON RINGS. 
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form shown being introduced between the end of the screw 
and the ring. ‘This latter is in this way compressed over 
24 points of its circumference, and for larger pistons the 
number of points of compression is increased. The spindles 
have threads cut at their lower ends, on which two nuts are 
placed, as shown, and by which the pressure exerted on the 
ring may be regulated. In order to determine this pressure, 
the face-plate is turned, so that each spindle is brought in 
succession into a vertical position, with the ewed ends 
downward, and is weighted with a load corresponding to that 
which it is intended shall be exerted against the ring. When 
all the spindles have thus been adjusted, the ring is put in 
its place, the packing pieces are interposed between the ring 
and the ends of the spindles, the latter are moved for- 
ward until they take a tirm bearing, and the ring is thus 
equally compressed at twenty-four different points. For 
turning the outside of the ring, the latter is held fast by 
means of bolts upon a disc, the radial compressing screws 
being run back out of the way of the tool. Assuming that 
during the process of turning the two outer rings, each of 
them is compressed, as shown, by twelve springs, each 
exerting an effort of 15.4 lb., and that the inner ring is also 
compressed by the twelve springs exerting a pressure of 
83 lb. each, the total pressure exerted by the three rings 
when finished amounts to 765.6 lb. The diameter of the 
cylinder being 7§ in., and the height of the rings 1.65 in., 
the area of the latter is 39.5 square inches, and the total pres- 
sure exerted against the cylinder is 19.4 lb. per square inch, 
Under these conditions the piston works satisfactorily, re- 
maining perfectly tight under a steam pressure of 100 Ib. to 
the inch. 

This system, says the Révue Industrielle, to which we 
are indebted for the foregoing, has not been patented in any 
country, so that it may be freely adopted by manufacturers. 








Tae Frencu Inon Trape.—Merchants’ iron has been 
quoted at Paris at 71. 4s. per ton. In the Nord prices are 
at nearly the same level; there are, however, reasons for 
supposing that it would be possible to conclude transactions 
at lower rates. Quotations for Rig have ranged from 21. 8s. 
pares2> 5 ~: pealeataaeahaaales . Business has been 
generally dull. 
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WHAT IS STEEL? 


To THe EpiTor oF ENGINEERING. 


S1r,—As you will probably notice Mr. A. L. Holley’s 
lecture, ‘ at is Steel ?’’ in an article, I forward you a 
copy of _—— on the subject read at the meeting of the 
Mechanical Engineers at Manchester, in which you will see, 
pages 269, 270, that I am far from holding the views attri- 

uted to me by Mr. Holley, and that instead of pre | 
to fix the limit of steel by the tensile strength alone, 
would express what is wanted to be known by two num- 
bers which should represent tensile strength and ductility ; 
indeed, for constructive purposes ductility is in my opinion 
of more importance than tensile strength, provided anes 
that the great desideratum, soundness, is first obtained. 
I am, Sir, yours faithfully, 
JosEPH WHITWORTH. 
The Firs, Manchester, February 8, 1876. 








KEYWAY CUTTING MACHINE. 
To THE EDITOR OF ENGINEERING. 

Srr,—Noticing in your last issue an illustration of a 
key-grooving machine, we conclude, from the omission of 
any reference to ourselves, that you were unaware of our 
being the makers of this machine, and we should be obliged 
if in your next issue you would be good enough to supply 
the deficiency. It is perhaps worth while remarking that 
the machine is specially designed for working on the crank 
axles of locomotives. 

We are, Sir, your obedient servants, 
SuHarp, STEWART, and Co., Limited. 
Wii114Mm StTxzeLe TomEINsS. 
Atlas Works, Manchester, Feb. 8, 1876. 





Lonpon AsSOcIATION OF FOREMEN ENGINEERS AND 
DravGHrsmMEN.—At the meeting of Saturday 5th, in the 
Society of Arts, Mr. J. Newton, C.E., in the chair, Mr. 
Samuel Griffiths and Mr. C. R. Parks, C.E., were elected 
honorary members. Afterwards Mr. read a -— 
on ‘‘Improvements in Printing Machinery,” and Mr. 
Dobson on ‘‘ Railwa; iage Springs.’ Interesting dis- 
cussions followed. anniversary festival of the Asso- 
ciation was appointed for February 19th, at the London 
Tavern, when Mr. Moreland, C.E., will preside. 
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BRIDGE OVER THE DOURO. 

Ar the commencement of the year 1869, the Portuguese 
Government decided upon the erection of a new iron bridge 
over the river Douro, at a point about 85 miles from its 
mouth, and near the small town of Regoa. The contract 
for the work was given to Mr. Harkort, of Westphalia, 
and the erection was commenced in the summer of 1869. The 
work was completed in the autumn of 1872, and the bridge 
was opened to the public in the December of the same year. 

Considerable delay was occasioned in the completion of 
the work, by difficulties arising from heavy floods in the 
Douro, as well as from the scarcity of labour and materials 
in the district. Stone indeed was plentiful, and the quality, 
especially of the granite, was good—while the local masons 
and bricklayers were reliable workmen—but all other ma- 
terials, including indeed a large part of the timber employed 
for the scaffolding, and the whole of the contractor's plant, 
were sent from Germany, whilst, with the exception above 
named, all the workmen came from along distance. These 
conditions rendered it the more necessary to simplify the 
mode of erection, reducing the quantity of material, and 
the amount of labour as far as possible. 

The bed of the river as shown in Fig, 1. page 110, con- 

sists almost entirely of compact limestone ; the left bank 
rises with a steep slope, but the right bank has only a slight 
inclination, and is covered with a thick bed of soil. The 
bridge is divided into six spans, four of 158 ft. 9} in. each, 
one of 259 ft. 10 in., and one of 57 ft. 9 in., making a total 
length of 952 ft. 9 in. The original design of Mr. Harkort, 
which indeed was the one accepted, provided for six spans of 
158 ft. 9} in. each, but this plan was of necessity departed 
from during erection, on account of the difficulties of 
getting in one of the piers near the left bank, where no re- 
liable foundation could be obtained, a circumstance left un- 
noticed by the Portuguese engineers who made the prelimi- 
nary survey. It was not discovered, indeed, until some of 
the piers were in place, and as it would have been a tedious 
and costly work to have formed a reliable foundation for the 
pier, it was decided, as a lesser evil, to shift it out of its 
original position, by 98 ft. 5 in. By this alteration 
the pier was built upon almost dry rock. The shorter span 
was rendered necessary because it was not possible to 
strengthen the structure for the increased span of 328 ft. 
The construction of the girders will be understood on re- 
ference to Figs. 1 and 2, and will be seen to be light 
structures of the Schwindler type. Transverse girders con- 
nected in the centre of their length by double T longitu- 
didal beams, are attached to each panel of the main girder 
at distances of 19 ft. 5in. Upon the longitudinal beams, 
and on the bottom flanges of the main girders, oak joists 
10} in. by 6} in. arelaid. ‘These carry the roadway, which 
consists of oak planking 2} in. thick. The footpaths are 
carried upon joists 84 in. deep bolted to the cross girders 
and covered with 2in. planking, so raising it above the 
road level. Longitudinal beams are laid close to the main 
girders, thus limiting the width of the footways. The 
roadway is 14 ft. 8in. wide, and the side paths are each 
314 in. wide. Each pier carties the fixed bearing of 
one span, and the expansion bearing of the adjacent one. 
The weight of the structure per foot run is 846 1b. for the 
158 ft. 9}in. spans, and 16121b, for the 259ft. 10in. 
span. The headway of the bridge was regulated by the 
data relating to the highest known flood of the Douro, which 
took place in 1860, when the water reached a level of 72 ft. 
2 in., above its ordinary low level, and rose to this extra- 
ordinary height within 60 hours, The underside ef the 
girders was placed 13 ft. 1}in. above this highest flood 
line, so that the total headway above low water is 85 ft. 
84in. The high water sectional area of 1860 amounted to 
60,657 square feet, and assuming the velocity of current to 
be 13 ft. per second (a velocity sometimes increased), about 
860,000 cubic feet are passed per second. At ordinary low 
water this quantity is reduced to 19,800 cubic feet, This ex- 
traordinary variation arises from the topographical features of 
the surrounding country. Large masses of snow accumulate 
every winter on the high lands where the Douro takes its 
rise, melting rapidly some time later, and together with fre- 
quent heavy rainfall, find an outlet only in the rocky 
channel of the river, which is flooded as above described in 
a few hours. The highest floods generally take place in 
December and January, and cause considerable damage 
almost every year, From the beginning of November till 
the end of April, there is a constant variation in the water 
level, so that river works are difficult of execution except 
between. May and October, and even during this period a 
heavy rainfall not unfrequently raises the water level from 
6 ft. to 10 ft. On one occasion in 1870, while the works 
were in progress, the river rose 36 ft. Gin. within 28 hours 
(see Fig. 1). 

These peculiar conditions offer very great obstacles to 
navigation, and were until the last few years the more 
serious, as the river was the only means of transit bet ween 
the coast and the interior, Navigation is only possible 
luring a few months in the year, and is dangerous under 
the best conditions, owing to the rocks which are scattered 
over the bed of the river. 

The bridge piers were built of limestone faced with granite 
obtained almost close to the site, and are very slight, their 
height being taken into consideration. No. 4 pier for example, 
see Fig. 1, is 91 ft. 10 in. high, and at the base the 
diameter is 14 ft. 9 in., reduced twice, until at 72 ft. 24 in. 
ubove low water it is 8 ft. 2pin. At this level a cornice is 


carried up square as shown in Figs. 1 and 2. With the ex- 
ception of No. 4 pier, all the foundations were laid on dry 
rock which was carefully levelled. The lowest course of the 
piers consist of granite set in Portland cement. In the foun- 
dation of No. 3 pier the bed rock had to be filled and levelled 
with concrete, as some trouble was experienced with water 
flowing through the fissures. The rock at No. 4 pier is ex- 
tremely hard, and the slope such that on the land side 
the depth of water is 39 in., and on the river face 8 ft. 2 in. 
The area of the foundation was enclosed by a cofferdam, 


and filled in with 3}in. planking, the inner face of the dam 
being strongly stayed to the outer. This structure was 
floated into position, but the work of fixing it was one of 
considerable difficulty, as no attachment could be made 
to the rock. It was moored, therefore, to heavy stone 
blocks, and anchored by chains to the bank. 

The cofferdam was lowered into position by means of a 
scaffolding provided with four timber girders 59 ft. long, 
resting on tressels erected on pontoons. We shall in an 
early number publish details of this part of the work, show- 
ing how it was carried out. 

(To be continued.) 








WHAT IS STEEL ?* 
By A. L. Hoitry. 

Tue general usage of engineers, manufacturers, and 
merchants, is gradually, but surely, fixing the answer to 
this question. In every country rails, boiler-plates, and 
machinery bars, whether hard or soft, are almost universally 
called steel, when they are made from cast ingots. Other 
names for the softer steels, such as ‘‘ homogeneous metal,”’ 
‘* Bessemer iron,’’ ‘‘ Martin iron’’ and the like, have failed 
to obtain general recognition. 

The meaning of the term steel, before it was enlarged to 
cover newly developed varieties, has been traced, by a recent 
writer, down through Perey, Shakspeare, and the Bible, in 
a most interesting ‘manner, from an archzological point of 
view. Undoubtedly it did characterise hardness and other 
qualities imparted by carbon. It is within the memory of 
most of us, that all steels were tool steels, and that the soft, 
structural varieties were introduced—varieties which harden 
but little, which bend cold, and which, in many physical 
properties, are akin rather to wrought iron than to tool 
steel. But, since both the hard and the soft steels are made 
by the same processes, and have their great, distinguishing 
structural feature in common, viz., homogeneity resulting 
from fluidity, it has come to pass, despite every other pro- 
»osed nomenclature, that all the compounds of iron which 

ave been cast in malleable masses, are called steel, the 
term wrought iron being still confined to malleable iron made 
from pasty masses, and hence laminated in structure. 

No inconvenience has been found, so far, in distinguish- 
ing between the more or less carburised products, in general, 
by the terms “‘ high steel,’’ “‘ low steel,’’ “‘ tool steel,” &c., 
and, in particular, by prefixing the percentage of carbon 
and other ingredients, tothe term steel. Steels which con- 
tain distinguishing ingredients other than carbon, are 
called ‘‘ chrome steel,’’ ‘‘ titanium steel,’’ and the like, 
just as variously compounded brouzes are called ‘‘ phosphor 
bronze,” ‘‘aluminium bronze,’ &c. Thus the combination 
of several words or symbols, and figures, may completely 
disclose the characters of the metal, in terms that are 
subject to no misunderstanding. 

But inasmuch as several high metallurgical authorities 
and clever writers have of late proposed to disturb this 
natural and somewhat settled nomenclature, it seems im- 
portant to consider the claims of the various classifications. 
[ shall attempt, in this paper, to show that the existing 
classification is more scientific and more convenient than 
any other, and that those others which have been most pro- 
minently brought into public notice are radically defective. 

1. The most common objection to the existing enlarge- 
ment of the term “ steel,’’ so as to include the soft steels, 
is that it ‘‘ pirates’’ a time-honoured term, and applies it to 
a thing which is very different in many of its qualities. 
People who know nothing about steel, except as they use 
it in cutting instruments or read about it in classic authors, 
say that it is brittle, hard, and resilient, and they are much 
shocked to hear that it may also be soft and ductile ; just as 
any one who knows nothing about india-rubber, except in 
the form of springs, would be astonished to find that one 
change in manufacture turns it into water-proof clothing, 
and another, into hard, crystalline instruments and jewel- 
lery. The terms “ hard-rubber’’ and “‘ soft-rubber,’’ as 
used in technical literature and commerce, have not given 
rise to any serious misunderstandings. People who do not 
know that the great bulk of the material made by steel 
processes, and having every ingredient and structural 
arrangement of the old steels, is, nevertheless, soft and 
ductile, and that it would be unsuitable for rails, plates, and 
the like, if it were not soft and ductile, are not to be con- 
sidered authorities in this diseussion, any more than a deco- 
rative artist in coal tar would for that reason be an autho- 
rity on aniline colours. 

Where a material is gradually developed into new forms 
and qualities, there must be some general name to cover 
the various classes of metal ; and whether it is better to 
enlarge the boundaries of the old one, or to arbitrarily make 
a new one, which new one must, from the nature of the 
case, merge into the old one, there being no natural dividing 
line, will be further considered throughout this paper. I 
venture to assert here that the charge, specially brought by 
the inventors of new definitions, against the existing use of 
the term ‘“‘ steel’’—the charge of upsetting the recognised 
order of things—is wholly without foundation. Nobody 
invented the term “‘steel,”’ as applied to the soft homo- 








placed on the pier, and for the remainder of the height it is 


* A paper read before the American Institute of Mining 
Engineers. 





built of main timbers placed 6 ft.6 in. apart, braced together. 


geneous products, There has been no natural or obvious 
place in the gradual gradation from hard to soft steels, to 
inject a new definition. As the possibilities of the crucible 
process were enlarged, the first soft product was hardly 
more than a variation from stan carburisation ; the 
early Bessemer and Martin steels, as produced in a success- 
ful commercial way, were hard, and, in fact, it is only quite 
recently that refractory materials have been adopted, by 
means of which the slowly receding standard of carbon in 
cheap steels, has reached a tenth of one per cent. The same 
general name has been thus necessarily preserved, for the 
products of the same process, but its boundaries have been 
enla: to admit new varieties, and a gradual growth of 
sub-classification. So that whatever the merits of any 
arbitrarily devised nomenclature may be, it must bear the 
demerit, whatever that is, of upsetting existing order and 
development. 

2. A more common form of this objection is, that a 
blacksmith would not ise the soft metal as steel. 
‘A blacksmith,”’ it is said, *‘ calls that steel which will 
harden and temper, and blacksmiths ought to know what 
steel is.” There are various answers to this objection : 

I. If familiarity with soft, coking coal teaches a black- 
smith how to burn highly carburised anthracite in his 
smithy, then his knowledge of highly carburised tool steel 
onght to teach him what soft steel is. Hard coal is none 
the less coal because it does not respond, like soft coal, to a 
blacksmith’s coking process, nor is soft steel any the less 
steel because it does not respond, like tool steel, to his har- 
dening process. Anthracite coal was introduced long after 
bituminous coal was in general use, and the “ pirating’ of 
the time-honoured name “‘ coal”’ to describe this material, 
which is so different in many of its qualities, has not led to 
any vast inconveniences. -It may be said that the parallel 
is incomplete, because both hard and soft coals are really 
the same thing, only changed in composition and structure 
by natural processes, and that they both respond to the 

ractical test—the influences of heat and oxygen. So are 

rd and soft steel the same thing, only changed in compo- 
sition and structure by natural laws; and so do they both 
respond to the influences of heat and oxygen. Coals are, 
in fact, more diverse than steels in their carburisation, 
structure, and strength, and in their requirements of treat- 
ment. If old nomenclature is to be held as a final criterion, 
then the modern condensing steam engine should be a “‘ low 
pressure engine.”” The fact is, on the contrary, that it is as 
often ‘‘ high pressure”’ as any non-condensing engine. 

The determination of previously unknown intermediate 
forms and functions is constantly enlarging the boundaries 
of all general classifications, and introducing sub-divisions ; 
hence the criterion of old classifications is inadequate and 
worthless. 

II. If hardening in water is the determining character- 
istic of steel, who is to define “‘ hardening ?’’ As a matter 
of fact, all products of the crucible, Bessemer vessel, open- 
hearth furnace, and feeding furnace, containing about a 
quarter of a per cent. of carbon, will perceptibly harden in 
water, just in proportion to the carbon contained; and 
every one of them, however little carbon it contains, will 
harden in some degree, as far as existing tests can deter- 
mine. ‘‘If the product will make a tool, it is steel,” says 
the blacksmith. What kind of a tool? Is an agricultural 
tool iron and a cold chisel steel ; or does steel begin between 
cold chisels and razors, and if so, where? A water-hard- 
ened tool, perfectly adapted to certain uses, may be made 
of Bessemer steel, containing half a per cent. of carbon. 
The same Bessemer ingot may make a good rail. If one- 
half the ingot is steel, why is the other half iron? The 
line must be so defined that people will agree upon it. Does 
it lie between thirty-hundredths and thirty-one hundredths 
of carbon, or between ninety-nine hundredths and one per 
cent? 

Obviously, no two men can agree on the amount of any 
hardening element which may constitute steel. And if 
they could agree, it would ouly be after a quantitative 
analysis had been made in all close cases. 

Ill. A recent writer in the Engineering and Mining 
Journal (Aug. 28 to Sept. 18, 1875), makes a number of in- 
genious objections to the use of the word “ steel’’ for all 
compounds of iron which are cast into malleable masses. 

I. The term “‘ steel’’ is said to be so vague that some 
words must be added to it to indicate the very dissimilar 
classes of steel, and the necessity for this explanation is 
deemed objectionable. 

This objection is best answered by its author, who says, 
in the same column, that it is desirable to discriminate 
between the different classes of iron, and proposes the fol- 
lowing brief and convenient nomenclature :—‘ Cast steel, 
welded steel, homogeneous wrought iron, homogeneous 
iron, welded wrought iron, puddled steel, puddled iron, 
blistered steel, Bessemer steel, Bessemer wrought iron, 
open-hearth wrought iron, Ucatius steel, Ucatius wrought 
iron, crucible steel, crucible homogeneous iron, &c.’’ This 
classification, he says, shows whether the metal ‘‘ has the 
properties given by carbon.’’ Now, every one of these 
metals has properties given by carbon. The percentage of 
carbon must be mentioned anyhow, so why not briefly say 
twenty-carbon steel or forty-carbon steel, and so denote 
both its carbon value and its homogeneity ¢’’ 

The objection in its common form is, that the one 
word “‘ steel’’ does not, without farther explanation, define 
the various classes of metal referred to. Neither do the 
words ‘‘oil,’’ ‘coal,’ “rock,” “brass,’’ nor great 
numbers of general names, express the sub-classes referred 
to; nor can any word nor any simple sentence define them 
all. The objection holds equally against all possible general 
classifications, and the only way to avoid it here is, not to 
have - general classification in the iron business. 

II. The writer referred to objects to calling the soft ho- 
mogeneous compounds “‘steel,’’ b it is eti 
difficult to tell whether they were made from cast or from 








pasty masses. It is true that a well-worked puddled iron, 
rather high in carbon, and a low steel with about the same 
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carbon, cannot be distinguished very easily by means of 
ordinary observation and simple tests. 

I will in answer to this objection quote the same writer, 
who admits the impossibility of any perfectly adequate defi- 
nition, by saying that “classifications are based on impor- 
tant differences between the classes they separate, and not 
on the facility of distinguishing those classes sharply.’ 
Now there are important structural differences between 
puddled irons and cast steels which look alike—differences 
which will make themselves known after sufficient stress 
and wear ; but is the difference between two steels, ing 
only by a hundredth of a per cent. of carbon, one of these 
‘important differences’’ upon which an adequate classifi- 
cation may be based ? 

The me | answer to the objection, however, is this :—Ad- 
mitting, for the sake of argument, that a considerable 
range of wrought irons and low steels cannot be distin- 

ished by the observation of their fracture, nor by bend- 
ing, nor by the usual quick mechanical tests ; people do not 
largely purchase iron and steel by sampling individual pieces, 
as they would cigars ; they purchase by specification of manu- 
facture ; for instance, the Pennsylvania Railroad Company 
specifies 0.35 carbon steel for its rails, meaningly ‘“ steel,”’ 
that it shall be homogeneous or cast ; and from 0.30 to 0.40 
carbon is recognised by makers and users generally as the 
proper percentage for rails. I note this fact here to correct 
the writer whose objection I am quoting. In trying to ex- 
plain away the fact that such rails are recognised as steel, 
he says, ‘‘ Railway managers do not care much about the 
degree of carburisation of rails said to be steel, provided 
they are absolutely weldless.”’ 

The ractical usefulness of a name does not, therefore, lie 
so much in its discrimination between metals after they are 
made, as in — the method and quality of their 
manufacture. Rails, plates, bars, and iron and steel — 
rally are ordered on the understanding that they shall be 
fabricated by processes and of ingredients which are known 
to have yielded certain endurances to long continued stress 
and wear. If purchasers do not themselves specify the 
ingredient and processes they want, they specify a name and 
grade of metal, such as ‘‘ 0.60 carbon Martin steel,”” which 
refers the manufacturer to such ingredients and process ; so 
that the name completely meets the requirements of the 
case. 

Supposing even that # should be, not difficult, but im- 
possible to distinguish between certain grades of steel and 
wrought iron by the most searching mechanical and 
chemical analyses ; it can probably be determined in all 
cases from synthesis. Lawsuits arise as to the composition 
of material substances about which we have no synthetical 
record, such as a late suit about a certain paving stone, 
based on the question as to whether it was trap-rock, or a 
sandstone altered by the trap-rock that flowed over it. But 
there are almost always sufficient records of manufacture 
to determine whether a metal has been cast cr welded. 
This, however, is an extreme ease ; perhaps it is one that 
could never occur. Destructive tests can, I believe, deter- 
mine in every case whether a metal was cast or welded. In 
the great majority of cases the most simple tests can dis- 
tinguish iron from steel, as at present defined, so that 
practically the existing classification is entirely adequate. 

III. The writer we are quoting misinterprets the current 
definition of steel as calling for a product which is better 
than wrought iron; and then he attacks the definition by 
saying : ‘‘ Who weuld call cold short Bessemer ingots, on the 
whole, superior to the best Swedish iron? ow as cold 
short ingots are altogether nil until they have been re- 
constructed, we must admit that ‘‘a living dog is better 
than a dead lion.”” The bearings of his observation do not 
lie in its application. 

IV. Another objection from the same source, that the 
current definition excludes certain classes of iron heretofore 
called steel, such as ‘‘ blistered steel,’’ ‘‘ puddled steel,”’ 
&c., is at first sight a valid one. But should not the same 
objection also be valid against the old and limited meani 
of the term ‘‘steel?’’ Does the mere fact that ‘‘ puddl 
steel,’’ so called, is carburised more than the usual products 
of the puddling furnace, although less than tool steels, 
does this mere fact of a little more carburisation really 
define steel, according to the old restrictions of the term, 
despitethe fact that the product, so called, has a totally 
different structure which renders it unfit for tools and for 
most other, things that steel is used for? If then the term 
‘* puddled steel’? should be excluded under the old classifi- 
cation, surely the classification now current must not be 
held responsible for its exclusion. 

. Again, classing homogeneous irons high in carbon 
and those low in carbon, under the same name, “ steel,’’ 
is objected to, because the range of properties and uses due 
to variations in carbon are much greater than those due to 
variations in homogeneity. Hence the classification, it 
is said, should be based on carbon, and not on homogeneity. 
Every malleable iron, whatever it is called, contains carbon 
in some proportions, from a trace to the highest attainable 
solution, and since these combinations and the properties 
they im , form a regular series of variations, running 
inte each other, there can be no general carbon classification, 
except by drawing an arbitrary line at some carbon per- 
centage. Now, 1. As the irons for some distance on both 
sides of this line cannot be thus distinguished, except by 
minute analysis in every instance; 2, since synthesis, 
which is the practical matter, cannot be based on a carbon 
specification alone, because it would omit the vital feature 
of homogeneity, upon which depend, for instance, the ad- 
vantages of steel rails over iron rails; and 3, since a classi- 
fleation |based on yo tty furnishes means for dis- 
tinguishing between products, while it also affords, with 
the addition of the carbon fate. a perfect .basis for 
synthesis, for these reasons, I fail to see why a carbon basis, 
which must be arbitrary and revolutionary, could be useful 
or desirable. 4. No less prominent an authority than 
Whitworth has proposed to divide wrought iron from steel 
at the point of twenty-eight tons tensile strength. This classi- 








fication is open to all the objections we have urged against 
the equally unnatural and arbitrary carbon classification. 
How would Mr. Witworth like to gn steel b: 
this definition? Any steel maker can produce a m 
so full of phosphorus and silicon that it will fly into a 
under a sudden blow, and yet it will stand over tons 
statical pull. A steel made with very small proportions of 
carbon and manganese, to the almost entire exclusion of 
hosphorus and silicon, would safely stand the severest 
eee. and stretch perhaps 30 per cent. before ing, but 
still it might barely reach 28 tons tensile strength. A 
puddled iron totally unfit for oun, pit, and rails, might 
stand 28 tons statical tension; while the most pure and 
costly product of the crucible might fail under it. The 
former, according to this classification, would be steel, the 
latter wrought iron. 5. It has been stated that what is 
known as “ malleable iron”’ will confuse the existing classi- 
fication. Seeing that iron is remanufactured into malleable 
iron by a pipe oes process, and not cast while in a fluid 
state into a eable mass, as our specification demands, 
this objection is absurd. Without answering the more 
trival objections, let us consider what we are to do if we give 
up the existing classification. 

I. The old and restricted term ‘‘ steel’’ indicated certain 
age such as resilience, hardness, &c., in an indefinite 

egree, which were imparted by that indefinite amount of 
carbon which gave hardening and tempering qualities. 
Now what shall we call the structural steels? We cannot 
call them wrought iron, because they have all the enume- 
rated features, even hardening and tempering in a gradually 
lessening degree, as carbon is diminished ; and the features 
are not characteristic of wrought iron. Besides, wrought 
iron totally differs in feature of homogeneity, and is rapidly 
Guns out of use to make room for the homogeneous com- 
pound. 

II. We may call these compounds ‘ homogeneous iron,”’ 
but we must then add the percentage of carbon, and de- 
signate them as}‘‘ ten carbon homogeneous iron,” up to say 
‘* fifty carbon homogeneous iron,’’ for there is a vast 
of grades and uses between these carburisations. Now, is it 
not easier to’say ‘‘ ten carbon steel’’ up to“‘ one hundred and 
fifty carbon steel,’ thus mec A the varieties of ingot 
metal? And is the general public likely to agree that ‘‘ homo- 
geneous iron’”’ means metals made from ingots, up to a cer- 
tain arbitrary point of carbon, which nobody can determine 
without analysis, when beyond this point, ingot metal, 
made in exactly the same way and by the same furnaces 
and processes is ‘‘steel?’? The inconvenience of such a 
nomenclature is illustrated by certain streets,in London, 
which are called by one name up to a certain number, and 
by another name the rest of the way—a very inadequate 
illustration, for one can sometimes find a label on a street, 
without making a quantitave analysis. 

6. As the author referred to whose objections I have en- 
deavoured to answer, has offered, not dogmatically, but for 
discussion, a new definition of steel, and has advocated its 
claims with much learning and ingenuity, I think we ought 
to examine it in some detail. He defines steel as ‘‘ a com- 
pound or alloy of iron whose modules of resilience can be 
rendered, by proper mechanical treatment, as great as that 
of a compound of 99.70 per cent. of iron with 0.30 of 
carbon can be by tempering.’’ This is substantially an 
arbitrary division of the carbon point, .30 per cent., of all 
malleabie iron compounds, whether made by wrought iron 
processes or by steel processes. The chief reasons appear 
to be, first, that this division somewhat corresponds to the 
distinction made between wrought iron and steel ata time 
when there were no soft steels; second, that the carbon 
point, 0.30 per cent., is a ‘‘ somewhat critical point in the 
curve representing the degrees to which differently car- 
bonised varieties of iron possess the properties which are 
most affected by carbon ;’’ third, that resilience being the 
chief attribute of steel, it should for this reason form a basis 
of classification. 

I. It is difficult to understand why scientific men should 
be willing to sacrifice a natural classification, which has 
grown out of the necessities of the case, for one that is un- 
natural and arbitrary, on the ground that it embraces 
species which are unlike the earlier species, although of the 
same genus. It is hardly necessary to repeat what 
pe 83 said again and again in the foregoing pages on this 
subject. 

IL. If the 0.30 carbon point is a critical one, which I have 
not practically noticed, and which, for the purposes of this 
paper, need not be discussed, it is stated to be a point in a 
curve, which must be arbitrarily placed, and not the point 
of an angle, which might distinguish homogeneous from 
welded masses. 

III. As to resilience being the most important quality of 
steels, and for that reason the ago basis of classification, 
it is unnecessary to discuss this claim for resilience here. 
The question is whether the importance of a quality can 
make existence of that quality a definite basis of classifica- 
tion when it exists in both classes, ly increasing in 
one and decreasing in the other, and being practically the 
same near the dividing line. 

To sum up once more, the answer to this and to all the 
cases of arbitrary classification : Exact definitions must be 
based on differences which always exist in every form and 

hase of the materials defined, and not on differences which, 
aster great they may be in certain forms and phases of 
the materials, run together at one point, and there cease to 
be differences. If we divide steel from wrought iron by an 
a line of percentage of any ingredient or of modifi- 
cation due to any a there must be some point at 
which the difference between steel and wrought iron is in- 
finitely small. If, however, we define steel as a com and 
made homogeneous by fusion, while wrought iron, although 
the same in composition, is us from v > 
there is always, and at eve: le of the respective ma- 
terials, a large and radical difference. Casting fluid steel 
and welding pasty iron are always distinct in their cha- 
racters and results; they do not at any point shade into 





anak other. The latter classification is, therefore, exact 
and com) 4 

IV. A very serious objection to the proposed division is 
that it occurs at a point about midway in the. range of 
structural steels. It would be less inconvenient, though 
not less unscientific, if it divided the general class of struc- 
tural steels from the more ordinary grades of tool steels. 
Of a pair of locomotive tyres, both made by the same pro- 
cess, out of the same materials, containing as nearly. 
as practicable 0.30 carbon, one might be steel and the other 
wrought iron; or, a pair of locomotive tyres might both 
be steel, the one having been welded up from scrap, and the 
other drawn from a cast ingot; or, one end of the same 
ingot might be steel, and the other end wrought iron, the 
first having been hardened, and the other annealed. The 
convenience of such a nomenclature is not obvious at first 


ht. 
“The author of the pro} definition we are colicieien ing, 
has so vividly portra; the disastrous confusion whic 

would arise from changing a settled nomenclature that I 
can hardly do better than quote him in this connexion. He 
says, ‘‘It is a complete change in the meaning of a word 
that is in every man’s mouth—a change in which the 
interests of the whole civilised world are affected, and in 


contemplating which, the convenience of is to 
be considered. . . . The natural conservatism of 
would prolong this pai period of change to a most un- 


pleasant | h. oreover, the confusion would not end 
till the change had been well established in the other lan- 

of the civilised world. In meeting the word ‘steel,’ 
in specifications, contracts, and, indeed, all literature, 
whether technical or not, whether English or foreign, it 
would be necessary to determine whether it had been written 
before or after the change had been effected 

In conclusion, it seems hardly necessary to again sum up 
what has been chiefly a reiteration, in different forms, of 
answers to criticisms on the present use of the 
term ‘‘ steel,”’ and of the one great objection te the nomen- 
clatures, that they are fatally indefinite. 

The names of new materials and processes, like the laws 
of trade, are’not fixed by the arbitrary edicts of philosophers, 
but they are gradually developed, to meet the general con- 
venience. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
fair average attendance on ’C , at Middlesbrough. 
The market was decid flatter. Pig-iron makers pate. 
No. 3, 50s. per ton, but there were merchants who offered 
this quality at 49s. 6d. per ton. The stocks have increased, 
shipments have fallen off, and the Deng of the finished 
iron trade are not encouraging. These are sufficient 
to account for the decli quotations and to impress 
people with a belief that pig iron prices will be lower within 
the next few weeks. 


The Cleveland Ironmasters’ Association Returns.—The 
monthly returns show that out of 158 blast furnaces in the 
North of England there are only 116 in operation. There 
are six furnaces in course of erection. 


The Finished Iron Trade.—Although there is a ‘fair 
inquiry for different kinds of iron, ordersare scarce, and a 
large number of mills and furnaces continue idle, and con- 
sequently thousands of men in the North of England are out 
of employment. 

The Wages of Blast Furnacemen.—The notices given at 
the various blast furnaces of a reduction of wages expired 
last week. It will be recollected that at the time the notices 


were issued it was observable, that they varied. Owing to 
the lack of unanimity in the action taken by the masters the 
notices were allowed to lapse, and the furnaces are 


in operation as usual, the men receiving the wages as before. 


The Cleveland Ironstone Miners.—On Saturday the ar- 
Mon jenpuoting the pisponsbuuiestion ll eager wilt euckte 

on res: e pro meet in 
London to consider their award. 

I'he Proposed Tunnel wnder the Tees at Middlesbrough. 
—At the monthly meeting of the Tees Conservancy Com- 
missioners, on Monday, it was reported that the river en- 
gineer (Mr. mg had seen plans of the site of the proposed 
tunnel under the Tees, prepared by Mr. Harrison’s assis- 
tant i for the North-Eastern Railway Company, 
and no objection to them. Communication at this 
point between Yorkshire and Durham is much needed. 
A tunnel under the Tees will materially itate the rapid 
development of the coal and-iron trades of the North. 

Engineering and Shipbuilding.—In both these branches 
of industry there is a good deal of activity. Occasionally 
orders for steamers are being obtained eesside builders, 
and it is expected that they will be fairly employed for the 
next few months. Business is better t it was on the 
Tyne, the Wear, and the Humber. 


The Coal and Coke Trades.—There is no alteration in 
the coal and coke trades since our last notice. 


The Britannia Iron Company (Limited), Middles- 
brough.—During the past year, in spite of t 
state of the iron trade, this company have made at their 
extensive works, Middlesbrough, upwards 51,000 tons of . 
rails. The company have also contrived to make a profit. 





Roya. PortuaunsE Rarnway.—The Royal Portuguese 
Railway Company is now —o the last section of its 
northern line into Oporto. @ principal work on the 
section is a bridge over the Douro; a contract for this 


has been let to MM. Eiffel and Co., who have under- 
taken to complete the structure by July, 1877. 
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NOTICES OF MEETINGS. 


THE INSTITUTION OF CIVIL ENGINEERS.—Tuesday, February 15, 
at 8p.m. 1. “On Estimating the Illuminating Power of Coal Gas,” 
by William Sugg, Assoc, Inst.C.E. 2. “On the Probable Errors of 
Levelling.” by Wilfrid Airy, B.A., M. Inet, C.E. 

THE METEOROLOGICAL SOCIETY.—At the ordinary meeting of the 
Society, to be held by kind permission of the Council of the In- 
stitution ef Civil Engineers, 25, Great George-street, Westminster, 
on Wednesday, the 16th inst., at 7 p.m., the following papers will 
be read: “An Improvement in Aneroid Barometers,” by the Hon. 
Ralph Abercromby, F.M.S. “ Meteorology in India in Relation to 
Cholera,” by Colonel J. Puckle, M.S.C. 








D1eD suddenly at Glasgow, on the 3rd inst., Benjamin Conner, 
Esq., Locomotive Engineer, Caledonian Railway. 
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THE ABBOT’S RIPTON COLLISIONS. 

THE inquests upon the bodies of those killed in 
the recent collisions at Abbot’s Ripton held before 
the coroner of Huntingdon, terminated yesterday 
week, when the jury returned a verdict which will 
we think be regarded as in many respects most un- 
satisfactory by all who had carefully followed the evi- 
dence in the case. The verdict is as follows: ‘* We 
‘find that the deaths of the 13 persons on whose 
‘* bodies we have had these inquests were caused by 
‘* the down express cutting through the up express, 
‘in which they were travelling, the up express 
‘having previously been thrown off its own line in 
“ consequence of coming into collision with a coal 
‘* train while shunting at Abbot's Ripton siding, 
“‘ the block system having proved inefficient in the 
‘* case of this emergency. e beg to add that we 
‘* consider that the directors were highly repre- 
‘* hensible in endeavouring to conduct so heavy a 
‘mineral traffic as that of the Great Northern 
‘* without providing a special line for goods transit.” 
We have said that this verdict is in many 
respects a most unsatisfactory one, and we now 
propose to explain our reasons for arriving at that 
Opinion. , 

In our number of the week before last (vide page 
73 ante) we narrated the circumstances under which 
the Abbot's Ripton collisions took place, and traced 





out the series of occurrences which led to such fatal 
results. We then stated that signals, supposed by 
the signalmen to be at danger, had been passed by 
the drivers of four trains, namely, the up goods 
train, the up Scotch and Manchester expresses, and 
the down Taeie express, and we remarked that 
under these circumstances it could scarcely be 
doubted that the signals supposed to be at danger 
really showed white lights, and that the drivers of 
the several trains were consequently not to blame. 
The additional evidence given before the coroner 
since our article appeared proves most convincingly 
that our supposition was correct, and that, in fact, 
the signals at Abbot’s Ripton and the adjacent 
stations were on thenight of the collisions thoroughly 
disabled by the severe snowstorm, the snow freezing 
on the arms and overpowering the balanceweights, 
At Holme attention appears to have been first called 
to this state of affairs by the up coal train running 
past signals previously supposed to be at danger, but 
although means were then taken to clear the signals 
at that station the station master there does not ap- 
pear to have been struck by the idea that the signals 
at Connington or Wood Walton might be similarly 
disabled, and he took no extra precautions in con- 
sequence. Moreover, although the signalman at 
Abbot’s Ripton was informed by the speaking tele- 
graph that the coal train had run by the signals at 
Holme, yet nothing was added respecting those 
signals having been disabled by thesnow. At Con- 
nington, Wood Walton, and Abbot’s Ripton the 
signalmen appear to have been entirely unaware of 
the disablement of their signals, although at the last- 
mentioned station platelayers appear to have been 
on the point of going out with fog signals when the 
first collision occurred. Altogether there is ample 
proof that on the night of the collisions the care- 
fully organised block system of the Great Northern 
Railway had completely broken down, not from 
any defects in the system itself, but from the 
failure of the means by which it is carried out; 
while there is also evidence that, as stated in our 
former article, time was lost after the occurrence 
of the first collision in sending the signal “ line 
blocked” to Stukely, the next station to the south 
of Abbot’s Ripton. Owing to this delay the “line 
blocked” signal did not reach Stukely until just as 
the down express passed that signal station, and thus 
the débris of the first collision was left guarded, as 
far as down trains were concerned, only by the down 
distance signal at Abbot’s Ripton and some fog 
signals put down by the fireman of the up coal train, 
and others (as appears by the later evidence) put 
down by Hall, a siotelager at Abbot’s Ripton. Ac- 
cording to Hall’s evidence two of these fog signals 
were put down beyond the down distance signal, 
and he states that he saw them go off when the 
down express passed over them, The down distance 
signal, although supposed to have been put to danger, 
appears to have shown a white light, and the first 
intimation of danger appears to have been given to 
Wilson, the driver of the down express, by passing 
over the fog signals just mentioned. Subsequently 
he received a further signal by the whistle of the 
coal train engine on its way to Huntingdon, and by 
the waving of a hand lamp by the guard riding on 
that engine, and he then, as we stated in our former 
notice, appears to have done everything in his power 
to arrest his train, but was unable to do so in time 
to prevent the second and most disastrous collision. 

o far the facts are very clear. The up coal train 
while being shunted at Abbot’s ery: instead of 
being protected by the signals at that place and at 
Wood Walton, was really not protected at all, and 
it hence was run into by the up Scotch express, the 
collision causing both lines to be blocked. Time 
was lost in sending the signal “line blocked” to 
Stukely, the down distance signal at Abbot’s Ripton 
did not act when the lever was put over to danger, 
and the down express only getting its warning by 
fog-signal when near this distance signal, had not 
sufficient brake power to pull up in the 1000 
yards or so then remaining between it and the débris 
of the first collision. Let us now see how far these 
facts justify the verdict of the coroner's jury. As 
far as can be judged from their remark upon the 
culpability of the directors of the Great Northern 
Railway, the jury attribute the accident chiefly to 
the working of the passenger and goods traffic on 
the same line of rails, and they ap to have com- 
pletely missed the real points in the case, This is 
the more singular as they state specifically that all 
the deaths were caused by the down express running 
through the débris of the first collision. There is 
nothing, in fact, in the evidence tending to show 








that the collisions were in any way due to the over- 
crowding of the line with goods traffic. The up 
goods train was signalled to stop at Holme, and 
had the signals acted there is no doubt it would have 
stopped there and have been shunted in ample time 
to prevent delay to the Scotch express. Again, 
when being shunted at Abbot's Ripton, the goods 
train would under ordinary circumstances have been 
amply protected by the signals, and the fact of its 
not being so protected has nothing whatever to do 
with the goods traffic. Precisely similar results 
might have happened had the line at Abbot’s Ripton 
been blocked by some other cause than the shunting 
of a goods train. Moreover, as we have seen, the 
jury do not attribute the loss of life to this first col- 
ision, But the up express might have been 
caused to foul the down line, even if the first col- 
lision had not occurred at all, A similar state of 
affairs might have been brought about by the 
breakage of a tyre, or axle, or by some other failure 
altogether independent of the carrying on of goods 
traffic, and this without affecting the final result. 
The real cause of the loss of life was the fact that 
the down express had not sufficient brake power to 
pull up after receiving the warning of danger, not- 
withstanding thata distance of about a 1000 or atleast 
900 yards appears to have been available for making 
the stop. ‘This point appears to have been entirely 
missed by the coroner’s jury; but this is per- 
haps excusable, as the coroner appears to have 
been entirely unassisted by any professional adviser, 
and no evidence was offered as to what could or 
could not have been done had more brake power 
been available. Had the jury been informed on 
this point we can scarcely doubt that instead of 
condemning the Great Northern directors for over- 
crowding their line with goods traflic, they would 
have animadverted upon the absence of continuous 
brakes from the passenger trains, As we stated the 
week before last, there can be no doubt that had 
the down express been fitted with any efficient con- 
tinuous brake it could have been stopped in time to 
avoid the second collision, while had it been provided 
with the Westinghouse automatic air brake, it might 
have been arrested with some 500 yards to spare, 
We may thus repeat that, as we stated in our former 
article, the Abbot’s Ripton collisions simply prove 
that good continuous brakes have become ll svete 
essential to the safe working of our fast passenger 
traffic, and that even the extension of the block 
system has not done away with their necessity. 

The coroner at Huntingdon appeared, from his 
summing up, to have arrived at the conclusion—and 
we think justly—that the evidence tendered would 
not justify a verdict of manslaughter against any 
individual, and in this opinion the jury agreed. But 
we think it curious that no attempt was made to 
ascertain more thoroughly the degree of censure 
which was deserved by those associated with the 
events which led to the collision. As far as we are 
aware no specific evidence was adduced as to how 
long the snowstorm had lasted before the occurrence 
of the first collision, nor as to what steps were 
usually taken to ascertain that the signals were 
working correctly in the event of such a snowstorm 
occurring. Nothing either appears to have been 
brought out as to the means possessed by the 
signalmen for proving the working of their signals, 
the latter not appearing to have been fitted with 
‘+ repeaters, ” ough such “repeaters,” both 
mechanical and electrical, have been long in use on 
some lines. Where these “repeaters” are used the 
movement of the distance signal repeats the signal 
in the cabin of the signalman, and the latter has 
thus direct evidence that his signal has acted. The 
matvers we have just mentioned all sapeet to us to 
be important points, and no doubt further light will 
be thrown upon them in the course of the inquiry 
before the Board of Trade inspector. 

We may here, before concluding this article, say 
a few words respecting the recommendation of the 
Huntingdon jury that “——— lines should be pro- 
vided for goods traffic. ‘That the duplication of our 
most crowded main lines and the provision of sepa- 
rate up and down lines for the fast and slow trains 
would afford great relief to the traffic is of course 
undeniable, but it must at the same time be under- 
stood that the relief would be far from being so 
complete as is generally supposed by the general ° 
public, Ifit were possible to provide entirely dis- 
tinct lines for goods traffic, lines with their stations 
distinct from existing passenger stations, and in fact 
lines not communicating with passenger stations at all, 
then the relief theoretically anticipated might be 
realised ; but under the actual conditions of practice 
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the case is widely different. As our railways are con- 
structed it would be impossible—exceptata cost which 
is not to be thought of—to entirely separate all the 
passenger stations from the goods depéts, and hence 
it of necessity arises that at certain points the addi- 
tional goods lines if provided, must join or cross the 
passenger roads. Moreover, it must be remembered 
that what is wanted is not so much the separation of 
passenger and goods traffic as the separation of fast 
traffic from slow, and hence in cases where main 
lines have been already duplicated, the extra lines 
are not used exclusively for goods trains, but are 
traversed by the slow passenger trains as well, On 
the London and North-Western Railway much has 
already been done in this separation of the fast and 
slow traffic for long distances at the most crowded 

ts of the line, while the Great Northern Company 
ave provided at many points extra lines into 
which goods or slow trains can be diverted to allow 
of their being passed by fast trains, and altogether 
we do not think our railway companies can be 
blamed for neglect of these means of relieving over- 
crowding. It must be remembered that the pro- 
vision of extra lines is in many cases a very costly 
matter, and that our large railway companies, power- 
ful as they may be, have not the command of un- 
limited capital. 








CIRCULAR IRONCLADS. 

Tue Council of the United Service Institution 
showed a wise appreciation of their duty both to 
the naval profession and to the public, as well as of 
the importance of the subject, when they solicited 
Mr. Reed to lecture at the Institution upon the 
Russian circular ironclads. The country and the 
naval officers are alike indebted to that gentleman 
for his willing compliance, and we are glad to record 
that the fairly spacious theatre of the Institution 
was crowded with an attentive audience when, last 
Friday afternoon, the promised paper was read. 
That Mr. Reed should be able to state many novel 
facts about the Popoffkas, after his exhaustive letters 
in the 7'imes last autumn, was hardly to be expected, 
but his views upon the applicability of the principle 
to high speeds were of the greatest interest, and 
were warmly received by an audience not naturally 
disposed to welcome designs of the unshiplike sort. 
We notice one statement, however, which we believe 
is new, viz., that the Novgorod has attained a speed 
of 84 knots, with an indicated horse power of 2270 
—a somewhat startling report, at variance with such 
information as has hitherto reached us from Russia, 
In a former paper on this subject* it was mentioned 
that on a trial in August, 1873, a speed of about 7 
knots only was attained, in smooth water, with 
3000 indicated horse power. Even if error be 
assumed—and it is likely enough—in the reported 
power, the discrepancy in the alleged speeds is ex- 
ceedingly important. We wrote on information 
which we considered reliable, and until we learn 
more of the trial referred to by Mr. Reed shall feel 
compelled to consider the question as at least in 
suspense. 

Mr. Reed took new ground in defending circular 
ironclads from the charge made against them by a 
writer in the Z7imes, that they would be more liable 
than other ships to be destroyed by fixed torpedoes, 
apparently because from their great beam they 
would sweep over a wider track in advancing. Mr. 
Reed showed that there was little force in this ob- 
jection—a much more pertinent fact being that 
they have, in proportion to size, a Jess area of 
bottom to be attacked than other ships—and he 
claimed that their shortness would make them bad 
a for either Harvey (towed) or Whitehead 
(fish) torpedoes, which would in most cases be di- 
rected to the broadside of a passing vessel. The 
extreme ease with which they can be sub-divided, 
and the fact that all vital parts can be kept a great 
distance from the outer skin—which is not the case 
with ships of the ordinary narrow “orm, give the 
Popoffkas, in fact, considerable advantages over 
other ships with regard to torpedo attacks and 
ramming. Mr. Reed's personal testimony to the 
seaworthiness of the circular ships and their easy 
steering was very satisfactory, and produced an im. 
pression among his audience which written words 
could not have effected, 

The most interesting part of the paper was that 
in which Mr, Reed discussed the means by which 
the principle might be adapted to high — 
If we followed his remarks correctly he did not 
look to getting high speed by mere bigness and in- 


* See ENGINEERING, vol, xx., p. 399. 











crease of engine power in a ship modelled just like 
the Popoffkas, but to either (1) enlarging the ship 
and engine power without increasing the armour, 
by building a kind of outer circle of unarmoured 
work surrounding a circular citadel ; or (2) adding 
coal or water-tank ends, of greater or less length, 
so as to approximate to the ordinary form of ship ; 
or (3) making the same approximation, but with 
armour continued out to the ends, instead of con- 
fined to a central circular citadel. In view of the 
experiments being made by Mr. Froude, and of the 
almost total absence of data for a judgment upon 
the comparative merits of forms which are all prac- 
tically strange to us, Mr. Reed wisely refrained 
from advocating either plan exclusively. He, how- 
ever, exhibited a diagram showing a circular vessel 
lengthened—with full water lines—about 50 per 
cent., and—with hollow lines—about 100 per cent., 
or to two beams in length (the alteration may have 
been more or. less in either case; we made no 
measurement or close examination of the diagram). 
We have little doubt that in lengthening to some- 
thing between these limits lies the most promising 
chance of adapting the principle to high speeds, 
though we need hardly say that such a compromise 
is less an adaptation of the circular form than the 
abandonment of it. If our Admiralty should come 
to build ships of anything like these propor- 
tions, it will be fair to remember that such 
a course is but the natural outcome of a process 
which has been long going on, thanks to Mr. 
Reed, in our navy, and to which Admiral Popoff 
has modestly attributed the origin of his own 
vessels, That officer, for a particular and limited 
object, has applied the principle in its extreme form, 
and with much success; but he has thereby 
smoothed the path, rather than led the way, for 
our own constructive department. Should the 
latter want to build a ship with a length of two or 
three beams only, it is likely to meet with less op- 
position now, amongst naval men and others, than 
if the Popoffkas had not been so successful, and it is 
possible that the department might be led to 
produce such a design earlier owing to the testi- 
mony the Popoffkas have borne to the soundness of 
the principle. But it would not be fair to say of it 
that it was merely a modification of the Popoffkas ; 
it would be a modification of our own ships, and 
would far more nearly resemble them than it would 
resemble the Russian vessels. 

In Mr. Reed’s paper, circular ships were compared 
with ironclads of the central-citadel-and-belt type, 
and the exposure of the ends in the latter, both 
from pitching and from local reduction in the thick- 
ness of armour, was justly. noted as a disadvantage, 
while the facts that the armour is of equal strength 
all round and that there are no unarmoured por- 
tions (beyond mere deck-houses) were credited to 
the Popoffkas. A comparison was further made 
with ships on the central-citadel-and-coal-tank-ends 
principle, and the entire want of protection at the 
ends of these was treated as a considerable draw- 
back, In this view we feel great difficulty in agree- 
ing. No doubt it is better that no part of a ship 
should be pierced or knocked about in action, and a 
too free ingress and egress of water, as the ship 
rolls or pitches, might conceivably become danger- 
ous, But parts which are avowedly given up to 
destruction ; which contain nothing vital to the 
safety of the ship; and the flooding of which 
does not compromise the ship’s buoyancy, may 
surely be treated almost as the deck-houses of 
the Popoffkas—that is, their destruction, within the 
limits likely to be reached by the action of shot and 
shell, may be regarded as unimportant. If so, the 
question arises whether it is not actually safer to 
have a vulnerable water-line, the piercing of which 
causes no serious injury, than a comparatively 
but not really invulnerable water-line, the piercing 
of which by one shot may, and probably will, create 
urgent danger of loss. No doubt it is best to have 
no ends at all—that is, to have a circular citadel and 
nothing else, but it follows from what has just been 
said that the measure of advantage gained by this 
is very different, according as it is calculated by 
comparison with the old type of belt ship, or with 
the modern vessel with coal-tank ends—a distinc- 
tion to which we do not think Mr. Reed did full 
justice, perhaps for lack of time. The truth is that 


the most valuable feature of the circular ship—con- 
centration and reduction of armour—is shared with 
the central citadel ship, in which, indeed, it appears 
still more conspicuously, inasmuch as in the latter 
the armour is reall 

to protect the vital, 


limited to the quantity needed 
parts, whereas in the Popoffkas 





it is used to cover the whole ship. No doubt the 
‘‘ whole ship” is but small, and the armour might 
even, as Mr. Reed suggested, be limited to a kind 
of inner citadel, and the circumference be treated 
as coal-tanks, but in that case nearly every conside- 
ration would point to the superior advantages of 
concentrating the coal tanks on the two ends of 
such an inner citadel, rather than all round it. In 
other words, if you begin to try to further re- 
duce the armour of the Popoffkas, by moving it in- 
board, so as to occupy a smaller circle, or, equally, 
to enlarge the carrying power of an existing Po- 
poftka by building an outer unarmoured structure 
round her, you will probably be led to abandon 
the type altogether in favour of that of the In- 
flexible, and it is for this reason we do not think 
high-speed circular ships are likely to be constructed 
= the first of the three principles indicated by Mr. 
eed, 

The entire separateness of the Inflexible type 
from all other kinds of ironclads is a point we have 
frequently insisted on. Long before Mr. Reed 
made the Popoffkasa subject for practical comment, 
we expressed the opinion that the adoption of coal- 
tank ends in the Inflexible was the boldest and the 
most far-reaching step ever taken in the art of iron- 
clad shipbuilding, and not the least important con- 
sequence which we think may flow from it is the 
limitation of advantage in further reducing the pro- 
portion of length to beam. Had the coal-tank 
system never been thought of, the circular form 
would be in the way to achieve a considerable victory, 
that is, the inducement to limit the length of the 
water-line would be so great that as near an approach 
as possible would be made to the circle. But in the 
Inflexible the water-line has ceased to be a terror 
to the naval architect—he simply lets it alone. It 
istrue that he substitutes water for a portion of 
the armour saved, but the balance in his favour is 
so considerable that he is under no inducement to 
reduce the size of the tanks below what will contain 
the whole, or nearly the whole, of the coal supply. 
Starting temporarily on the principle that the citadel 
should be as compact as possible, and fixing its width 
by considerations of internal convenience, he knows 
that the further he extends his ends the more carry- 
ing power he obtains. The increase of weight by 
extending the armoured under-water deck by no 
means keeps pace with the increasing buoyancy, 
so long as the ends are not carried beyond the 
point at which it ceases to be possible, when the 
full supply is on board, to fill the tanks with coals. 
It is obvious that, if no consideration but speed and 
buoyancy (when not in action) be entertained, the 
most effective way to achieve the object of Mr. 
Reed’s inquiry, ‘‘How best to adapt armour- 
plated fortresses for being sent to sea, and steaming 
there at sufficient speed,” would be to build the 
fortress as narrow as convenient, and then mount 
it in the middle of a long and narrow mail steamer. 
In practice this course is modified by two consider- 
ations: First, the necessity for excluding water 
from the steamer, as apart from the fortress, which 
leads us to convert a horizontal slice of the steamer, 
situated at and below the water-line, into a water- 
tight coal-bunker, and which, therefore, causes us 
to limit the length, for want of coals to fill more space 
without an extravagant displacement; secondly, 
the necessity for securing stability after the coal- 
bunker is pierced and flooded, which leads us to in- 
crease the beam and to keep the citadel straight- 
sided, so that it alone (or supplemented as in the 
Inflexible by certain other contrivances) may give 
the stability needed ; and thirdly, the necessity for 
both handiness and cheapness ‘in ships of war. 
Subject to these considerations, and assuming that 
the stability of the Inflexible under fighting (and 
damaged) conditions, is all that can be desired, there 
appears no advantage in very greatly reducing her 
length—that is to such an extent as to constitute a 
compromise with the Popoffkas. If in concentra- 
tion of armour the Inflexible is already ahead of 
the circular ship ; if there exists no scope for further 
reducing the area of armour now found in her; and 
if her length is of no disadvantage to her (because 
involving no practically vulnerable parts, nor any 
extra weight comparable with the increased engine 
power which shortening her would necessitate)— 
then it is difficult to see any ground for making her 
other than she is. 

If these views are correct our answer to Admiral 
Popoff, or rather to those who advocate the wider 
application of his system, should be that we acknow- 
ledge the correctness of the principle upon which he 
has proceeded, as applied to ships of the class existing 
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when his first vessel was laid down, and that even for 
high speeds we think the designers of such ships 
would do well to follow him very closely ; but that 
we have since applied a principle which secures to 
us the chief advantage of his plan in even greater 
perfection, while not obliging us to depart too 
widely from the old forms in which seaworthiness 
and speed have hitherto been found. It would not 
be inconsistent with this answer to add that, should 
we ever need vessels for duties in all respects like 
those for which the Popoffkas have been designed, 
we do not see that we could choose a better model, 


LONDON BRIDGE. 

YeEsTeRDAY week the Court of Common Council, 
at a special meeting held at the Mansion House, 
passed by a small majority a motion which will for 
the present cancel their recent precipitate action 
with respect to London Bridge. ‘The motion passed 
yesterday week was one brought forward by Mr. 
Henry A. Isaacs, and was to the effect that in order 
to relieve the increasing traffic of the city ‘it be 
‘‘ referred to the Bridge House Estates Committee 
‘‘to consider and report as to the desirability and 
‘‘ probable cost of erecting a bridge over or a sub- 
‘‘way under the Thames east of London Bridge, 
“ and that the Committee be authorised to confer 
‘¢ with Her Majesty’s Government on the subject.” 
In a sensible speech Mr. Isaacs quoted the opinion 
expressed by the late Sir John Rennie when the 
question of widening the bridge was mooted some 
twenty-three years ago, this opinion being to the 
effect that the bridge was at present wide enough 
for its approaches, and that the foundations of the 
structure were unfitted to carry the extra load which 
would be imposed upon them were footways carried 
out at the sides as was then proposed. Mr. Isaacs 
added that although between 1867 and last year the 
daily number of vehicles passing over the bridge had 
increased to the extent of 393, yet that the foot 
traffic had decreased, the recent returns showing 
104,159 foot-passengers per day against 110,548 per 
day in 1867; while, with the connexion of the 
Brighton Railway to the stations on the City side 
of the river at Fenchurch-street and Broad-street, 
there is likely to be a further reduction of traffic 
over the bridge. Mr. Isaacs also remarked upon the 
fact that, as we have pointed out on former occa- 
sions,* London Bridge has to accommodate traffic 
which really ought not to come upon it, namely, 
traffic from the vast districts to the east of it which 
ought now to be connected in some more direct 
way. 

Mr. Isaacs’ motion was supported by Mr. W. S. 
Gover; but an amendment on it was proposed by 
Mr. Lyon, who wished the Bridge House Estates 
Committee to be instructed to report upon the 
approximate cost of constructing a bridge east of 
London Bridge but within the City limits, ‘to 
‘‘ascertain the probable effect upon the value 
‘‘of wharf property between London Bridge and 
‘‘the proposed new bridge, if erected; and also to 
‘obtain a return of the number and tonnage of 
‘“‘ vessels discharging and loading in the river within 
‘‘such limits.” Mr. Lyon was particularly anxious 
that the free navigation of the Thames from the 
sea up to London Bridge should not be interfered 
with, and his amendment was seconded by Mr. 
Bengough. Mr. Heginbothom, the chairman of the 
Bridge House Estates Committee, on the other 
hand, opposed both the original motion and the 
amendment and supported the scheme of Mr. 
Horace Jones and Mr. C, Hutton Gregory for 
widening London Bridge—a scheme which we have 
already had occasion strongly to condemn. Mr. 
Heginbothom stated that the present movement 
had been initiated by the receipt of a petition 
signed by 4000 persons urging the widening of the 
bridge, and that since the scheme just mentioned 
had been recommended they had received a further 
petition bearing 18,000 signatures, ‘including 
“eight railway companies, the London General 
“Omnibus Company, the medical staff of Guy's 
‘* Hospital, nearly all the brewers, Messrs. Pickford, 
‘*and Messrs. Chaplin and Horne, begging them to 
‘carry out their scheme as quickly as possible.” 
We have little doubt that the petition here referred 
to had a most impressive appearance, but we must 
remind Mr, Heginbothom that nothing is more easy 
than to get up such a petition, and that a few 
thousand signatures could in all probability have 
been obtained just as easily for at once doubling the 
width of Cheapside, or for a dozen other schemes 











* Vide pages 251 and 307 of our last volume. 








which would apparently benefit those supporting 
the petition, but which it would pad be 
unadvisable under existing conditions to carry out. 

In the course of the long discussion which fol- 
lowed Mr, Heginbothom’s remarks, Alderman Sir 
James Lawrence affirmed that ‘all engineers of 
‘+ eminence concurred that the scheme of the Com- 
‘“‘ mittee was the best that could be adopted if the 
‘* bridge was to be widened,” a most singular state- 
ment considering the unanimity with which, as far 
as our experience goes, the plan of Mr, Horace 
Jones and Mr. Gregory has been condemned by the 
profession. We are glad to know that the opinion 
which we have ourselves strongly expr , that 
London Bridge, if widened at all, should be widened 
from the foundation upwards and without inter- 
fering with its design, is one which is widely shared 
by the engineers and architects of this country, 
and that the few who would in any way uphold a 
mutilation of Rennie’s great work form an exceed- 
ingly small minority. Sir James Lawrence further 
stated that as a wharfinger he ‘‘ would risk his re- 
‘“‘ putation if the claims for compensation for dis- 
‘‘ turbance of trade consequent upon the erection 
‘¢ of a new bridge would not amount to over five 
‘millions sterling.” It is quite possible that Sir 
James may be right in this statement, but we may 
point out that the amounts of ‘‘claims” do not 
always agree with the amounts allowed, while, 
although a new bridge to the east of London 
Bridge would, no doubt, deteriorate the value of 
river side property above it, yet that would un- 
doubtedly augment the value of other property, not 
only on the river side, but also on the line of its 
approaches, and this probably to quitea correspond- 
ing extent. 

Ultimately the amendment proposed by Mr. Lyon 
was lost by a large majority, while a second amend- 
ment to the effect that the Bridge House Estates 
Committee should be instructed to forthwith pro- 
ceed with the widening of London Bridge was also 
lost, and Mr. Isaacs’ original motion was then 
carried by a majority of 78 votes to 67. This 
majority was but a small one, but it tends to show 
that the Court of Common Council are at length be- 
coming imbued with some idea of their responsi- 
bilities in this matter, and that the whole question 
of relieving the traffic over London Bridge is now 
likely to be more thoroughly investigated at their 
hands than at one time seemed probable. 

Our own opinion on this matter has undergone 
nochange.. We believe that in the present state of 
the approaches the widening of London Bridge 
would be useless, and that the proper way to relieve 
the bridge of traffic is to improve the means of cross- 
ing the river to the west of it, and to provide new 
means further eastward. As we have before pointed 
out, London Bridge as it now is has ample capacity 
for carrying the traffic which should properly come 
upon it, but it is gorged by traffic which should be 
accommodated other ways. Southwark Bridge is 
rendered almost useless by the nature of its ap- 
proaches, and hence London Bridge receives a good 
deal of traffic from the westward which it should 
never be called upon to carry. As regards the traflic 
between the eastward-lying districts it has yet to be 
decided whether it can be best accommodated by the 
construction of another bridge or of a subway, or 
whether a system of ferries would for the present 
satisfy its requirements. Each of these methods of 
carrying the traffic has its advantages and disad- 
vantages, and the whole question is one which will 
require much consideration, and the collection of 
data not at present available. The ferry system 
will probably be under trial in the course of the 
ensuing summer, and the public will then be able to 
judge for itself of the characteristics of that system 
of transit, ‘The whole matter willmost probably be 
brought before the notice of Parliament during the 
present session, and it will, we trust, be then dis- 
cussed in a broader and more liberal spirit than has 
characterised the proceedingsof the Courtof Common 
Council. The question is one which must be settled 
not in accordance with the requirements or par- 
tialities of the City authorities alone, but with due 
consideration of the wants of the whole metropolis. 








SHIPPING LEGISLATION. 

WE last week dealt with the subject of the survey 
of classed ships; in our present article we intend 
offering a few remarks on the survey of unclassed 

ips. And, in the first place, it will be as well 
to examine briefly what the unclassed shipping of 
this country really comprises, and what are the main 








features and circumstances seb gs the vessels 
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which lead to their being unclassed, is always 
urged sometimes as a sufficient argument against 
the compulsory survey of unclassed ships, that some 
of the finest and best ships of the country are un- 
classed. Against this is put the more cogent reason 
for their survey, that among unclassed ships, there 
are far more of the very worst ships of the 
country than of the best, and that they are the 
ships, not the good ones, that the country wishes to 
have placed under some wholesome and efficient 
gta of survey and restraint. Let us examine 
the matter a little more closely, and first as to the 
number of unclassed ships afloat. 

Fishing boats and yachts, and other small craft 
under 100 tons measurement, are not the kind of 
vessel for which legislation is demanded, because 
they habitually watch for the approach of bad 
weather and take shelter from it, and the few people 
on board them know their condition, and know they 
have more to fear from being overwhelmed in a 
storm in their tiny barks, than from any structural 
defects or from overloading or from gross errors of 
stowage, or such like preventible sources of peril. 
We therefore omit those little vessels from our 
consideration, Taking then vessels of 100 tons 
and upwards, how many unclassed ships have we? 

According to a return published in the Times 
about the middle of last year, the number of British 
ships afloat of 100 tons and upwards in 1874 was 
11,569, of which 6115 were classed in Lloyd’s Re- 
gister and the other 5454 vessels were either un- 
classed or classed in some other register than 
Lloyd’s, Deducting those classed in the Liverpool 
Underwriters’ Registry and not at Lloyd’s, we 
may take the number of unclassed British ships of 
100 tons and upwards as in round numbers about 
5000. Of these there are, say, about 500 belonging 
to the Atlantic lines of steamers and other great 
companies, who are for the most part their own in- 
surers, and who from the magnitude of their opera- 
tions, find it convenient to keep their own profes- 
sional staff of surveyors; and foes i having justly 
obtained public confidence and renown, they feel it 
more in keeping with their dignity and reputation 
to dispense with classification, or any other form of 
external support. 

Some of the large companies do, however, attach 
importance to their vessels possessing the highest 
class obtainable, and freely submit their vessels to 
the periodical survey of the classification societies 
as well as have them built in accordance with the 
standard of requirements necessary to obtain that 
class. Those who do not class their ships could 
find no serious hardship from having them sub- 
mitted to a periodical survey sufficient to enable 
professional men possessing a good knowledge of 
their business to certify to their seaworthiness. 
The evidence of Mr. John MclIvor, the head of the 
Cunard line, and of others given before the Unsea- 
worthy Ships Commission, is almost conclusive on 
this point. More conclusive still is the fact that 
nearly the whole of the large unclassed steamers to 
which we have been referring are passenger vessels, 
and as such are now. subjected to periodical survey 
by the Board of Trade under a former Act of 
Parliament for the purpose of obtaining a 
“‘ passenger certificate.” 

It may therefore be stated broadly that the whole 
of the 500 unclassed vessels belonging to the great 
companies would be practically unaffected by an 
enactment requiring the periodical survey of all 
unclassed ships for the purpose of insuring their 
seaworthiness. They may, therefore, be dismissed 
without further comment, and with them vanishes 
nearly the whole force of the objection to com- 
pulsory survey, which rests on the assertion that 
it would be meddling with thousands of good ships 
for the purpose of stopping a few bad ones, 

We have remaining about 4500 unclassed ships to 
dispose of, We are far from saying they are all 
unseaworthy. There are several other deductions 
to be made from the number before we arrive at the 
‘¢ residuum,” the veritable ‘‘lame ducks” that have 
no class because they are unfit for any class; those 
which are either not worth repairing, or their owners 
will not go to the expense of repairing them; choos- 
ing rather than expend money on them to run them 
as they are and insure them at high premiums on 
the ‘‘ mutual insurance” principle, or to take the 
whole risk themselves, knowing that in rough trades 
they will perhaps clear themselves in a few voyages 
argh, # to their small commercial value—an t 
with luck they may do this several times over before 
they get wrecked or disappear. 
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The further deductions alluded to above to be 
made from the unclassed ships before wercsch the “‘re- 
siduum” are difficultto describefully, and it is equally 
difficult to arrive at their precise numbers. They 
are for the most part ships which cannot obtain the 
highest, perhaps not a high class, but the owners 
of which prefer to trust to their own reputation, or 
the reputation of their firms, without aclass, than to 
take an inferior class. The ships are not neces- 
sarily unseaworthy, but the owners prefer their 
exact state of efficiency to remain in obscurity. 

The present representatives of firms owning such 
ships, or their predecessors, have managed to obtain 
in fact a higher class with the public than their 

resent ships can obtain from a public body guided 
e professional experts, who ascertain by actual 
inspection the real state of affairs; and the owners 
for the time being prefer to trade on the faith re- 
posed in the name of the firm than on the actual 
condition of their ships. Such people, however, 
could, or at any rate should, have no fears from 
a compulsory survey framed to ascertain simply 
‘* seaworthiness” or ‘‘ unseaworthiness” as the case 
may be; and in which the real merits of the vessels 
are pursued and described no further. 

This, however, is really the tender place where the 
shoe pinches, and where the strength of the resist- 
ance to compulsory survey lies, because many of 
the vessels included in this category belong to men 
of influence and position who can and do carry 
weight among their order. It is not the men who 
buy worn-out ships cheap, and run them as long as 
they will float, that influence the great body of ship- 
owners inst a compulsory survey of unclassed 
ships, and lead them into the false position in the 
eyes of the public they have recently occupied. It 
is rather this small but influential group who have 
had for years a feud, or supposed feud, with the Re. 
gister Societies, because their ships, or some of their 
ships, being inferior, they have had to forego classi- 
fication or accept an inferior class, and have chosen 
the former course. Those men profess to fear—an 
utterly groundless fear—that compulsory survey to 
insure seaworthiness will ultimately lead to compul- 
sory classification, and classification of any kind 
they have preached against for years, although the 
bulk of shipowners have in spite of their protests 
resorted to it freely as a means of facilitating 
their business. Instances will occur to any 
one acquainted with the mercantile marine where 
respectable—highly respectable—firms have, either 
for want of technical knowledge or lack of discretion, 
or overweening confidence, kept old wooden ships in 
their employ long after they had strained and 
** hogged” and got “ out of shape,” in fact until they 
had seal more or less of a scandal among shipping 
circles. In time such ships get sold out of sheer 
necessity, and it then depends upon the hands they 
fall into whether they go from bad to worse, or 
whether they get a thorough repair and start 
afresh. 

The number of ships in this category is not great, 
because the number of men and firms able for the 
time to carry on their business in this high-handed 
fashion is necessarily limited. Another deduction 
has to be made for yachts, river steamers, tug-boats, 
and such like craft above 100 tons burden, which 
are not liable to sea-risks, Putting all these together 
it may be assumed that the total would not exceed 
1000, and this number is probably much beyond 
the mark. There remains then some 3500 unclassed 
ships still to be accounted for. 

x reference to the current number of Lloyd’s 
Register shows that there are 2654 ships which have 
Sil deme in that book, but are no longer classed. 
At least there are this number of ships stated to be 
in the Register Book, with a date against them 
showing when they were last surveyed by Lloyd’s, 
but since which date the class, for some reason or 
other, has been omitted. We learn, moreover, that 
this large number does not comprise the whole of the 
ships now afloat that have been at one time classed 
at Lloyd's, and are now unclassed, or, to use a term 
recently applied to them, have been “ disclassed.” 
Lloyd’s Register Committee, it ap were in the 
habit, until a few years ago, of regarding their 
Register Book as simply a record of classed ships, and 
when a ship had lost her class for a certain time 
it was not unusual for them to drop her name and 
everything about her out of the book. When, in 
1874, the society determined to enlarge the 

Register Book, and make it a record of unclassed 
as well as classed ships, those vessels, or the sur- 
vivors of them, were again inserted, but the ob- 
jectionabledate of last survey was not revivedagainst 








them. We will not pretend to compute with any- 
thing like accuracy the number of ships so treated, 
as to do so would involve a minute search over 
register books extending back some years, but it 
will probably be not far from the truth to say that 
those vessels with the ‘‘disclassed” vessels in the 
Liverpool Underwriters’ Registry, and the 2654 
vessels noted in Lloyd’s Registry as disclassed— 
even when those under 100 tons are deducted— 
constitute nearly the whole of the 3500 unclassed 
vessels for which an official survey is demanded, 

Now why are those “Fy ‘‘disclassed”? The 
answer which suggests itself to most people is that 
there is ‘‘ a screw loose somewhere,” or they would 
still be classed. Many of them, as Mr. Plimsoll said 
at Liverpool recently, are old ships, which have gone 
through all classes from the highest to the lowest 
until they become unfit for aclass any longer. At 
first they were probably classed A for a number 
of years, and ahem this time expired they had to 
undergo certain repairs necessary to enable them to 
be continued for a further period with the same 
class, and perhaps afterwards they have undergone 
the further requirements necessary to enable them 
to be restored to that class for a still further 
period. All this time they had been eligible to 
carry fine goods, teas, silk, grain, cotton, or any 
other cargo subject to damage from sea-water. At 
last they get beyond carrying such cargoes, and 
then they fell back upon a lower class, such as 
the Z class, and become employed in the timber 
trade, or coal, or some other rough trade. By this 
time they have very likely changed hands, as the 
former owners in all probability stick to an East 
Indian or Australian, or other such regular trade, 
and replace their ships when they become unfit for 
those trades. After this change alluded to the mode 
of insurance has to be also changed. Instead of 
being insured at Lloyd's, or with some of the 
marine insurance offices at premiums of 4 or 5 per 
cent, per annum, they now have to enter a 
mutual insurance club, and the owners have to 
pay perhaps double the amount of premiums on 
them annually. After running in this way for a 
number of years it becomes too expensive to keep 
the vessels up to the standard of an % ship, and 
they sink to an E class, or more often -_ 
from among classed ships altogether. eir 
condition after this becomes no longer known to the 
Register Society, or in fact to any one except to 
their owners, perhaps not to them. At this stage 
of the vessel's life she probably—not alweys—again 
changes hands. The new owners get the vessel for 
a small sum, and they have at least two courses 
open to them. One is to put her into “ mutual 
clubs” intended for that description of property, 
and in which the premiums range from 20 to 30 per 
cent, per annum, the other course is to run her on 
their own risk. It depends on the spirit of gambling 
—we cannot call it enterprise—of the owners to 
decide which course they will pursue. To insure 
the vessel means to pay away her full value in in- 
surance premiums in about four years, Not to insure 
her is to trust to luck and pocket this enormous 
tax as additional profit, It is said, ‘‘ make every 
shipowner feel that the loss of his _ is a loss to 
him, he will look effectively to her build, her equip- 
ment, herloading, her manning, and her navigation.” 
We should like to see how reasoning of this kind can 
apply to cases of this sort. It assumes that if a 
shipowner does not insure his ship heis sure to re- 
= her efficiently because her loss will fall most 

eavily on him; but omits the fact that the ship is 
often beyond efficient repair, and the question lies 
simply between breaking her up at once, or trying 
to make as much more profit out of her as fortune 
will allow. 

But returning to our 3500 “ disclassed” ships, it is 
necessary to observe that they are not all vessels of 
great age, which have gone down step by step, 
from one class to another, until, after paying for 
themselves over and over again, and contributing 
towards the fortunes of their various owners, they 
have eventually got into the hands of unscrupulous 
men, who have little to lose if they go to the 
bottom, and make big profits if they manage to float 
a few years. Ships, like men, have not all got 
sound constitutions. Many of them while com- 

tively young become comparatively worthless. 
uch depends in these matters upon the vessels 
being treated in a proper manner according to the 
particular trades in which they are engaged, and 
the kinds of cargo they habitually carry. It is not 
uncommon to find wood ships classed A 1 perhaps 
for twelve years or more, turn out seriously defec- 


tive, after having been engaged for a few years only 
carrying cargoes which “heat” and give off hot 

ases during the voyage. It is almost certain to 

appen so, if proper care has not been taken to 
provide proper ventilation for the ships, or to keep 
their timbers well “‘ salted,” and they soon become 
so infected with dry rot as to make it necessary 
almost to pull them to pieces before this can be 
eradicated. And it should be remembered that 
dry rot, like a disease, once it gets hold of a ship, 
is sure to spread rapidly, and if only partially re- 
moved during repairs, spreads again as soon as the 
frame is covered up again with planking. Similarly 
iron vessels and composite vessels, after carryiag 
sugar or molasses, or some other descriptions of 
cargo, if they are not carefully watched and attended 
to, are found after a very few years to have their 
floors and frames, and other essential parts of their 
structure, eaten or corroded away to an extent 
that is positively alarming. Where such things 
arise in a classed ship they are discovered when she 
comes on for periodical survey. But sometimes the 
owner or his agent discovers them, or sees enough 
to suspect what is the state of affairs, before the 
vessel has been placed under this survey, and rather 
than undergo a heavy outlay he prefers to withdraw 
the ship from her class and escape the consequences 
of asurvey. He decides, it may be, to sell her at 
once, or to run her a few years longer and sell her 
then. She thus becomes prematurely numbered 
among the unclassed ships, and her further condi- 
tion becomes lost to view, at least lost to all view 
except that of the owner and his agents, who are 
more or less interested in keeping the exact state 
of affairs unknown, and preserving as good an out- 
ward appearance as possible, 

A man manages his affairs very clumsily who lets 
the ship actually get into the surveyor’s hands, and 
then, when large repairs are demanded, refuses to 
effect them, because in such a case the facts are 
reported to the Register Society, and the ship gets 
a ‘black-mark” against her name. There are at 

resent 11] “ black mark” ships in Lloyd’s Register. 

he above remarks will perhaps account for the 
smallness of the number compared with the large 
number of ships which have managed to drop their 
class without incurring a “ black mark.” 

But it has been said a ‘‘ black mark” against a 
ship in Lloyd’s Register does not necessarily prove 
the ship unseaworthy. Neither does the surveyor’s 
report to the Register Committee necessarily 
amount to proof of unseaworthiness, but only shows 
that the owner refuses to open certain parts, or to 
effect certain ae deemed necessary. This point 
was made much of by the Royal Commissioners. 
It was so because the Commissioners had never 
been behind the scenes. They might, however, 
have known that an owner does not sacrifice the 
class of his ship, and let her have a ‘ black mark” 
in Lloyd’s Register, thereby destroying in a great 
measure her commercial and market value, for the 
matter of a few small repairs. The following is 
more like a typical instance of how ships get black 
marks, as every practical surveyor and many a ship- 
owner knows perfectly well. The ship is due for 
special or other survey and is placed into dry dock 
to be examined. The surveyor directs certain 
planks to be removed to enable the frame timbers 
to be seen, and orders certain fastenings to be driven 
out for examination. The owner is naturally 
anxious to know how the ship will turn out, and is 
present himself or has a representative to meet the 
surveyor, 

When the work is commenced suspicious symptoms 
manifest themselves, and the owner takes time to 
consider whether he will proceed further. The 
surveyor perhaps arranges to call the next day. 
In the intermediate time the owner proceeds further 
with the examination, until he becomes convinced 
that if the survey is to be proceeded with he is 
‘in for” a big job and a heavy bill. He declines 
to go on, and the surveyor has only one duty to 
ner orm, namely, to report the facts within his 

nowledge to the Register Committee. He how- 
ever has perhaps not seen much, He does not want 
to see too much, although he suspects a good deal. 
He can do the owner no good by prying further than 
is necessary to enable him to recommend the vessel’s 
class to be expunged, and the refusal of the owner to 
comply with the surveyor’s requirements is sufficient 
grounds for the vessel to get a ‘‘ black mark.” The 
owner, however, knowsmorethan the surveyor, buthe 
does not know all, because he is probably afraid to 








examine far enough. The ship becomes closed up, 
she has some external repairs, perhaps some external 
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strengthening applied to compensate for internal 
defects, and henceforward she ranks among the un- 
classed ships. If she gets sold, the new owner 
—who has, be it observed, never submitted her to 
Lloyd’s for survey—has a right to complain of the 
* black mark” injuring his property ; the mark is 
removed accordingly, and the ship is whitewashed, 
and becomes henceforth not only unclassed but un- 
known as far as her condition is concerned. 

Now these are the plain straightforward facts of 
the case in connexion with unclassed ships. They 
have never been controverted, they cannot be con- 
troverted. The vast majority of those 3500 dis- 
classed vessels are out of repair, and they are in all 
stages of deterioration, and nobody knows exactly 
how much out of repair they are. Herein lies the 
necessity for enforcing a periodical survey on those 
vessels to insure their being kept at least in a decent 
state of efficiency and seaworthiness, or else pre- 
vented from going to sea to the almost certain de- 
struction sooner or later of human life. By a 
parliamentary paper presented last year it appears 
that out of 418 ships reported to the Board of Trade 
by its own officials 406 proved unseaworthy. These 
were all unclassed ships! How many hundreds 
more, equally unseaworthy, might have been stopped 
if they had all been placed under survey we will not 
venture to predict, but few we suppose will contend 
that where 406 out of 418 ships proved unsea- 
worthy, there would not have been a great many 
more found unseaworthy out of 3500 if they had 
all been examined. 

Now what are the arguments 
placing these unclassed ships under compulsory sur- 
vey? We say emphatically none, choenhy none, 
which carry any weight or conviction to those who 
understand the subject. Statistics have been put for- 
ward to prove that more lives are lost in classed ships 
than in unclassed ships. The answer is, that except 
the few unclassed ships belonging to the large com- 

ies none of the unclassed ships carry passengers. 
hen a Northfleet gets run down or a Cospatric 
gets burnt, more lives are lost with one classed ship 
than would be if twenty “‘disclassed” ships of equal 
size went to the bottom. But this does not make 
it right, or assist to make it appear right, to leave 
unseaworthy ships go to sea unchecked and un- 
heeded. Again, statistics have been published to 
show. that in certain years the number of classed 
ships reported missing exceeded the number un- 


_ forward against 


k | ing the relative losses of classed and unclassed ships 
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classed. The relative number of classed and un- 
classed ships =e on long voyages which 
supply most of the ‘‘missing” cases is not given 
however, so that the relative proportions cannot be 
arrived at. But it is well known that the number 
of classed ships trading from this country to India, 
China, Australia, New Zealand, and America, and 
other long voyages, far exceeds the number of un- 
classed ships, so that the number lost among the 
former may exceed the latter, and yet show a far 
smaller proportion of losses. 





° 
° 
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celled owing to the vessels having been wrecked, 
lost, or sold to foreigners, Of those returns, which 
are prepared by the Registrar of Shipping, a writer 
in the current number of the Quarterly Review, him- 
self intimately acquainted with the statistics com- 
piled for the Board of Trade, after saying that in 
earlier years they could not be relied on, adds: ‘In 
later years this officer (the Registrar of Shipping) 
has worked in co-operation with Lloyd’s and the 
wreck department of the Board of Trade to make 
his returns complete, and his more recent returns 


Losszs oF BritisH Surps or 100 Tons AND UPWARDS DURING 1874-5, 
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Number of Ships in Existence. Number of Ships Lost. Pentettagn SONG 
Classed | Classed | Unclassed| Classed | Classed | Unclassed| Classed | Unclassed 
and Lloyd’s | Lloyd’s and Lloyd’s Lloyd’s Lloyd’s | Lloyd’s 
Unclassed.| Register. ter. |\Unclassed.| Register. | Register. ter. | Register. 
Year 1874 ... 11,569 6115 5454 593 181 412 2.96 7.55 
First half 1875... 11,362 5893 5469 896 135 261 2.29 4.77 
Total last 18 months tie ‘a6 ins ea tA 5.25 12.32 
Losses from Foundering, Missing, §c., eacluding Stranding, Collisions, &c. 
Number of Ships in Existence. | _ Number of Ships Lost. Reneeninge st Sn? 
Classed | Classed | Unclassed| Classed | Classed | Unclassed| Classed | Unclassed 
and Lloyd’s | Lloyd’s and Lloyd’s | Lloyd’s | Lioyd’s | Liloyd’s 
Unclassed.| Register. | Register. | Unclassed.| Register. | Register. gis Register. 
Year 1874 ... ; 11,569 6115 5454 281 103 178 1.68 3.26 
First half 1875 ___... 11,362 5893 5469 200 77 123 1.30 2.25 
Total last 18 months bes ie ais ron 2.98 5.51 





























The most complete returns yet published regard- 


appeared in the 7imes last summer and were reprinted 
in part in these columns,* They appeared in a 
report prepared for the information of the Com- 
mittee of Lloyd’s Register, and were stated to be 
compiled from official records, prepared at the Board 
of e, of ships whose registers have been can- 








* See page 100 of our last volume. 


may therefore be relied on.” ‘From those returns 
for 1874 and the first half of 1875, which must cer- 
tainly come within the term ‘recent years,” the 
two Tables annexed have been compiled. 

These Tables show unmistakably that the ‘ pro- 
portion of losses among unc ships is double as 
great as among ships,” even when unclassed 
ships are taken under conditions extremely favour- 
able to them, by being included with ships classed 
in other registers than Lloyd's, as well as including 
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the ships of the great companies, and a large num- 
ber of fine weather, river, and harbour vessels. 


But statistics of losses apart, itis idle to contend 
that old ships, and neglected ships, ships that dare 
not face an impartial surveyor, are safer than the 
new and the well-preserved ships that carry all our 
teas and silks, and other fine and valuable goods 
from the East to the English markets without 
damaging them by a spoonful of salt water. 

What makes it a matter of almost im ibility to 
get an unclassed ship insured at Lloyd’s at current 
prices? It isthe great risk attending it. What 
makes mutual insurance clubs all over the country 
which go in for high-classed ships, rigidly exclude 
low-classed and unclassed ships from among them ? 
It is because they want to keep the premiums low, 
and unclassed ships are attended with great risks, 
The current premiums for insuring A] ships, as said 
before, is from 4 to 5 per cent. per annum. The 
average annual percentage in the mutual clubs 
whichjconfine their action to high-classed A ] ships 
is also from about 3/. to 5/. In mutual clubs which 
include unclassed ships, it is up to 13/., 15/., 17/., 
20/., and has been even higher ! 

Now viewed broadly what do these facts amount 
to? Are they not proof positive that unclassed ships 
are two or three times as perilous as classed ships, 
and if so is there not aclear case for examining 
them, for instituting a compulsory survey on them, 
for, in fact, doing anything that will diminish the 
frightful risks attending them? We venture to 
think there is. 

The averages of mutual clubs are perhaps more 
to the point than the premiums fixed by Lloyd’s or 
the Marine Insurance Offices, because the latter 
are premiums estimated as sufficient to cover the 
risks of a coming year and to leave a profit with the 
underwriters. In the mutual clubs, however, the 
averages stated at the end of the year give the 
actual net risks found by experience to bave been 
incurred in the years gone by. When in such cases 
not in one club, or for one particular year, but on 
an average of many clubs ren many years the per- 
centage to be paid for insurance is three times as 
much on unclassed ships as on classed ships, what 
more convincing proof can be given that unclassed 
ships are unduly perilous, and that there are just 
and righteous grounds for examining their condition, 
and imposing on them fairandreasonable restrictions? 

The question next ayises how this is to be carried 
out ? We confess, provided it be done, we care not 
much what means may be adopted for doing it. 

In the article before alluded to on the mercantile 
marine, contained in the Quarterly Review for 
January last, which is well and temperately written, 
and contains a great deal of valuable statistics well 
arranged, and also some extremely bad logic, the 
writer—after ihdulging in some pages of ironical 
comment on Government interference with safety 
valves, life buoys, boat-lowering apparatus, signals 
and rockets, together with sailor’s berths, food, 
medicine, health and sobriety, with which he jumbles 
up the great questions of the load-line and compul- 
sory survey, as matters of about equal importance 
with the others—pens the following somewhat re- 
markable paragraph : 

‘* There is indeed one way in which, whilst retaining the 
principle of prescription and supervision, this endless fetail 
of legislation may be avoided, viz., by vesting absolute 

d discretion in some public officer. . The isla- 


wers an 
ae may abstain from saying, ‘A ship shall be built, 
fitted, equipped, loaded, and manned in a ticular 
manner,’ and may say instead, ‘Let her built, 
fitted, equipped, loaded, and manned in such manner 
as some Government officer may uire.’ The Statute 


Book is thus relieved of a quantity of details, and 

more flexibility (assuming that the Government officers know 

their business) is given to the rules. But the certainty of 

what has to be done is less, and the chance of arbitrary in- 

terference is greater. So far as regards the fettering of 

the free action of the shipowner, and relieving him from 
ibility, the result is the same.” 

‘oming from a writer so imbued with the policy 
and traditions of the Board of Trade as the writer 
in the Quérterly Review obviously is, we take the 
admission to mark a decided step in advance towards 
the views so often advocated in these columns. One 
more small step and we shall be agreed on this 
question with him.- He has only to substitute a 
“public body of representatives of the interests in- 
volved in mercantile shipping” for the “ public 
officer” in whom “absolute power and discretion” 
is to be vested, and we would willingly accept his 
alternative. The change would to our mind remove 
the objections he urges on the score of the “ un- 
certainty of what is to be done,” and of “‘ the chance 
of arbitrary interference being ter.” We will 
give the views of Mr. W. 8S. » the author of 


the greatest history of merchant shipping ever pub- 
lished, on the subject. In the last of his four ad- 
mirable volumes, the third and fourth of which 
have been just published, we find on page 533 the 
following : 

‘To leave the survey of our ships to any one private in- 
stitution, not on a sufficiently broad basis, such as Lloyd’s 
Register, might create as many evils as a general Govern- 
ment survey, and, besides creating jealousy on the part 
of other somewhat similar institutions or associations, 
might be considered contrary to the rules of sound govern- 
ment. But these institutions could be enrolled and li > 
as various other associations now are, and empowered to 
grant certificates of seaworthiness, which every ship above 
a certain tonnage would require to produce before she was 
cleared at the Custom House. Or they might be welded 
into one great national institution, directly controlled by 
all the various branches of the shipping community, in 
harmony with their sentiments, and alive to the wants 
and necessities always arising through the growth and de- 
velopment of trade and commerce. 

‘Individuals may do wrong, and, though it may be for 
their interests to have a ‘good sound ship, there is no deny- 
ing the fact that ships are sent to sea which are not sea- 
worthy ; but corporations and associations cannot do wron, 
with the same impunity. If they did they would be depriv 
of their license, and there would be a check one against 
the other, which is not the case with individuals. Or, on the 
other hand, a representative institution would be efficiently 
checked and influenced by public opinion, and the voice of 
those immediately concerned.” 

The only point here on which we would venture 
to differ from Mr. Lindsay is the undue weight he 
attaches to the existence of more than one Register 
Society in this country. He speaks of them as if 
they were numerous and of nearly equal importance. 
The fact is there are only two, and they are both 
public bodies. One of them has about 9000 ships 
classed the other about 900. One has about 100 
surveyors, the other has less than a dozen. We 
should look, therefore, to combining the small 
society with the large one, and by widening the 
basis make it representative of the shipping interests 
of the whole country rather than look to licensing 
both, and thereby giving a stimulus to competition 
in classification. 

We urged this course strongly in 1873 before the 
sitting of the Royal Commission, and have done so 
at intervals since. We pointed out that the prin- 
ciple involved is the same as is constantly being 
applied where Government are compelled to hand 
over the regulation of complex details to represen- 
tative public bodies. We instanced the Metropolitan 
Board of Works, School Boards, Boards of Health, 
River Conservancy Boards, in fact the whole ma- 
chinery of local government which is so dearly 

rized in this country. Again we pointed to the 

nns of Courts, and the College of Surgeons, and 
such like institutions which exercise the sole powers 
of conferring legal and medical titles, and of con- 
trolling all entry into those learned pees: 
We pointed out that the granting of such privileges 
to such corporations have never been accused of 
relieving barristers and surgeons from responsibility. 
In a similar way the fact of an owner now having a 
certificate of classification for his ship does not re- 
lieve him from responsibility in our law courts, 
and could not relieve him from responsibility if he 
were compelled to produce such a certificate before 
clearing the ship at the Custom House, any more 
than the formalities he has already to go through 
before clearing, relieve him from responsibility for 
say ga neglect might afterwards Solana home 
to him. 





THE PATENT OFFICE PUBLICATIONS. 
A MEETING of patent agents was held on Tuesday 
last at Mr. Newton’s chambers, Chancery-lane, to 
consider and report upon a very feeble scheme for 
printing the patent specifications which had been 
submitted to the Master of the Rolls, and sent by 
him to Mr. Newton, with a request that he would 
obtain the opinion of the patent agents upon it. 
The main idea is to save money, which we shall be 
glad to see so long as the public interests do not 
suffer. Smaller type is to be used for the text, and 
the drawings are to be reduced to a uniform octavo 
size by photolithography, and avery considerable 
economy will, it is said, be effected by saving the 
half-farthing or so which the blue wrapper of each 
specification costs. The proposal to send the Com- 
missioners’ numerous progeny naked into the world 
without even the small protection of a piece of sugar 
one! (barely sufficient for decency), is cruel and 
eartless, Persons who are acquainted with such 
subjects know that in America, where the patent 
drawings are reproduced by penny: the 











drawings are required to be particularly good, 
and drawn in a special manner. Even then the 








result is not always satisfactory, as the details are apt 
tocome out very imperfectly. A single glance at the 
Official Gazette published by the United States Patent 
Office will show this, and if a similar system is to 
be introduced here, the spectacle-makers are likely 
to be busy and we shall expect to hear that pre- 
mature blindness has largely increased amongst cer- 
tain classes. ; 

On the whole this mode of printing, which has 
been followed in this country ever since the Patent 
Office was formed, gives satisfaction to the public, 
who can buy just what they want—the full text of 
the specification with an exact fac-simile of the draw- 
ings, and at a reasonable price. If they do not 
think a particular specification worth buying, they 
can see it for nothing and read it all day long at 
about fifty free libraries in different parts of Eng- 
land, It is not at all probable that a reduction in 
the price would lead to any appreciable increase in 
the sale. People buy no more specifications than 
they are compelled to do, and when they have served 
their purpose are not unfrequently made waste- 
paper of, as they accumulate very rapidly and are 
not interesting reading. The present system is ex- 
pensive, no doubt, and if the Commissioners wish 
to effect a small economy let them omit the coat of 
arms on the front page of every specification and 
begin at the top. The preamble and attestation in 
the “final” specification might also be dispensed 
with. 

The true solution of the difficulty however would 
be an order limiting the number of drawings and 
the length of the specification. How far the Com- 
missioners, as a body of lawyers, would be willing 
to interfere;with patentees in this direction, isa point 
upon which we are doubtful. The scheme to which 
we have drawn attention will probably be speedily 
consigned to the limbo of futile proposals for Patent 
Law reform. If, however, it shows signs of vitality 
we shall refer to it again, as the attempt to carry it 
out in its integrity would produce much confusion 
and mischief. ‘The exact manner in which the 
‘¢ several thousand pounds annually” are to be saved 
is nowhere precisely stated. On this point the pro- 
posal is as prudently vague as were the oracles of 
old. Some of the figures given are certainly incor- 
rect, or at all events open to doubt. For instance, 
we should like to know the authority for stating 
that the amount realised by the sale of prints and 
drawings in the United States Patent Office has 
reached 17,000/. per annum. 








TWEDDELL’S PORTABLE RIVETTER. 

WE this week illustrate on page 115 an arrangement of 
Mr. Tweddell’s well-known portable hydraulic rivetter, 
which has been at work now for some months at the Lon- 
don and North-Western Railway lecomotive shops at Crewe. 
Mr. F. W. Webb has for some time been considering the 
best method of doing such portions of the rivetting of loco- 
motive boilers as cannot be done in the fixed rivetters, and 
is we understand well satisfied with the working of the 
above machine. The arrangement is so simple that not 
much description is needed. An.ordinary swing crane has 
attached to it an hydraulic sleeve or outer cylinder, which is 
moved along a fixed tube or pipe by means of a pinion 
worked by a sprocket wheel, this pinion gearing into a rack 
attached to the crane. The water, which is supplied under 
a pressure of 1500 lb. per square inch from one of Tweddell’s 
differential accumulators, is taken from the the main laid 
along the shop wall, and thence up the centre on which the 
crane radiates. Thus any motion caused by swinging the 
crane is reduced to a minimum, and a swivel joint almost 
frictionless causes no twisting strain to be imparted to the 
pipe. After leaving this joint the pipe is led along the jib, 
as shown. There is a communication between this fixed 
pipe and the larger one which slides on it, and this sleeve 
or sliding tube isbalanced. A very similar arrangement is 
used by Mr. Webb in some of his rolling mill patents. 
<. The rivetter is hung from one end of the sliding sleeve, 
and the pipe conveying water to it from the other. The 
water is then by means of a simple frictionless universal 
joint led into the machine, which is free to turn completely 
round in a horizontal plane. The raising or lowering is 
done by Weston’s blocks, and the angle of the machine jaws 
can be altered from vertical, as shown, to horizontal, by the 
quadrant in the suspending gear. It will be seen that there 
isno strain on any of the pipes, and the great difficulty in 
transmitting the pressure to a rivetter or other machine in 
a portable form is overcome. We understand that the 
saviug in cost of rivetting by this method over the present 
mode is about four-fifths, and the quality of the work is, 
like all that done by hydraulic pressure, excellent. The 
makers, Messrs. Fielding and Platt, have lately delivered to 
Mr. Webb another adaptation of Mr. Tweddell’s patent for 
rivetting up the firehole door rings, and this we shall illus- 
trate shortly. Another machine is under consideration 
which will rivet on the manhole and steam domes. It can 
then be said that practically every rivet in a boiler is ma- 
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chine closed, since the machine we this week illustrate also 
rivets 6n the smoke-box tube plates. 

The travel of the machine at Crewe is 6 ft. from outer 
end of the jib inwards ; it is also easily arranged by putting 
the inlet pipe where the rivetter is suspended and the rivetter 
to where the pipe coupling is, for the rivetter to cover another 
6 ft. inwards, in all 12 ft., without any more connexions to 
the main. The whole apparatus is easily lifted by the over- 
head traveller to other wall brackets, and thus one crane can 
work a whole shop. 

A similar plan is being used for rivetting girders, the 
crane being of a rougher design, or in many cases the hy- 
draulic gear is easily attached to existing cranes. Girders 
and other work are done with this machine at Crewe, and 
very good work by two similar machines is now being done 
in the large girder and boiler works at Sir W. G. Arm- 
strong’s, Elswick, and elsewhere. 


NOTES FROM THE SOUTH-WEST. 

Nantymoel.—The 6 ft. vein has been struck at Edward’s 
Pit. Nearly four years have been spent in sinking a pair 
of pits to a depth of 300 yards, at an outlay not far short 
of 80,0007. The down-shaft measures 45 ft. in circum- 
ference by 15 ft. in diameter.. The Ocean Steam Coal 
Company have a fine undertaking from Nantymoel to Ton- 
Ystrad on the east, and reaching as far as Cwm Park 
on the north. The company have erected 100 houses for 
their workmen, and an equal number have been erected by 
private speculators. In a few months some hundreds of 
colliers will be taken on. 


Portardulais.—It is stated that tin works will be 
commenced here shortly. The site will be between the 
Farmers’ Inn and the branch of the London and North- 
Western Railway running into Swansea. 


End of a Strike at Abertillery—During the past nine 
days a dispute of a peculiar nature has existed at the 
bertillery Tin Works. It appears that owing to some dis- 
satisfaction the under hands at the puddling furnaces have 
been out onstrike. Ii was sought to make the forehands or 
—_ answerable for the loss occasioned by their under 
ands. The result was a general cessation of work, and it 
was feared that legal proceedings would result therefrom. 
Wiser counsels have, however, prevailed, and an arrange- 
ment has been made for ending the dispute amicably. In 
accordance with this arrangement work was resumed on 
Monday morning. 


Menai Suspension Bridge.—A public dinner has taken 
place at Bangor to celebrate the | fiftieth anniversary of the 
opening of Telford’s suspension bridge. This bridge, as 
well as that at Conway—which was constructed on the 
same principle, and by the same engineer, who was the son 
of a Dumfries shepherd—was designed; and built to com- 
plete the highway from Ireland. The crossing of the Menai 
and Conway ferries having been attended with great diffi- 
culty and danger, Parliament took action, and voted the 
necessary grants. The first stone of the Menai bridge was 
laid in August, 1819, and the bridge was opened on the 
30th of January, 1826, His Majesty’s mail coach having 
precedence in going over it. 


Trade at Cardiff.—The coal trade is not considered at 
present to be in a prosperous,condition at Cardiff. Intending 
purchasers and shippers may be holding back in anticipation 
of a reduction in prices, which is thought by some to be 
impending. In many recent operations the tendency has 
been downwards. 


Coal-Winning at Maerdy Colliery.—On Saturday morn- 
ing a seam of coal was won 123 yards below the surface of 
the earth. The vein‘measures 3 ft. 6in. The sinkers had been 





working for nine months, andit was rumoured that theyjhad to 


sunk on a “ fault,’’ but it turns out that coal is plentiful, 
and this pit will, no doubt, give employment to hundreds of 
men ina short time. The pit is the property of Mr. Mordecai 
Jones, of Nantmelyn, and is one of the est. leasehold 
undertakings in Wales. It is situate near Ferndale, and 
about four miles from Aberdare. Another pit will soon be 
sunk at this place. 


Tylor’s Ferndale Colliery Company.—This enterprising 
company has been successful in striking two valuable seams 
of steam coal, viz., the 2ft. 9in. seam, at a depth from the 
surface of 320 yards, which is 3ft. 5in. thick ; and the 4ft. 
seam at a depth of 329 yards, which is 5 ft. 2in. thick. 


Tiverton and North Devon Railway.—At the first meet- 
ing of this company at Tiverton, Sir J. H. Amory, Bart., 
M.P., presiding, the report of the directors stated that the 
Great Western Railway Company had to at once 
increase their share subscriptions in aid of the company to 
15,0001., and, as soon as parliamentary authority for such 
purpose could be obtained, to 25,000/. Supplemented as 
it was believed this would be by further local subscriptions 
yet to be received, the directors saw their way clear to early 
measures being taken for the commencement of the works, 
and the full and successful construction of the line for a 
sum within the capital of the company. Should the re- 
as share capital be taken up without delay, the open- 

g of the line might be expected to take place in 1878. 


Swansea Colliery Company.—Orders have been issued 
for the compulsory winding-up of the Swansea Colliery 
Company. 

Newport Harbour Commissioners.—At the monthly 
rym. fed the Newport Harbour Commissioners on Friday 
the harbour master reported that the Trinity Board con- 
templated building a lighthouse on Morte Point. The 
commisioners were in favour of Morte Point as being the 
best spot for the erection of the lighthouse, and it was 
resolved to memorialise the Elder Brethren of the Trinity 
House, and to co-operate with Appledore and Barnstaple 





in furtherance of Morte Point. The clerk brought before 
the notice of the board the fact that the Great Western 
Railway Company, by a Bill now in Parliament, pro to 
erect a bridge across the Usk, near the Crindon Pill, and 
observed that it was necessary that some notice should be 
taken of the height above high-water level. It was 
resolved to lodge a petition against the Bill. 


The Narrow Gauge in the West.—We may now look upon 
the opening of the narrow gauge extension to Plymouth 
and Devonport in March as tolerably certain. The Devon 
and Cornwall Railwa: oe given the formal 
month’s notice to the Board of Trade, which means that 
within ten days after its expiration the company will be 
ready to run trains to Devénport. The London and South- 
Western Railway Company wishes to commence through 
traffic on the 1st of March. 


Upper Forest Tin-Plate Works.—We hear that these 
works, near Swansea, are likely to be for sale. Mr. Cawker, 
of the firm of Barnard, Thomas, Cawker, and Co., has 
recently been appointed trustee under liquidation proceed- 
ings, and for the present the works are being carried on by 
him. The works have been considerably enlarged by the 
late proprietor, and are said to be capable of turning out 
over 2500 boxes of tin-plates per week. 


Wages in the Forest of Dean.—The eolliers in the 
employ of the Parkend Coal Company, Forest of Dean, 
have received notice of a five per cent. reduction in wages 
to commence from this week. Coal has been reduced in the 
district 1s. 6d. per ton. . 


South-West Coal Trade.—A meeting of the Sliding Scale 
Committee was held at Cardiff, on Saturday, Mr. D. Davis 
in the chair. The accountants (Messrs. Price, Waterhouse, 
and Co., and Messrs. John Rouse and Co.), presented the 
following report: ‘‘ We have to report that, in accordance 
with your instructions dated 24th December, 1875, we have 
examined the books of the various collieries and companies 
and firms, enumerated in the list accompanying those in- 
structions, and we find that the average prices of coal per 
ton sold during the months of November and December, 
1875, worked to a uniform F.O.B. price was as follows: 
Screened, 10s. 7.82d.; Mynyddysl and Tillery seams, 
11s. 2.78d.; No. 3 Rhondda suames 006: 5.83d.”’ "Phe Slid- 
ing Scale Committee, on receiving the report, unanimously 
resolved that, in accordance with these prices and under 
Clause 2 of the award dated 11th December, 1875, the mi- 
nimum standard of wages as therein provided shall prevail 
at all the collieries of the association from the Ist of 
January, 1876, the prices for each group quoted above to 
be settled by the committee. The minimum standard of 
wages referred to as fixed by theaward is the standard of 
1869 plus 5 per cent. To arrive at this each colliery will 
revert to the old rate of payment and all the advan- 
tages to the colliers, particularly to the house coal colliers, 
by the award of 1873, increasing the ‘prices paid in some 
collieries 50 per cent. to soo a levelling up, will be 
lost to the colliers, and the difference in prices paid at one 
colliery and at another will again prevail. It is rumoured 
that the house coal colliers are determined not to accept 
the award any longer than they are bound by agreement. 
A three months’ notice is necessary on either side before the 
agreement can be set aside. 

Great Western Absorptions.—In connexion with the ab- 
sorption by the Great Western Railway Company of the 
South Devon and Bristol and Exeter Railways, it may be 
noted that the carriage building works at Bridgewater will 
be abandoned, and the plant removed to Swindon, the whole 
of the men employed on new work having received notice 
to leave ; repairs will, however be effected at Bridgewater 
on a small scale. The locomotive and carriage works of 
Newton are not ey to be similarly reduced, but the 
only notice yet received has heen three months’ notice given 
Mr. Wright, the locomotive superintendent. It is pre- 
sumed that the foreman at Newton will for the present 
superintend the repairs there effected, the establishment 
being placed under the general supervision of Mr. Arm- 
strong, of the Great Western Company’s works at Swindon. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—The pig iron warrant 
market was very lifeless last Thursday, and the demand for 
iron unusually limited. Only a very small amount of 
business was done, the prices ranging from 63s. to 62s. 10}d. 
cash ; no business was done in ‘Gecko. There was 
improvement in the demand on the following day, and the 
prices fell to 62s. 7}d. and 62s. 6d. cash, and 62s. 9d 
one month open. The demand continued to be very inae- 
tive on Mon ay. Some business was done during the fore- 
noon at 62s. 6d. down to 62s. 14d. one month open, also 
at 62s. 3d. fourteen days, and at 62s. to 61s. 104d. 
prompt cash, closing sellers 62s., buyers, 61s. 104d 
rompt. In the afternoon the market was steady, 1000 
ms being reported ; closing 62s. one month fixed, buyers 
over, sellers 62s. 14d. Messrs. William Baird and Co. 
announced a reduction of 2s. per ton on all their brands of 
Gartsherrie and Eglinton pig iron, and a similar reduction 
was made on Coltness, Dalmellington, and Langloan brands. 
Such a reduction was almost to be expected, inasmuch as 
several special brands were obtainable in second hands at 
lower prices than the makers themselves were quoting. 
Yesterday forenoon the market was flat, and business was 
done at 61s. 9d. down to 61s. 6d. cash, at 61s. 9d. down to 
61s. 74d. fourteen days, and at 62s. one month open ; clos. 
ing buyers 61s. 6d. cash, sellers 61s. 7d. The afternoon 
market was steady, but prices were not much altered. The 
market was ly this forenoon, but only a very small 
amount of business was done, the prices — 61s. 74d. cash 
and 61s. 9d. one month fixed, closing with buyers at these 
prices, sellers asking 14d. per ton more. As low as 61s. 44d. 
cash was taken at the cherncen market. The shipping 
demand continues to be very restricted. Last week’s 











shipments amounted to 6328 tons as inst 7548 tons in 
the corresponding week of last year. e deliveries from 
the public warrant stores last week amounted to 518 
tons, and last Friday evening the stock was 62,018 tons. 
_ The Coal Trade.—There is an unusual degree of dulness 
in the coal trade, the demand for all sorts being very light, 
especially for house coal, and excepting ordinary shipping 
ualities. A general reduction in price has taken place in 
the Glasgow market, to the extent, in some instances, of 
from 1s. to 1s. 6d. perton. Thecoal shipping ports on the 
Clyde are not now so pressed with work, and consequently 
vessels can easily get an ordinary turn at the cranes. The 
demand for coal has greatly fallen off in Fife and Clack- 
mannan during the last fortnight or so, and stocks have 
increased to an —— extent. Short time is now be- 
coming more general at the collieries, and altogether there 
are no prospects of improvement. Prices have fallen in 
some instances 1s, 9 ton. Notwithstanding that the 
coal market is in such a dull condition the miners in the 
Rutherglen district persist in remaining on strike for an 
increase of wages; a number of the men, however, have 
left the district and have secured work elsewhere. 


The Glasgow Coal Exchange.—A scheme for instituting 
a Coal Exchange in Glasgow has now formally been 
launched, after having been long talked of as a public want. 
Property has been purchased for the sum of 96,8001. which 
can be so altered as to give a large extent of business 
premises, and on which a large exchange hall can be erected, 
the whole estimated cost being 113,0001. The capital of 
the company is to be 120,0001., of which it is expected that 
not more than one-third will require to be called up. 

Fall of a New Wagon Shed at Cowlairs.—This da 
week an alarming accident occurred at the site of the Nort 
British Railway Company’s works at Cowlairs. One young 
lad was killed, a fellow worker was so severely injured that 
he died the following day, and several other men were 
more or less seriously injured. They were e in the 
erection of a spacious carriage shed, the iron roof of which 
was being p' with. The roof is to be of fifteen 
spans, each’ 40 ft. wide, and the men were employed in fix- 
ing the rods and girders of the sixth span, when, without 
any Ps gege a length of about 120 ft. of the roof was 
levelled with the und. An official inquiry has been 
ordered by the teoek antneniliens 


Glasgow Corporation Gas seg a Re employés of the 
Glasgow Corporation Gas Trust held their reunion 
last night. The Lord Provost presided and said that as 
chairman of the Corporation Gas Trust, he thought he 
might say something of the great work in which they were 
interes’ In the Corporation Gas Works, from which 
a and the vicinity was supplied with gas, there are 
1,01 — npn wen on = jo B puting in length < 
pi id in around the city, distributing gas throug 
317,500 meters. The number of workmen employed during 
the winter season is 1309, and the quantity of gas made 
in the year amounted to 165_millions of cubic feet. 


Institution of Engineers and Shipbuilders.—The usual 
monthly meeting of the graduates’ section of this Institu- 
tion was held last night, the President, Mr. David C. 
Hamilton, in the chair. Mr. William Whyte read a paper 
on ‘‘ Machinery for Dome and Finishing Cloth,” the 
machinery being that which has recently been brought 
under| the. favourable notice of textile manufacturers 
by Messrs.! Walker, Henderson, and Co., ineers, 
Gueagow. Air heated to a temperature of about 180 deg. 
Fahr., by exhaust steam is driven by means of a fan be- 
tween two layers of the cloth while s hed on the “ ten- 
tering’’ machine, the rate of travel being about 1700 yards 
per hour for flannels and shirtings. An interesting discus- 
sion followed, and a cordial vote of thanks was awarded to 
Mr. Whyte for his paper. 


Edinburgh and Leith Engineers’ Society.—A meeting 
of this Society was held last Wednesday night, Mr. John 
Buchanan, C.E., in the chair. A paper was read by ‘Mr. 
James Blyth, M.A., on the ‘‘Flow of a Perfect Fluid 
through Pipes.’’ It was shown that when a perfect fluid 
flowed uniformly threugh a pipe of varying section, the 
pressure varied in proportion to the area of the section. An 
experiment was made to show that water projected under 
pressure from one small orifice, and received by a similar 
one in the same line, and at a short distance from it, was 
able to rise to almost the same head as that from which it 
originated. The author explained how a body completely 
immersed in a ect fluid would meet with no resistance 
if it moved uniformly, and in connexion with this showed 


*| that the chief resistance to a ship’s motion arose from skin 


friction and formation of waves, and not from force required 
merely to divide the water, 

Death of Mr. Benjamin Conner.—Since last week’s 
“< Notes” were despatched Mr. Benjamin Conner has been 
numbered with the dead, and yesterday his ripen | was 
honoured by a public funeral. The deceased gentleman 
was for about twenty years locomotive superintendent over 
the Caledonian Railway. 

Glasgow Association of Engineering and Shipbuilding 
Draughtsmen.—A meeting of this association was held in 
the igious Institution ms, on the evening of yester- 
day week, Mr. Robert Murdoch, in the chair, when Mr, 
James G. Fairweather, C.E., delivered an address on 
«The Computation of Stresses in ers and Analogous 
Structures.” The lecture, which was illustrated by 
numerous diagrams, was listened to throughout by an 
appreciative audience. At the close a number of the 
members ressed themselves as highly satisfied, and 
awarded the lecturer a most cordial vote of thanks. 
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NOTES FROM SOUTH YORKSHIRE. 

Water Supply of Chapel Taser Bhaeld kn apne 

‘ater y 2 ypeltown near —An agree- 
ment is stated to have been entered into between the Shef- 
field Water Works Secanee and the Rural Sanitary Au- 
thority of Worley for a supply of water to be furnished by 
the former to Chapeltown—a po eye mining and iron- 
works . Seventy thousan lons are to be sup- 
plied daily at the rate of 7jd. per thousand ions. The 
water will be supplied in bulk by the Sheffield company 
through a low pressure meter of adequate size, at Potter's 
Hill, and will thence be distributed from a tank to all parts 
of the township. A separate main will be laid to supply 
the village of the Warren. 

The Wakefield Rolling Stock Company.—At the general 
meeting of the shareholders of this company on Tuesday, 
the report cul showed that the — now owns 1204 
railway wagons and one engine. the profit made 





the directors recommend a dividend at the rate of 7 per | 
cent. per annum. 
Fire at a Sheffield Gas Works Depét.—On Friday even- 
ing a heap of some 500 or 600 tons of coke lying at the 
Menveand branch gas works of the Sheffield United Gas 
Company by some means caught fire, and burned rapidly 


through a t portion of the stock. By turning over the 
coke after the water had been played upon it for some hours 
the fire was onbiesd. 


The late Explosion at the Swaithe Main Pit.—Work 
has now been resumed at the Swaithe Main Colli 
Barnsley, where 143 lives were lost on December 4th last by by 
an explosion, and a number of men are again in the work- 





blasting absolu hibited. In other collieries 
throughout the South Yor district, blasting has been | 
prohibited whilst 
substituted for the other and far more 


The pit is now Tately probit by means of wedgi 


Wedging being a much slower process than Misting, the 
— ers have agreed to give slightly | higher wages to the 
men, the increase va according to the hardness of the 
coal seam at any parti place. 


The Leeds Water and Gas Works.—The annual accounts 
of the Leeds Corporation show that the cost of the works 
up to August 31, 1875, was 409,9251. The high level ex- 
tension = 26, 9831., new filter beds = 9101., : Bsc 
Foot supply 116, 080i, wages, iron pipes, &c., at Washburn 
94,6971., and urchase of land at Washburn 43,2961. 
The Lindley reservoir cost 184,916l., Swinsty 
reservoir 133,8231., F neuer reservoir 11,1571, and Pool 
Mills, machinery, , 69411. The outlay on the Gas 
Works up to June fe was 751,0261., of which a new gas- 
holder cost 31,9681., and additional outlay on meters, 

150, 000. The receipts in this respect were 


mains, &c., 
the miners are at work, wedging being | 187,927, including the sums of 15,7031. for coke, and 94141. 
dangerous e xpedient. | for tar. 
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* LINING OR MARKING OUT WORK.—No. L 
By Josxvua Ross, New York. | ne 
We propose to deal in the present article with a distinc- 
tive part of the machinist’s art, namely, the marking work 
out by lines upon its surface, indicating to what shape and 
pat bcos he to be cut. When a piece of work has to be 
exactly duplicated in large numbers, as in the case of a 
ing machine, the labour of marking out may be entirel 
Gaqeseet with by the employment of special chucks an 
tools, adjusted to suit the requirements of the case ; but in 
all other cases, especially upon large work, the mar 
out must be performed, and should be executed with grea 
exactitude, for a variation of the thickness of a line gives 
the thickness of two lines to file off, entailing upon 
surfaces an enormous loss of time. Sup; , for example, 
a large pillow block to be marked out the thickness of a 
line too small, and the brasses to be marked out the thick- 
ness of a line too ; when both were cut to the lines, 
the labour of fitting them together would be unnecessarily 
increased by one-thi Nor is this all the mischief, for 
the inaccuracy of workmanship that will mark off to the 
thickness of a line too large will sometimes mark off to 
the thickness of a line too small ; and the consequence is 
that, after a few such experiences (and consequent spoiling 
of the work), the machine hands will leave the lines on 
each side of the work as a witness, thus giving the thick- 
ness of four lines to be filed off in fitting. Now it is per- 
fectly true that, in most cases, it is practicable and custo- 
mary to use gauges or calipers as well as the lines ; but 
there are numerous instances in which that cannot be done. 
Nor is it at all times desirable, because the lines, correctly 
marked, may be sufficiently correct for the La ey as in 
the case of cutting down a surface requiring to be finished 
but not fitted to anything. Take, for another instance, 
the stem of a double eye, having an offset, as shown in 
Fig. 1 at A. In this case, the lines being accuratel, 
marked, the proper amount of offset and of thickness at 
may be more easily obtained by working to the lines than 
by any gauging or measuring. 
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A marker ont, as the operative is termed, should not only 
be one capable of great exactitude in his measurements, but 
should also be an expert workman at the lathe, vice, planing 
machine, and drilling machine ; because it is by his lines 
that the work is chucked, and hence he should know the 
very best method of chucking or holding the work in each 
of the machines. Furthermore, a line over and above those 
necessary to define the outline of the work is often necessary 
for use as an assistance and guide in chucking it. Upon 
the truth of this lining, in many cases, will the truth of the 
finished work depend, and even in those instances where 
the method of chucking will correct any inaccuracy in the 
marking out, the us ess of the latter is almost entirely 
destroyed, because the lines will become entirely removed on 
one side, and left fully in on the other side of the work. If, 
however, the marking out is performed reasonably true, 
one of its main elements of usefulness consists in that it 
denotes if there is sufficient excess of metal upon the piece 
of work to permit of its being cleaned up all over. But if 
there is any one part of the work scant of metal, as is some- 
times the case in forgi of unusual and irregular form, 
the marking out requires to be very true, and may be made 
to just save a piece of work that otherwise would have been 


d. By accommodating the marking to some or 
in the work, which will only come up to the full sive 
thro the whole of the rest of the lines towards the 


opposite side of the work, a costly piece of forging may be 
saved from the scrap heap. And again in tadliens whese 
the surface ap spongy, showing the presence of air 
holes beneath the surface, or in forgings where the surface 
may indicate that a weld is not ager upon one side, the 
whole of the marking out should be performed with a view 
to take off as much metal as possible on the faulty side. In 
other work there ow a part very difficult to turn or 
on account of the conformation of the job ; in which 
case the marker out, eee = | such to be the case, will so 
place the lines as to give as little to come off that particular 
place as possible, disregarding the excessively heavy cut or 
amount of metal which it may be to cut off other 
and more acccessible parts of the work. There are man 
other considerations, which need not be here enumerated, 
to show that a marker out should be a master 
at — branches of his business, and possess 


The supatienne. ‘ ‘ k 
tools necessary for marking out operations are a 
surface plate, having its edges squared 


HEF 


is the 
thumbscrew 
the 

umbscrew G would be ears A to inpete its 
seen anes, Tose Gomes ead E worn 


upon the 
would be 


. 


The ordi L and T squares, and a flat one of 
as shown in a. We have next the 
square, shown in Fig. 3, A representing the stock, 
the blade, the latter being provided with a 80 
may be extended to any required distance (within its 
on either side of the stock. C is the rivet, which is 





sufficiently tight to permit of the movement by hand of the 
blade, and yet it must hold firmly enough to with- 
out moving in the stock. Ins of the rivet C, however, 
a thumbscrew and nut may be employed, in which case, after 
the blade is set to the required angle, it may be locked in 
the stock by the thumbscrew. For the angles of nuts and 
other pees work, we have the hexagon gauge shown in 
Fig. 4. The edges A B fe Se sae and edges 
cCDf ile the edge E serves asa straight 


orm a square, wh 


Fic. 4. 





All these tools should be made of cast steel, the blades 

made of straight saw blade, so that they will not be 
ont permanently set from an ordi accidental ; 
while on the other hand, if it becomes, as it does at times, 
necessary to bend the blade over to the work, it will resume 


its straightness and not remain bent. To cut saw blade 
without causing it to split, as it is apt to do, ially in 
cutting out narrow square blades, it should cut by 


gradually centre punching it on both sides till it is com- 
pletely perforated, when a flat chisel may be —— to 
nick between the centre punch perforations, whole 
operation being performed lightly and repeated until the 
plate is completely severed. 

We next require a pair of long and a pair of short | 
compasses, the latter of which should have an adjustable 
leg, as shown in Fig. 5. A is the adjustable leg, which 


Fic.5. 





passes through the split clamp B, and is locked therein by 
tightening the screw C, the obs being to always use that 
leg as the marking one, and the other as the pivot, and to 
lower it as it wears — ain i an ous the com- 
passes of their original le , and for the er 

of lengthening out the adjustable leg when one of the r sn 
of the work stands much below the level of the other, as 
we shall find, in some of our examples, wi the case. 
For long distances, to which compasses would be inappli- 
cable from their cneceeine yETY weight, Pepa oom shown 
in Fig. 6, are employed. represents a of square 
ya phn for very long trammels, wood may be | 
represents a head fastened ti we Ang one end, and through 
B passes the leg or pointer C, which is thus adjustable as 
to its projecting distance, as B can be in i- 
. The head E is made 

sliding fit upon the bottom and two side faces of 

at the top, there i 


which throug 
log sorewed into E, which is locked in position by 
G. The head E is thus adj phe ge | 

whole length of the bar or 
HB is as follows : 
bar AAA closely on 
m the top side of the 


SREP WHEG? 


hen the 


4 


the set screws or thumbscrews. 


FORK SCRIBERS. 
For marking small circles, there is no tool equal to a fork 
scriber, such as shown in Fig. 7, which represents a piece 


ends 





and filed to the points, 


of steel wire flattened out 
between es the circle 
ese 


at the ends 


8 

a brown or straw colour. 

THE RELATIVE PROPELLING EFFICIENCY 

OF SCREWS. 
By Chief Engineer B. F.. IsHzrwoop, U.S.N. 

(Continued from page 82.) 

Results with Screw B.—This screw was two-bladed, and 

had the next test surface to screw C. Their surfaces 


omen to 8§, and were of exactly the same kind. 
ith the blades of screw B held stationary in the i 





i behind the stern-post of the vessel, 
e te resistance of the vessel and screw at the 
8 of iles per hour, was 828 lb. ; 


geographical miles 

m which the 681lb. due to the resistance 
the vessel, there remain for the resistance of the screw, 
per se, 197 1b. Consequently, the screw, with its blades 
in the vertical position, increased the vessel’s resistance 
Ca $1.22 per centum ; and decreased its speed 
(A 681 : «/ 828 :: 7 :8.0186; and 8.0186 -7.=) 1.0186 geo- 


graphical miles per hour, or (“Sa =) 12.78 per 


centum. ’ 
With the blades of screw B held stationary in the hori- 


zontal position, square across the vessel, te re- 
sistance of the vessel and screw at the of 7 f°. 
ghical miles pee boar, wae GPCR, 5 Ort ing from which 
fhe 631 Ib. due to the resistance of the vessel, remain 
for the resistance of the screw, per se, 345 lb. uently, 
the screw, with its blades in the horizontal position, in- 
creased the vessel’s resistance x= 54.68 per 
centum ; and decreased its speed (4/ 681 : 4/ 976 : :7 : 8.7058; 
et ae 1.7058 geographical miles per hour, or 
, x = 5 
8.7058 ) 19.59 per centum 


From the above it appears that screw B, when its blades 
were held in the horizontal position, square across the 


vessel, had w=) 1.751 times the resistance it had when 
its blades were held in the vertical position, immediately 





behind the vessel’s stern-post. 
When screw B was allowed to revolve freely by the pres- 
sure of the water on the forward face of its blades, it made 
921 revolutions per hical mile, which number was 
not affected by the speed of the vessel, but remained con- 
stant for all speeds from Ney 7 geographical miles 
per hour. The axial speed of the screw was consequently 
(= Me) 22.28 per centum less than 
the s of the vessel, and when the latter was 7 
greptia miles per hour the screw was bodily 
hrough the water at the speed of 1.559 geographical miles 
per hour. The revolutions of this screw were uniform, 
and there was no appearance of hesitation when the blades 
ome’ into the vertical position behind the stern-post of the 
With the vessel at the speed of 7 phical miles per 
hour, and screw B revolving freely, the aggregate resistance 
of vessel and screw was 7361b. ; deducting from which the 
ae valianal te aloe rte, 108 1b Conseq vw 
e res @ screw, 8e, . uen! 
the screw, when revolving freely, increased the ai 
resistance (Far) 16.64 per centum ; and decreased 
its speed (4/ 631: / 736 ::7:7.5600; and 7.5600 — 7, 
0.5600 geographical miles per hour, or oe 








i peor 


supposing the scriber to be extended horizontally. 


underside 
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("car =) 


graphical miles per hour, or (*: 


centum. 
With the blades of screw A held statio: 
zontal i 


55.47 per centum ; and decreased its speed 
(/ 681: 4/ 981 :: 7: 8.7281; and 8.7281—7.=) 1.7281 geo- 


7281 x 100 _ 


7281100 _ \ 19 99 
8.7281 ) ” 


in the hori- 


position, square across the vessel, the aggregate 
resistance of the vessel and screw at the speed of 7 
hour was 1071 Ib. ; deducti 


fhe'eat Ib, dae 


—- ich 
the resistance of the vessel there remain 


for the resistance of the screw, per se, 440 Ib. Senseqeentiy, 
pesi 


the screw, with its blades in the 
creased the vessel’s resistance (“a= 


centum ; decreased 
9.1196; and 9.1196—7=) 
1196 x 100 
9.1196 
From the above it # 


hour, or 


horizontal 


ion, in- 
69.73 
631 ” 


its speed (\/ 631:4/ 1071 :: 7: 
2.1196. geographical miles per 
=) 23.24 per centum. 


that’ screw A, when it blades 


were held in the horizontal position, square across the 
vessel, had (S") 1.257 times the resistance it had 


when its blades were held in the vertical position, imme- 
diately behind the vessel's stern-post. 


When 


not affected by the 


stant for all speeds from 5} to 7 geogra) 
The axial speed of the screw was consequently 
(eo 


per hour. 


6086 


screw A was allowed to revolve freely by the pres- 
sure of the water on the forward face of its b i 
921 revolutions per 


es, - made 

hical mile, which number was 
corel the vessel, but remained con- 
phical miles 


22.28 per centam less than the 


speed of the vessel, and when the latter was 7 geographical 


miles per hour, the screw was d 


ily through the 


water at the speed of 1.559 geographical miles per hour. 
The revolutions of this screw were uniform, and there was 
no appearance of hesitation when the blades came into the 


vertical position. 


With vessel at the speed of 7 geographical miles per 


hour, and screw A revolvi 
of vessel and screw was 765 Ib. 


freely, the aggregate resistance 
Mies from which the 


hb. : 
631 Ib. due to the resistance of the vessel, there remain for 
the resistance of the screw, per se, 1341b. Consequently, 
the screw, when revolving freely, increased the vessel's 


resistance 


eae 21.24 per centum ; and decreased 


its speed (4{/ 631: 4 765 ::7:7.7075; and 7.7075—7.=) 


0.7075 geographical mile per hour, or ( 


918 per centum. 


From the foregoing it 
screw A, when revolvi 
resistance 


0.7075 x 100 _ 





appears that the resistanco due to 
Preely, is 34.23 per centum of the 


7.7075 


of the v . per se, less then when it is held 
stationary with its blades behind the stern-post in the 
vertical sens and 48.49 per centum less than when it 
is held stati with its blades in the horizontal position, 


square across the 


1 


vessel. 
Results with Screw E.—This screw was four-bladed, 


with the blades 
was 


F 


ri 
iy 


= 
= 


g 
F 


blades 


‘i 


across the 
l and screw 
was 941 lb 
resistance 


eal 


Load 


o 
i 


Ps 


eq 
exactly the same as one of the blades of screw C, so 
E had the same kind of surface as screw C, and 
ble the quantity. 

screw E held stationary in such position that two 
were 
post of the vessel, 4 two being horizontal and 


vessel, 
at the 


around the axis. Each blade 


vertical and immediately behind the 
; te ees of the 
geographical miles per 
from which the 631 lb. due 


of the vesse , there remain for the resist- 
the screw 310lb. Consequently, the screw, with 
blades in the above position, increased the vessel’s 


resistance ( 310X 100_ 
631 


49.13 per centum ; and decreased 


its speed (4/631 — 4/ 941 :: 7:8.5483; and 8.5483-—7=) 


1.5483 geographical miles per hour or es 

18.11 per centum. . 
With screw E held stati in such position that all 
45 deg. with the horizon, 


fie Maen Shue af 6 aap 


22.24 
a/968 : 
miles per hour, or 


there remain for the resistance of the 
3371b. Consequently, the screw, with its blades in t 


position, increased the vessel’s resistance 


per centum ; and decreased its 
: 7: 8.6696 ; and 8.6696—7 = ) 1. 


screw, per se, 
heabove 
134 100_ 
7 ae ) 
(V 681: 
geographical 
A eee =) 19.26 per centum. 


that screw E, when its blades 





were held ‘at the angle of 45 deg. with the horizon, had 


— => 


310 


1,087 times the resistance it had when two of 
were held 
the vessel's 

in the horizontal 


in the vertical position immediately 














stern-post of the vessel. 

With the vessel at the speed of 7 
hour, and screw E pene freely, the ageregate resist- 
ance of vessel and screw was 765 lb. ; deducting from which 
the 631 Ib. due to the resistance of the vessel, there remain 
for the resistance of the screw, per se, 134 1b. pane 
the serew, when revolving freely, increased the vessel’s 


resist “a 21.24 per centum and decreased 
its speed (,/631 : ./ 765::7 : 7.7075; and 7.7075—7=) 0.7075 


geographical mile per hour, or (“Ima ) 9.18 per 





centum. 

From the foregoing it appears that the resistance due to 
screw E, when revolving ly, is 27.89 per centum of the 
resistance of the vessel, per se, less than when it is held 
stationary with two of its blades in the vertical positi 
behind the vessel’s stern-post, and the remaining two in the 


horizontal position, square across the vessel ; and apd mt : 
es 


centum less than when it is held stationary with its b' 
at the.angle of 45 deg. with the horizon. 

Results with Screw F.—This screw (sometimes called 
the Mangin screw and sometimes the duplex screw) was 
four bladed, and consisted of two pairs of blades placed 
immediately behind the other, so that when viewed in pro- 
jection on a plane at right les to axis, it appeared as a 
two-bladed screw with the blades directly opposite each 
other. Each blade was exactly the same as one of the 
blades of serew C, so that screw F had the same kind of 
surface as screw C, and just double the quantity. 

With the blades of screw F held stationary in the vertical 
position, immediately behind the stern-post of the vessel, 
the ag, te resistance of the vessel and screw at the 
speed of 7 phical miles per hour was 721 Ib. ; deduct- 
ing from which the 631 Ib. due to the resistance of the vessel, 
there remain for the resistance of the screw, per se, 90 lb, 
Consequently, the screw, with its blades in the vertical 


position, increased the vessel’s resistance ~~ = 
14.26 per centum, and decreased its speed (,/€31: ./ 721: : 
7:7. ; and 7.4826—7=) 0.4826 geographical mile, or 

0.4826 100__ > 6.45 per centum, 

7.4826 

With the blades of screw F held aa iy | in the hori- 
zontal position, square across the vessel, the ag te 
resistance of the vessel and’screw at the speed of 7 geo- 
graphical miles per hour was 851 lb.; deducting from 
which the 631 Ib. due to the resistance of the vessel, there 
remain for the resistance of the screw, per se, 220 Ib. Con- 
sequently, the screw, with its blades in the horizontal posi- 


tion increases the vessel’s resistance (7s 100_\\ 94.96 


631 
r centum, and decreased its 


(/ 681: af 851 :: 7: 
.1292 ; and 8.1292—7.=) 1.1 geographical miles per 
hour, or 1.1292 x 100_ 


51598 ) 13.89 per centum. 


From the above it appears that screw F, when its blades 
were held in the horizontal position, square across the 


vessel, had me 2.444 times the resistance it had 
when its blades were held in the vertical position, im- 














mediately behind the vessel’s stern-post. 
When screw F was allowed to revolve freely by the pres- 
sure of the water on the forward face of its-blades, it made 





921 revolutions per geographical mile, which number was 
not affected the — of the vessel, but remained 
ete Sree ane m 5} to 7 geographical miles per 
hour. The axial speed of the screw was consequently 
‘camer seein 22.28 per centum less than 
the of the vessel, and when the latter was 7 


eaeay ter at th od of 1.550 aeogene ical mil 
e water at the “ les 
aA revolutions of this screw were uniform, and 
here was no ap of hesitation when the blades 
came into the vertical position behind the stern-post of the 


With the vessel at the speed of"7 geographical miles 
Kens, and. sqew ¥ sevelving. fieely the reset. 
aad screw was 698 lb. deducting from which 
the resistance of Bes aah there remain 
freely, increased the = 
= 10.62 per centum, and decreased 
its speed (</ 631: 4/ 698 :: 7: 7.3623; and 7.3628—7.—) 


0.3623. geographical mile per hour, or ae) 


«eee fhe foreguing it that the resistance 

m i due to 
see F then sete freely is 3.64 centum of the} i 
resistance of the $¢, less it is held 
stationary with its stern- the i 
position ; and 24.24 centum less than when it is held 
stationary with 


miles per | ance of the screw, 


2 wie hey ieat , the screw, 
with its blades in the above position, i the vessel's 
w= 44.85 per centum ; and decreased 
its speed (,/ 631 : «/ 914:: 7: 8.4247; and 8.4247—7.=) 


1.4247 geographical miles, or (“Sau ) 16.91 per 


centum. 

With the blades of screw H held stationary in such posi- 
ions — en tree ges ef are and im. 
two blades being below the shaft and Seer Oe. 
with the perpendicular, the aggregate resistance of 
vessel and screw at the speed of 7 hical miles per 
hour was 992 1b., deducting from which 631 Ib. due to 
the resistance of the vessel, there remain for the resistance 

. Consequently, the screw, with 
position, the vessel's 
57.21 per centum ; and decreased 


its speed (,/ 631 : </ 992: : ep and 8.7768—7.=) 


1.7768 geographical miles, or Te) 20.24 per 
cent 


ntum. 
With the blades of screw H held stationary in sach 
position that one blade was horizontal, square across the 
vessel [on one side of the stern-post, the remaining two 
blades being on the opposite side of the stern-post and at 
angles of 30 deg. with the perpendicular, the te 
resistance of the vessel and screw at the 7 
graphical miles per hour was 962 Ib., dedu from which 
the 631 Ib. due to the resistance of the vessel, there remain 
for the resistance of the screw, se, 331 lb. Consequently, 
increased 


0! 


the screw with its blades in the above position, i 
the vessel's resistance ox =) 52.46 per centum 


and decreased its speed (./ 631: ./ 962: : 7: 8.6431; and 
8.6431—7.=) 1.6431 geographical miles, or (“Seer ) 


8.6431 
19.09 per centum. 
From the above it appears that screw H, when one of its 
blades was held stationary in the vertical position above 
the shaft immediately behind the stern-post of the vessel, 


had a 1.276 times the resistance it had when its 
blades were held in exactly the reverse position, that is to 
say, when one of its b was vertical below the shaft 
immediately behind the stern-post.. When one of the blades 


je eye wn ers Sip ope across the vessel on one side 
of the stern-post while the other two blades were on the 


posite side at angles of 30 deg. from the perpensienies, 
the resistance of the screw (Sst to} was buta little over the 
Sa) 322 Ib. of its resistances with one 





blade vertical alternately above and below the shaft. 
When screw H was allowed to revolve 
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COMPOUND AND NON-COMPOUND 
ENGINES. 
ApovT a year ago (vide pages 14 and 129 of our 
nineteenth volume) we published accounts of some 
highly interesting series of experiments which had 
been carried out on the other side of the Atlantic on 
thesteam machinery of the United States coast survey 
steamer Bache, and the United States revenue 
steamers Rush, Dexter, and Dallas, the two first- 
named vessels being fitted with compound engines 
of different types, and the two latter with non- 
compound engines, The engine of the Bache was 
arranged so that it could be worked either as a 
compound or non-compound, and with or without 
steam jacket; that of the Rush was a compound 
with steam jacketted cylinders and an intermediate 
receiver, the pistons driving cranks at “ angles ; 
while the non-compound engines of the Dexter and 
Dallas had unjacketted cylinders, the boiler of the 
former vessel carrying 70 lb., and that of the latter 
40 lb. steam. The experiments on the Bache-were 
carried out under the direction of Mr. Charles E. 
Emery, Consulting Engineer to the United States 
Coast Survey, and those on the other vessels under 
the joint management of Mr. Charles H. Loring, 
Chief Engineer United States Navy, and Mr. Emery, 
by whom a very careful and able analysis was sub- 
sequently made of the whole of the results.* In 
the case of the Bache, the results obtained with the 
engine working compound and non-compound were 
of course readily comparable, but in the case of the 
Rush, Dexter, and Dallas (the engines of which in- 
dicated about twice the power of those of the Bache), 
it was felt that the compound engine of the former 
possessed an advantage over the non-compound 
engines of the latter in that its cylinders were steam 
jacketted, and a fair comparison therefore could 
not be instituted. For this reason further trials 
were subsequently made on the engine of the 
United States revenue steamer Albert Gallatin, 
which is fitted with a non-compound engine having 
a steam jacketted cylinder, and worked with steam 
at 70 lb. pressure. We have now been favoured with 
an advancecopy of the highlyinteresting and valuable 
report made by Mr. Loring and Mr. ena on these 
further trials, and this report we this week have the 
pleasure of laying before our readers, together with 
the Tables which accompany it. The report itself 
and the accompanying ‘Tables occupy so much of 
our space that we cannot in the present number 
comment upon its contents further than to say that, 
notwithstanding some inconsistences to which we 
shall hereafter allude, the results it records corro- 
borate fully the opinions we have so frequently ex- 
pressed concerning the benefits to be derived from 
compounding and steam jacketting; we shall, how- 
ever, return to the subject on an early occasion and 
deal with it fully. The following is the report on 
the trials of the machinery of the Gallatin: 


REPORT, 


The trial of the United States revenue. steamers 
Rush, Dexter, and Dallas, in the month of August, 
1874—reports} of which were transmitted to the 
United States Navy and Treasury Departments and 
shortly after widely circulated — furnished -much 
valuable information as to the relative cost. of the 
power in compound and non-compound engines, 
operated with the same and different steam- 
pressures at various degrees of expansion; but the 
comparison could not, with these vessels, be made 
in all respects complete for the reason that the 
cylinders of the compound engine were steam 
jacketted, while those of the non-compound engines 
were not jacketted: At that time, however, new 
machinery was in process of construction for the 
United States revenue steamer Gallatin, of sub- 
stantially the same power as that of each of the 
other vessels, the cylinder for which was steam- 
jacketted and the boiler designed to carry a high 


pressure of steam. Upon the completion of the po 


Gallatin it was arranged by the Navy and Treas 
Departments to make a series of experiments wit 
her machinery on the same system as the other 
vessels were tried, and under the general direction 
of the same persons (the undersigned.) 


DESCRIPTION OF THE GALLATIN. 


‘The Gallatin is an iron screw steamer, with top- 
schooner rig, 147 ft. long over all; 133 ft. 
between perpendiculars at water-line, 23 ft, beam, 





* This analysis was published on pages 133, 153, and 177 


of our nineteenth volume. 


and 9 ft. 6 in. depth of hold from top of cross floors 


to under side of main deck, The draught of water 
aft is about, 9} ft. 

The v was modelled and constructed by Mr. 
David , of Buffalo, New York, in the year 
1870, and by direction of the department was at 
first fitted with a steering propeller and machinery 
adapted for operating the same. The vessel was re- 
built by the same party in the year 1874, and pro- 
vided with a screw propeller and new steam ma- 


designed by Charles E. Emery, consul r, 
some details of engine being adapted to the aiyle off 
the builder so that the patterns would be of service 
to him for future use. With the new machinery the 
vessel, which has an excellent model, steams readily 
upward of eleven nautical miles per hour. ~ = 


MACHINERY, 


Boiler. 
The vessel has one boiler of the ordinary Ame- 
rican flue and return’ tubular,. ci shell type, 
constructed of heavy iron, and strongly braced, 
of the following general dimensions and propor- 


tions : ° 
ft, in. 
Length of boiler ... ‘i oa ee 15 9 
Width of front and diameter of circular 
shell ... aw <a ni a 10 0 
Height of boiler to top of circular shell 10 3 
Diameter of steam chimney... Ts 6 6 
io By bs flue e 3 6 
Height of steam chimney above shell 
of boiler eA ie a oe 7 0 
Number of furnaces ss is 2 
Direct flues : 20f 28in., 2 of 18in., 2 
of 12in. diameter; all 3ft. 7in. 
long. 
Return tubes 124in number, each 3} in. 
in diameter and 10 ft. 9 in. long. 
Length of back connexion sis 2 0 
eo front connexion 26 
sq. ft. 
Grate surface... se ‘de 35.25 
Cross area of tubes for draught 7.20 
Water-heating surface ... ¥" . .1805,163 
Steam-heating surface ... Pov w. » 105.311 
Ratio cross area tubes to grate surface 7.68 
»» grate to heating surface Ri 32.6 
»» _ cross area tubes to heating sur- 
Ratio cross area tubes to steam space 
(9 in. above tubes) ... se me 52.2 


Engine. 

There is one main engine, of the inverted type, 
with steam jacketted cylinder 34.1 in. in diameter, 
with 30in. stroke of piston. The comparatively 
short stroke was necessarily adopted in the design 
to bring the main cylinder under the hurricane deck. 
Steam is distributed by a short slide valve, arranged 
to cut off by lap at two-thirds of the stroke, and 

rovided with adjustable cut-off plates sliding on 
its back, The air pump is operated through levers 
from the main crosshead. The surface condenser 
case does not form of the engine frame, but 
is set on a separate foundation near the side of the 
vessel, and connected to air pump by a pipe. The 
circulating pump is of the centrifugal type, of suf- 
ficient size to supply the necessary quantity of water 
at all times, with a speed of less ‘than 200 revolu- 
tions per minute, It is operated by a ‘vertical 
engine, with cylinders 4in. in diameter and 6 in. 
stroke, directly connected to pump shaft, The 
screw propeller is 8ft. 9 in. in diameter and has a 
mean pitch of 15ft. The following are the prin- 
cipal dimensions of the engine : 


in. 
Diameter of cylinder ... 34.1 
Stroke of piston Ls 30 
Diameter of piston-rod 4¢ 
Size of cylinder ports ... wd 2} by 27 
Ratio of capacity of clearan 
passages to piston displacement... .0659 
The boiler, steam pipes, and cylinder are tho- 
roughly covered with hair, felt, and canvas, and ex: 
sed parts in engine-room have an additional cover: 


ing of either Russia iron or black walnut secured by 
brass bands. 

Steam for jackets is ordinarily conducted through a 
felted pipe from bottom ‘of steam-chest to ‘upper 
let of cavity in cylinder cover. A second pipe 
eads from the bottom of the cavity in cover, up- 
ward and around to the side j , which is 
common with the jacket for bottém of cylinder. 
By this arrangement any ‘water“which collects°in 


bottom of main chést or cylinder cover is carried 


into the main jacket, froth which all water is blown 
into hot-well through an intermediate vessel pro- 





+ Vide ExotnxER1a@, vol. xix., p. 129. 


vided with a glass gauge. A small’ throttle valve 
on the discharge pipe from the vessel is regulated 





chinery throughout (except surface~-condenser),"} 


to show a water level in the glass at all times, thus 
preventing loss of steam or an undue collection of 
water. 

The boiler was designed to carry regularly a 
steam pressure of 60 lb, At the time of the trial it 
was nearly new and was worked of the time 
with a steam pressure of 70 lb., to correspond with 
that carried during the trialsof the revenue steamers 
Rush and Dexter, previously mentioned. ». 

. MANNER OF CONDUCTING THE EXPERIMENTS. 

| The experiments with the Gallatin. were- made 
‘under the general direction of the undersigned, at 
the United States ~—y Yard, Boston, Mass., in the 
months of December, 1874, and January, 1875, and 
the system adopted was similar to that used during 
the trials of the United States revenue steamers 
Rush, Dexter, and Dallas, made under the same 
general direction in the month of August, 1874, full 
particulars of which may be found in the report of 
game, dated October, 1874, . The following officers 
were detailed by the Navy and Treasury Depart- 
ments, respectively, to take immediate charge of the 
experiments, viz.: Chief Engineers Charles E. De 
Valin and Edward: Farmer, United States Navy ; 
Chief Engineers Charles A, Satterlee and Charles 
H. Ball, United States Revenue Marine; Past- 
Assistant Engineer W. D. Smith, and Assistant 
Engineer J, A. Tobin, United States Navy ; and 
First Assistant Engineers John T. Collins and J. A. 
Severns, United States Revente Marine. Each chief 
engineer with an assistant stood regular watches while 
the oe were in progress, and signed the 
original log. One of the undersigned was ati Il 
times on the vessel or within call. The computa- 
tions were made by Past-Assistant Engineers Green- 
leaf and Brosnahan, and ‘Assistant Engineer Gates, 
United States Navy, and Mr, E,. Hugentobler in 
behalf of the United States Revenue Marine. 

The experiments were made with the vessel se- 
cured to the wharf. The coal, which'was anthracite 
of fair quality, was broken on the wharf to proper 
size (the vessel's bunkers having been closed and 
sealed) and filled into bags: to a certain ‘weight. 
The bags’ were sent.on board when ordered by 
the senior engineer on watch, he making record on 
the log of the number of ‘bags and the time.of re- 
ceipt, a similar record being made. by one of the 
men on the wharf. At the end of hour the 
number of bags of coal actually put on the fire was 
reported from the fire-room and entered in the ap- 
propriate column. ‘The several retords agreed with 
each other, and the total amount expended corre- 
sponded with the total number of bags filled on the 
wharf. The ashes were measured into buckets, of 
which the mean weight was ascertained and tallied 
as they were hoisted out, They were afterward 
weighed in gross on the wharf, and the two accounts 
found to agree:substantially..  ~ 

The feed water was measured after. its delivery 
from the surface condenser, and before’its return to 
the boiler in:the tank* used/during the previous ex- 
periments, which was constructed of boiler plate, 
and was divided by a ition of same material:into 
two equal parts. In the upper edge of the partition 
plate was cut a rectangular notch eight inches long. 
by which the height:to which each half. of the tank 
eould be filled was determined: «..The«mean of the 
weight of water which the half tanks contained was 
ap pounds at a temperature'of 72 deg, Fahrenheit. 
In the computation of each experiment the weight 
of water is reduced to co with mean tem~ 
perature. , The measuring vwas erected-on the 
hurricane deck just abaft engine-room skylight, and 
covered by a temporary cabin;,in which was 4 small 
stove with which the assistant:could regulate the 
temperature of the inclosure at will. [The pre- 
vious experiments were made in the,summer, and 
the tank was sheltered from sun and rain simply by 


the deck awnin #} 

One of the’ feed o—- was diseonnected from 
the check-feed valve to disc: the 
condensed water from hot+well into a re~ 


ceiving tank supported above the measuring tank. 
The receiving tank had on its bottom two cocks, 
one over each half tank, so that either could be 
filled from it at will. 

‘The other feed pw 4 had its suction gf ee sere nay 
from the hot-well connected with bottoms 
of the two half tanks through a cock on each, so 
that the contents of either could be drawn out and 


discharged into the boiler, » ©» : 
the water and record- 


The method of measuring 
of this tank and its accessories appear 








* An graving peared 
on page 139 of the nineteenth volume of Bne¢inxzuRing. 
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ing it was as follows: One side having been filled, 
the cock over it on the receiving tank was closed, 
and the other over the empty half opened. When 
the water in the full one had settled to the height 
of the edge of the notch its cock in the feed-pipe 
was opened and its contents pumped into the boiler 
(care Scns taken to empty one in less time than it 
required to fill the other); when empty its feed- 
cock was closed. When the waterin the tank being 
filled reached within a few inches of the notch a 
gong in the engine-room was sounded to call at- 
tention, and when it reached the notch the gong was 
struck twice ; at this instant the assistant engineer 
in the engine-room noted the reading of the counter, 
and an attendant in the fire-room noted and reported 
the height of water in the glass gauge on the boiler, 
as shown by a scale of inches secured to it. The 
attendant at the tank also noted the time of filling 
and the temperature when the tank was half emptied. 
After entering the number of the counter in the 
log, the assistant engineer ascertained the numerical 
difference between that and the preceding entry, and 
if it was far from the average its cause was sought 
for. 

By this system of checks all errors of record could 
be detecte , and it was possible to preserve and 
utilise any continuous run which came to an end 
through derangement of the engine. All parts of 
the tanks, pipes, and cocks were plainly visible to 
the eye, and had any leaks occurred therein they 
must have been detected. 

The water from steam-jacket, steam-chest, &c., 
was measured as follows: The discharge pipe from 
the drip vessel, previously mentioned as connected 
with the lower part of steam-jacket, was led through 
the coil of an ordinary ship’s distiller, the coil being 
kept cool by allowing circulating water from the 
condenser to flow through case surrounding same 
into the bilge. This formed a refrigerating — 
ratus, and the water from jacket, &c., being cooled 
thereby was permitted to flow freely into an open 
tank set on a scale. When the tank was full the 

from refrigerator was temporarily shut off, 
and the weight of tank and water nuted. The tank 
was emptied by suction through « Pipe dipping 
therein and connected with condenser. The suction 
ge rovided both with a stop and an air 
ve, the latter being opened when tank was filling, 
to prevent any water being drawn into condenser 
at that time by leakage of the former. The water 
being delivered in condenser formed part of that 
received in hot-well, and was therefore charged in 
determining the cost of the power. 

The surface condenser, boiler, and steam and 

water ‘connexions proved quite tight, so that the 





(For Description, see Page 129.) 
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water lost in the circulation to and from the engine 
was very slight, and only during the longer experi- 
ments was it found necessary to add water to main- 
tain the average level in boiler. The small amount 
thus required was run from the hydrant into the 
tank which was at the time being filled, and was 
therefore measured and charged in the cost. 

Indicator diagrams were taken every twenty mi- 
nutes throughout the trials, and the data for the 
tsual columns of the log immediately after filling a 
tank, or not less than three times an hour, in all 
cases. The indicator employed was one of those 
used during the trials of the other revenue steamers 
above mentioned, which again proved correct upon 
being tested. 

The results of the experiments are shown in the 
first of the accompanying Tables (see two two-page 
Tables published with the present number), i 
1 to 44 inclusive, containing the several observed 
and computed quantities upon which the perform- 
ances, set forth in the remaining lines, are ed, 

As indicated by the general headings, a series of 
experiments was made at the several approximate 
steam pressures of 12} lb., 40 lb., and 70 1b., both 
with and without steam jacket in use, and for the 
higher pressure with and without vacuum. In some 
cases, , the steam was throttled, in others the 
link was hauled up and the steam cut off by the lap 
of the main valve. The effect of using steam in 
jacket of higher pressure than that in cylinder was 
also tried, and the effect of draining the main steam 
chest both with and without use of steam jacket. 

To ascertain the evaporative efficiency of the 
boiler, the machinery was operated continuously for 
48 hours with an approximate steam pressure of 
70 lb. During the first 24 hours of this period the 
steam jacket was in use, and the run, for this time, 
is designated No. 38 in Table. For the last 24 
hours the steam was shut off the jacket and the 
pipes disconnected ; for this time the run is desig- 
nated No. 33 in Table. The evaporation is calcu- 
lated separately for each of these runs on the basis of 
the coal charged in log for the respective times, and 
it will be seen in line 55 that the results correspond 
closely : run No, 38 showing an evaporation from 
observed temperature and pressure of 7.34 lb. water, 
the rate of combustion per square foot of grate 
being 15.3 lb. per hour, while in run No. 33, with 
the increased rate of combustion of 16.3 lb., the 
evaporation was 7.26 lb. of water. The two runs, 
Nos. 38 and 33 (though the records are arranged for 
classification under different heads) were actually 
consecutive, the latter being held to commence 
when steam jacket was shut off, without any stop- 
page or other change of condition. The runs taken 















Smecce? 


together can then, as respects evaporation, if de- 
sired, properly be calculated as one of 48 hours’ 
duration. 

In all cases, when steam was shut off jacket a 
joint was broken in the jacket connexions to let in 
air and prevent the possibility of any leakage being 
undetected. 

For the remaining experiments, which were each 
but two hours’ long, approximately, the water mea- 
sure alone was used to determine the cost of the 
power, as the coal could not be distributed accu- 
rately for such short intervals, 

By adopting a duration of two hours for a ma- 
jority of the experiments it became possible to 
obtain far more information in the limited time than 
in any other manner, and it is belived that the 
result can be depended upon fully as well as if the 
experiments were each of 48 to 96 hours’ duration and 
fewerin number. In determining the variation due 
to changes of condition it is important that all con- 
ditions remain uniform during each experiment, 
which is practicable for short but not for long runs. 
It may be claimed that a mistake in an observation 
will affect a long run less than a short one, but the 
fact seems to be that any important error will, for 
a short run, give such a wide difference of result, 
com with other runs, as to indicate the pro- 
bability of a mistake at once. We acknowledge that 
a single short run may be of little value; but by 
making a series of such runs, in which but one con- 
dition is changed slightly for each experiment, the 
results of the several experiments may be compared 
together (by plotting the same in a curve, for in- 
stance), when a general correspondence will usually 
be observed, which will enable errors in observation 
or calculation to be detected and insure a degree of 
accuracy generally a for a long run, 
where an error affects the final result only and may 
never be discovered. It will often occur, however, 
that the average cost of the power will be less for 
short runs than for long ones ; the short runs giving 
the accurate maximum results due to uniform con- 
ditions, which form the true basis for scientific com- 
parison, while for long runs the results, at the best, 
can only be averages of maximum and inferior 
results, The maximum can be obtained egal 
nently y keeping the conditions uniform—for in- 
stance, the economy due to a high steam pressure 
is obtained on land by using large boilers and auto- 
matic regulating devices. ‘The ate runs may then, 
in general, be considered as showing what is possible 
with proper apparatus ; the long ones what is possible 
continuously with the particular apparatus tested. 

In working out the experiments a number were 
found not to correspond with others of the same 
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series, and in afew of them errors of observation or 
faults with the indicator diagrams were discovered 
which necessitated their rejection. Those in which 
no errors could be detected have been retained, as 
we have not felt authorised to reject any without 
cause, though most of the discrepant ones were 
made during the first few days, before the entire 
force had become thoroughly uainted with 
the duties. In two experiments, Nos. 10 and 12, 
the atmospheric line was misplaced on the dia- 
grams, but, the latter being otherwise perfect, the 
misplacement was corrected by comparison with 


Scale of Indicator 32 lbs per uch. 









































Scale of Indicator 80 lbs per inch: 








similar conditions. We feel assured that many of 
the contradictory results of experiments heretofore 
published have been due to mistakes in observa- 
tion or faults in the working of instruments, 
which were either undiscovered or neglected, and 
have therefore felt it our duty to state fully what 
occurred during these i: og notwithstand- 
ing the interest manifested by the officers engaged, 
the system of checks and counter-checks, and 
in general the extraordinary care taken to insure 


accuracy. 
It is evident, however, that the character of the 
Scale of Frdicator 50 tbs per unch. 








Scale of Indicator 80 lbs per unclv, 





























of engine, a connexion one inch in diameter was 
made, the pipe running up inside to the height 
of one of the ports admitting steam to main chest, 
which pipe connected through a valve to a short 
piece of hose, which was warmed by blowing steam 
through the same just previous to an experiment. 
The barrel being filled with water its weight and 
temperature were accurately ascertained, and the 
hose, with steam at the time escaping therefrom, 
quickly thrust in the water, the steam turned on 
more uly, and the propeller revolved. With the 
latter a decided circulation could be easily obtained 





4 
= 


of Indicator 80 Ubs per inch: 





























INDICATOR DIAGRAMS FROM ENGINE OF U.S. REVENUE STEAMER GALLATIN. 


U. S. REVENUE-STEAMER “RUSH™ 
HIGH “PRESSURE CYUNDIR. 
SCALE GO PoUReS me -wCR 


fie.1. 











LOW PRESSURE CYLINDER. 
SCALE,32 POUNDS PER INCH. 


fie.2. 


“aes SS 


other diagrams. The most important difficulty with 
the diagrams was, however, caused by the sticking 
of the indicator piston from the action of the lubri- 
cants in main cylinder. The difficulty was known 
and provided for by regular periods of cleaning in- 
dicator, but it gee that the precaution was neg- 
lected occasionally, particularly by one assistant, 
till the distortion of diagrams A | be seen by the 
eye without using the scale. ‘The experiments with 
faulty diagrams were rejected except seven of the 
short ones, in which the action had only progressed 
sufficiently to change the position of the vacuum 
line. These experiments, which are numbered, re- 








spectively, 13, 30, 34, 37, 40, 41, and 42, and dis- 
oa by an — in — have been care- 

y corrected by comparing the diagrams and the 
records of vacuum thereon with others taken under 





.U. S.REVERUE-STEAMER “DEXTER” 
SCALE 80 POUNDS PIR INCH. 


fie.3. 








ae 


uensses 





U.S. REVENUE-STEAMER “DALLAS? 
SCALE 48 POUNDS PIR ince 





476.4. 











results is sufficiently indicated by the thirty-six 
experiments about which there is no question. The 
seven others referred to have been corrected, we 
think, on an accurate basis, and retained for what 
they are worth, simply to preserve the symmetry of 
the series of runs. 

To determine what may be called the quality of 
the steam—in other words to ascertain whether it 
was moist, saturated, or superheated, and in what 
degree moist or superheated—a calorimeter was 
erected in the gangway abreast of engine-room, 
consisting of a large tight barrel set on a platform 
scale, with a screw propeller mounted inside and 
near the bottom of the barrel on a vertical shaft, 
terminating at the top with a crank. In the barrel 
was hung a large thermometer. To the bottom of 
the throttle valve chest, on side of main steam chest 





which immediately 


ualised the temperature, 
When the temperature 


risen to the degree de- 
sired the steam was partially shut off, the hose re- 
moved, and a final observation of weight and tem- 
perature immediately taken. 

These experiments were made on different days 
with different steam pressures, and at different 
intervals in relation to the time when fires were 
cleaned. The results of the trial are shown in the 
Table on page 125 in connexion with the data from 
which they were calculated. The steam pressures 
are those in the boiler, and as the steam pipe was 
large and short it is believed that there was no con- 
siderable reduction of pressure in the throttle valve 
chest. The metal propeller and shaft being im- 
mersed in the water were subject to the same 
changes of temperature, and for simplicity their 
influence on the result was estimated on the basis of 
their specific heats and ascertained to be equal to 
that of one and one-half pounds of water, which 
quantity has been added in each case to the actual 
amount of water in calorimeter. The quantities in 
column 8 showing the percentage of moisture in the 
steam are negative for experiments in which the 
steam was superheated, that form of expression 
being used for convenience in determining the 
averages for the several approximate pressures, 

The other accompanying Tables (see pages 124 
and 125) are summaries of the results of experiments 
made with the revenue steamers Rush, Dexter, and 
Dallas, referred to at the beginning of this report, 
and of the experiments with the Gallatin, herein- 
before set forth. The general arrangement of these 
Table will be understood by inspecting the headings 
in connexion with the descriptions of conditions, 
&c., written opposite the lines, ‘The principal quan- 
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In July last (vide page 28 of our last volume) we illus- 
trated a six-cylinder engine, designed by Mr. D. K. West, 
and we now give engravings on the present page of a some- 
what similar engine, but having four cylinders, designed 
and constructed by Mr. C. Brown, of the Swiss Locomotive 
and Engine Works, Winterthur, in the year 1874. Mr. 
Brown’s and Mr. West's designs were of course worked out 
quite independently, although the same object was evidently 
present in the minds of both engi and a comparison of 
the two engines thus possesses a nterest. 

The engine we now illustrate was constructed for driving 
a fan atthe Swiss Locomotive and Engine Works, and it 
has, as we have stated, four cylinders in place of the six em- 
ployed by Mr. West. Mr. West also employs long hollow 
pistons having conical ends bearing upon a dise which 
vibrates upon a spherical centre, and which is provided with 
a centre pin which communicates the motion to the crank at 
theend ofthe driving shaft. Mr. Brown, on the other 
hand, mounts a plate on the oblique pin of the crank at the 
end of the driving shaft and transmits the pressure of the 
pistons to this dise through struts having spherical ends, as 
— in the engravings. The dise crank plate—as we may 

it—is prevented from rotating by pins working in guides, 
as shown in Fig. 4. * 
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FOUR-CYLINDER ENGINE. 
DESIGNED AND CONSTRUCTED BY MR. CHARLES BROWN, ENGINEER, WINTERTHUR. 
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In the arrangement of valve and form of ports the designs 
of Mr. Brown and Mr. West are strikingly alike ; Mr. 
Brown, however, makes his valve all in one piece, and pro- 
vides it with teeth a around the periphery, these teeth gear- 
ing with other teeth 5 formed on the valve chest cover, as 
shown by Figs. 1 and 2. The effect of this is that a slow and 
constant rotary motion of the slide valve on its face is 
insured, and Mr. Brown writes us that with this arrange- 
ment the rubbing surfaces take a beautiful polish, and re- 
main in absolutely perfect condition. After our description 
of Mr. West’s engine the action of that now illustrated will 
be readily understood without special explanation. 





SHIPBUILDING ON THE YARRA.—Shipbuilding on the 
banks of the Yarra, Melbourne, appears to be acquiring more 
importance. Two iron screw steamers have been recently 
built by Messrs. Forman and Co,, at the Yarra Boiler 
Works on the south banks of the Lower Yarra. One of 
these steamers, the Akaroa, has been built to the order of 
Messrs. Hamilton, M‘Lean, and Co., of Lyttelton, New 
Zealand, for the p of carrying mails between Lyttel- 
ton, Pigeon Bay, Akaroa; and the other for passenger 

between Adelaide and Port Wakefield, South Aus- 
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carrying at their upper extremities small chain drums which 
of course revolve in a direction opposite to that of the 
main drum. When it was desired to shift the pontoons two 
of the anchor ropes or chains were cast loose, and the other 
two hauled upon. Two pumps are placed en the pon- 
toon, one worked by hand, and the other, a centrifugal 
pump, driven by an independent engine. Both pumps are 
connected to the water-tanks, which are filled or emptied 
according tothe weight of the bell; they are also employed 
among other purposes for circulating water around the air 
pipes to cool the compressed air. Four independent anchors 
and chains are carried, one at each corner of the pontoon, 
and below the deck of the latter are placed coal bunkers, 
and all the necessary sleeping and living accommodation 
for the men. The scaffolding which carries the bell and 
its appurtenances is supported upon two longitudinal girders 
stiffened by diagonal bracing, and covered over on the top 
so as to form a roof for the lower deck, and to give access 
to the upper part of the diving bell, for the supply and 
removal of materials, The maximum weight which the 
scaffolding has to carry ie 61 tons. The general arrange- 
ment and construction of the pontoon is shown in Figs. 7 
and 8 on the preceding page. 

The bell and its various appliances, which are illustrated 
in the accompanying engravings, were manufactured by the 
Simmering Company, near Vienna. They consist essentially 
of the bell, the shaft made in four telescopic lengths, the 
cover, and the upper chamber. The cover is made of plate 
and angle iron, and is attached to the scaffolding by two 
pins, each of which is made strong enough to carry the 
whole weight. These pins are not circular but oval in 
section, so as to permit slight oscillations to take place in 
both directions. They rest in cast-iron bearings, bolted 
between angle iron girders as shown in Fig.9. The pins are 
not attached to the cover direct, but to a ring passing 
around it so as to distribute the weight over as large an area 
as possible, The top of the cover is 6 ft. 6} in. in diameter 
and the same height, and it forms the entrance to the shaft. 
The interior is lighted by four large glass lenses, and in the 
upper part is placed a windlass, which can be worked either 
by hand or by rope transmission, and employed to lower the 
material required, In the centre of the bottom of this com- 
partment is an air valye (marked L in Figs. 1 and 4), 





23.6 in. diameter, which separates this portion from the two 
lower ones. symmetrically around this valve are 
three” entrances to the three material chambers C,, Cy, Cs, 
Fig. 1, which are closed by suitable valves, and are pl con- 
centrically around the entrance shaft. They are provided 
with entrance and exit valves.in the top and bottom plates. 
This arrangement is found to be economical, as while one or 
two of these chambers are being filled with material, the 
remainder can be emptied. The diameter of this part of 
the apparatus is 9 ft. 10, in., and that of the central shaft 
3 ft. 3} in.; the diameter of the upper part of the chamber 
being 6 ft. 6} in., there is left a space within and without 
19.7 in. wide for the valves g and covers E. In the bottom 
H is the air pipe and valves, and this portion is connected 
to the upper section of shaft by means of an angle iron 
ring. By means of pipes fitted with cocks, the com- 
pressed air is admitted to the upper and central portions of 
this chamber, the weight of which, with all its fittings, is 
12} tons, Communication with the shaft is obtained by 
means of the air valve L already mentioned, and access to 
the bell is obtained by means of foat bars attached to the 
inside of the shafts, The projection of these bars is under 
4 in., so that they do not interfere with the telescopic action 
of the sections forming the shaft. 

The sections of the shaft are made of wrought-iron plate, 
eireular in form, and rivetted up throughout with counter- 
sunk rivets. The upper length is fastened |to the underside 
of the upper chamber by an angleiron riag. It is 5 ft. 3 in. 
in diameter, and of such a length as tc enclose the other 
three sections when the bell is raised into its highest posi- 
tion... The lower sections can all be fixed in the upper 
length, and to each other, so that one, two, or more of the 
sections can be worked with the bell according to the depth 
of water. The stufling-box at the end of each tube is 
shown in Fig. 2. . It consists of a leather collar closely com- 


pressed and fitted to the diameter of the tube. On the 
collar are placed packing. pieces of hemp and tallow, and on 
the top is laid a rubber ring made in three segments, the 
whole being attached to an iron ring, and secured by 
wooden keys bearing against an angle iron ring ; the leather 
collar also presses against another ring of angle iron made 


in six pieces, and bolted to the outside of the shaft. When 
the apparatus is at work, the air, in exerting a pressure 
against the leather collar, makes a tight joint, which has 
proved very efficient in practice; the keys before mentioned 
are only used to keep the stuffing-box in position when the 
shaft is being raised. The diameters of the various sections 
are respectively 63 in., 55.11 in., and 39.37 in., the plates 
are }in. thick, and the length about 16 ft. 5in. The annular 
space between each pair of the sections is 3.93 in., which 
is required to allow the plates to clear the foot bars before 
mentioned. To prevent the shaft from being turned, the 
sections are provided with three square iron bars marked a, 
moving in angle iron guides. Adjustments are provided 
here to allow of slight oscillation in the tubes, 

The bottom section which is attached direct to the bell, 
is fitted with rollers bearing against the guide bars, so as to 
secure a steady rising and falling motion. The weight of 
this section is partly supported by chains. The bell itself 
is a cast-iron box, made in four parts. The top is hemi- 
spherical, with doors opening on the inside and attached by 
screws to the lowest section of the shaft ; four bars rivetted to 
this tube carry a wrought-iron ring (6, Fig. 1), on which 
the bottom of the hemispherical cover of the bell rests, and 
this being made rather heavy it serves to some extent as 
ballast. The special form was adopted in order to provide 
a space into which the workmen could retire, when the 
lower part of the bell was being charged with materials 
through the pipes F (see Fig. 1). The chains to which the 
bell is suspended pass through the eye bolts d, and are 
attached to the steam crane upon the pontoon. Cast-iron 
plates (4) Fig. 1, are placed within the gaisson at a height 
of 15} in. above the bottom edge, and serve for ballast as 
well as to support a movable timber platform which can be 
shifted at will. The following are the principal dimen- 
sions of the bell ; length, 19 ft. 8,3, in. ; width, 10 ft. 9} in. ; 
height, 7 ft. 2}4 in.; radius of hemispherical top, 4 ft. 3 in. 
The total cubic contents of bell and shaft is approximately 
2000 cubic feet. 

The weight of water displaced is 56.21 tons, and that of 
the bell, shaft, fittings, &c., complete is 42.66 tons, so that 
13.55 tons of ballast were necessary, the minimum weight 
of the bell being thus decided. But as the water rises 
in the bell when the latter is lowered to a height of about 
a foot, the displacement is reduced by about 6 tons, so that 
14 tons of ballast is ample under all circumstances. When 
in operation, the bell can always be kept in a horizontal 
position, any deviation from this plane being shown by 
graduated scales inside, and telegraphic communication 
between it and the engine-room in the pontoon is pro- 
vided, so that all signals can be freely transmitted. 

The interior of the bell is large enough to allow of the 
manufacture of a concrete block, 4 ft. 9 in. high, within it, 
the material, as already stated, being delivered through the 
supply pipes F. At the place where these pipes are attached 
to the top of the bell, a ball and socket joint is in- 
troduced so as to permit oscillation to take place without 
damaging the joint. The outlet of each pipe is provided 
with a foot valve, and the material being introduced at the 
upper end, air pressure is applied, and the material is thus 
discharged and distributed by the workmen in the bell. 
As soon as one block is completed, the bell is raised to a 
fresh position alongside, and a new block is formed, the 
intermediate space being filled with concrete. 

The engravings, Figs. 7, 8, and 9, show the mode in which 
it was intended to apply the dredging apparatus had it 
been required. From these views it will be seen that 
the buckets move outside the caisson. 

We now come to the other portions of the plant employed 
on this interesting work, and here we must confine ourselves 
to a notice only of those which present any special features. 
The large crane shown upon the pontoon, and employed for 
raising the bell and shaft, has a maximum lifting power of 
60 tons, but this load is only thrown upon it when 
the bell is lifted quite out of the water; at all other 
times the weight is reduced by the compressed air. The 
chains of the crane pass over rollers to the stern of the 
pontoon, where they are secured. Underneath the crane 
is placed the feed water reservoir, which is placed as nearly 
as possible in the centre of the pontoon, to throw the centre 
of gravity towards the stern of the pontoon. In the same 
reservoir vertical boilers enclosed in brickwork and cast-iron 
plates were used. Steam is generated in four such boilers 
having 161.4 square feet of heating surface, and 5.38 ft. of 
firegrate area. The boilers are independent of one another, 
but the products of combustion escape through an uptake. 
They are cylindrical with an eccentric internal flue, as shown 
in the section and plan, Fig. 6. The firebox is lined with fire- 
brick, continued to a height of about 65 in. up the flue, and 
is covered at the top with a circular perforated plate A. 
By means of the damper a, the draught can be regulated, 
and the products of combustion after passing three times 
round the boiler, pass up the central chimney. To promote 
a free circulation in the boiler an angle-iron is attached 
spirally around the flue, with the object of preventing the 
globules of steam as they are formed from rising vertically 
to the surface, and by causing them to follow the course of 
the spiral angle iron, to give a circular motion to the water. 
These boilers were tested to a pressure of 165 Ib., the work- 
ing pressure being 85 lb. per squareinch. A special feature 
in these boilers will be found in the fire doors } and the 
charging apparatus c, Fig. 6. The hopper forming part 
of this attachment is filled with coal, and by turning the 





shaft on which the vanes of the feeding apparatus are 





attached, the fuel is gradually fed upon the grate. It should 
be mentioned that between the brick lining and the boiler 
there is a space of about 4in. After the coal fed in by the 
apparatus upon the front of the bars has been partially 
coked, it is pushed forward into the body of the fire, and 
fresh coal is added in front. The feed-water heating appa- 
ratus is placed above the boilers ; each heater is independent, 
and is heated by the gases escaping through the damper a. 
The steam pipes leading to the various motors on the pon. 
toon are fitted with reducing valves to adapt the pressures 
to the various requirements. The steam crane is driven 
with a pressure of about 120 lb., the air compressors are 
worked at 60 lb., and the other engines at pressures varying 
from 99 lb. to 120 lb. per inch. 
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The two air compressors were manufactured by Messrs. 
H. H. Mahler and Eschenbach, of Vienna. These have 
been working a considerable time, and have given consider- 
able satisfaction. When working at a speed of 90 revolu- 
tions the delivery is 23 cubic feet per minute at a pressure of 
60 1b. One of these machines is sufficient for supplying the 
air to the bell, the other being reserved in case of emergency. 
A tube 2}§ in. diameter conveys the compressed air to the 
bell, and this pipe is surrounded until it leaves the pontoon 
with a cast-iron tube, through which cooling water 
circulates from the centrifugul pump already mentioned. 

The valves of the pump are so arranged that the latter 
can draw either from the water tanks in the pontoon, or 
from the sea. The pump is driven by a compound engine, 
the high-pressure cylinder of which is 2.95 in. in diameter, 
and the low pressure 5.90 in., the stroke being 7.87 in. 
The working pressure is 120 lb., and the speed 200 revolutions 
per minute. 

In conclusion we may state that this apparatus has been 
for some time in successful working at Pola, and no ma- 
terial modifications have been made in the original arrange- 
ments, the most important having reference to a greater 
freedom of the bell to allow for motion in rough weather. 
We are indebted to Mr. B. Morell, of Berne, for the foregoing 
particulars. 





RAILWAYs AND Harpours In NortH AusTRALIA.—A 
serious blow has been dealt at the project of a Queens 

Trans-continental Railway by the result of recent explora- 
tions in the Gulf of Carpentaria. The advocates of the 
scheme have throughout taken it for granted that a suit- 
able port for the terminus of the line could be found, when 
wanted, in the Gulf of Carpentaria. In this, however, 
they have reckoned without their host. Lieutenant Con- 
nor, in command of a surveying vessel, has, we learn from 
Brisbane, carefully examined the coast between Parker and 
Bayley’s Points, and a chain of islands of which Allen and 
Forsyth Islands are the chief ; and he has been driven to 
the unweleome conclusion that there is in the Queensland 


portion of the Biglet no harbour available for the oy 





modation of vessels. There are places of ref 
small ships, but the cost of improving them w 
enormous, 
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STEAM LAUNCH ENGINES, 


Sream launches are becoming quite as popular in some of 
the colonies in Australia as they are in the old country. In 
Port Jackson, the harbour of Sydney, N.S,W., there 
are already many dozens of them, most of these being of 
colonial make, as the imported ones do not stand the rough 
usage and hard work. At Sydney, Mort’s Dock and 
Engineering Company (Limited)—some of whose work we 
have illustra'ed on former occasions—have lately turned 
their attention to this branch of the business, and have 
turned out some boats with compound high-pressure 
engines, which have given great satisfaction. The engrav- 
ings which we give on page 130 show the engines of 
the Bell Bird, alaunch tender to the dock works. She is 
from 8 ft. 6 in. to 9 ft. beam and 50 ft. long over all, and 
with 70 lb. of steam, does 10 knots or 11$ miles an hour., 
The engines have two cylinders cast together, Sin. and 16 
in, diameter, stroke 12 in. The crankshaft, eccentrics, 
pump pin, and coupling are all forged in a piece, and the 
cranks projected behind for carrying the balanceweights ; 
the piston rods are steel, and the connecting rods Lowmoor 
iron. The engines will run 200 revolutions without being 
heard, as the exhaust is reduced down to nearly atmospheric 
pressure. It is hardly fair yet to compare colonial work, 
which is always carried out under difficulties, with that 
made in large manufactories of older countries, but the 
illustrations show that the engines are very carefully pro- 
portioned. They were designed by Mr. Norman Selfe, 
consulting engineer to Mort’s Dock Company. 


UNIVERSAL LATHE, 

WE give on page 122 of the present number engravings of 
an ingenious lathe for producing various forms other than a 
circle, constructed by Messrs. Ludwig Loewe and Co., of 
Berlin, on the plans of Mr. Koch, of the Cologne Minden- 
Railway, and Mr. H. Miiller, of Dortmund. Referring to our 
illustrations it will be seen that this lathe is furnished with 
two mandrels W and W’, the former being tubular and the 
latter revolving within it. The first-named mandrel W is 
driven either direct by the cone pulleys R or through the 
toothed wheels z, 2’, 2'', 2''', forming the ordinary back 
gear of the lathe. In addition to this gear there is, how- 
ever, on the mandrel W another toothed wheel Z, which 
gears into a pinion Z’ on the countershaft w, this shaft 
carrying another toothed wheel Z'’ which gears into a 
fourth wheel Z''' on the end of the inner mandrel W’. By 
this means the inner mandrel is driven, and it is evident 
that by changing the wheels Z'' and Z''’ its speed with 
regard to the outer mandrel can be readily varied as 
desired. ; 

The face-plate P, of the lathe, is mounted on a centre, 
or disc, E, which is secured to the end of the inner mandrel 
W’ by means of the bolt S, and which can be adjusted 
eccentrically to that mandrel. The centre E just men- 
tioned may be considered as merely controlling the position 
of the centre of the face-plate, the rotation of the latter 
being effected by a link which connects it to a driving arm 
M, fixed on the outer mandrel W. 

The action of the lathe under notice will now easily be 
understood. In our engravings the toothed wheel Z’” is 
shown half the size of the wheel Z”, therefore the eccen- 
tric disc E and the mandrel W’ turn twice for each revolu- 
tion of the outer mandrel W. Thus the object to be shaped 
is twice approached to the cutting tool, and twice with- 
drawn from it during each revolution of the face-plate, and 
under these circumstances the shape of the object produced 
will be that shown in Figs. 4, 6, and 15, according to the 
eccentricity of the disc E on theshaft W'. By changing 
the wheels Z” and Z™ for others having the proportions of 
8:1, or 4:1, &., the forms shown by Figs. 5 and 8 will 
be produced. 

If the head of the bolt S which connects the disc E with 
the shaft W and prevents at the same time the face-plate 
P from sliding away is conveniently shaped, it may be 
used as a common centre for turning shafts in the usual 
manner. If shafts are to be turned, a second headstock 
instead of the puppet head is applied to the lathe, but in 
this case the headstock is provided with one mandrel only, 
arranged in the manner shown in W’ without the face- 
plate P. The end V of the external mandrel W is in- 
tended to bear a wheel not shown in the engraving, by 
means of which the self-acting motion of the slide rest is 
produced in the ordinary way. 

In comparison with other oval lathes, that under notice 
has the great advantage that the position of the cutting 
tool is always more favourable. For instance, the position 
of the tool when cutting an ellipse may be seen from Fig. 14, 
the dotted lines showing the position of the tool in the 
common pattern lathe and the continuous lines showing the 
position of the same in the new lathe. Another difference 
between this and other lathes is, that the tool cuts much 
more slowly at 6 than at a. Altogether, in the working of 
metals as well as of wood, it is to be expected that this 
lathe may be put to great practical use as soon as the engi- 
neers are accustomed to the application of the new forms 
which it has been hitherto impossible to make without great 
expense. This we can show by a few instances. 

Figs. 12 and 13 show respectively a locomotive axle box 
and an ordinary pedestal. By means of this lathe both the 
blocks as well as the corresponding bushes may be turned 
on the face-plate without any fitting of these parts by hand. 
If the eccentric disc E of the lathe is adjusted by means of 











a screw in the same manner as a slide rest is put in motion, 
the bushes may be finished on the face-plate. Locomotive 
connecting rods and coupling rods too may by means of this 
lathe be readily turned out with an elliptical cross section, a 
form which possesses certain well-known advan 

The designers of the lathe urge, too, that by its means 
shafts can be readily turned, and pulleys, cranks, &c., bored 
to forms which allow of, their being fixed on the shafts 
without the use of keys. When the lathe is fitted with a 
second headstock of the construction shown by our en- 
gravings, and the shaft W/ in the second headstock is pre- 
vented from rotating, the figure turned becomes gradually 
a circle as the second headstock is approached. If in this 
arrangement the centre of the mandrel W’ in the second head- 
stock is withdrawn from the tool to a distance equal to half the 
eccentricity of the disc E with reference to the shaft W’ of 
the first headstock, the diameter of the circle produced to- 
wards the second headstock is as long as the longest dia- 
meter of the figure produced near the first headstock. The 
forms produced in this way are particularly useful in the 
manufacture of rimers and screw taps. In Figs. 16 and 17 
cross sections of rimers are shown as usually made, and as 
they may be made by means of the new lathe. In making 
a rimer, Fig. 16, the cavities a are first cut in the round 
bar shown in dotted lines, and afterwards the parts b are 
shaped in the shown form by means of a file by hand. This 
latter part of the work must be executed with the greatest 
care if the rimer is to satisfy its purpose. One awkward 
stroke of the file applied to the edge places it behind one 
part of the surface 6, and thereby prevents the tool from 
cutting. If, however, by means of the lathe we are de- 
scribing, a triangular cross section is given to the blank (the 
dotted circle is only shown in order to explain better the 
triangular form) it is only necessary to cut away the parts 
a and the file is entirely dispensed with. The operation of 
milling by means of this lathe may be executed also by 
increasing the eccentricity of the disc E, and by with- 
drawing the tool. 

If the triangular cross section of the rimer as shown in the 
engraving merges at one end into a circle, the rimer fits 
more and more perfectly the hole to be made, and after it has 
passed through it the hole is exactly cylindrical. As to 
the screw taps shown by Figs. 18 and 19, the same re- 
marks may be made as regards the rimer; but the screw 
taps made by means of the lathe have the advantage, 
that not only the point of the thread 6, but the root also is 
behind the cutting edge S, which is not the case in screw 
taps made otherwise. 

If the number of teeth of the wheels Z'’ and Z''' are not 
in the precise proportion from 1: 2, 1: 8,:1: 4, and the 
figures produced run in screw lines around the shaft, and if 
the number of revolutions of the shafts W', of both the 
headstocks are different, the. figures of the cross sections at 
both ends of the shaft ‘to be turned are different and be- 
come by-and-by the same. If the wheels Z and Z' be dif- 
ferent in size and the wheels Z'’ and Z/“' elliptic, other and 
remarkable figures are produced. It will thus be seen 
that it is very easy to produce many new, useful, and com- 
plicated forms which will {doubtless be of service in 
architecture, cabinet-making, &c. 

The driver turning on a fixed point and the face-plate on 
a pivot the centre of which moves in a circle, the circular 
velocity of the face-plate is not perfectly uniform, and the 
figures are symmetrical with reference only to a line 
passing the centre. This irregularity of the figures is only 
remarkable if the eccentricity in comparison with the length 
of the driver be very great; with the proportions shown in 
the engravings, it will be remarked by most careful measure- 
ments only. This fact may be turned to account in the 
production of new forms. If the number of revolutions 
of the two mandrels be in the proportion of 1 : 2, figures are 
produced which, according to the angle formed by the 
driver and the centre line of the eccentric, are egg-shaped 
and become gradually oval, one half being narrower than 
the other. 

If instead of connecting the pivot of the face-plate 
with the pivot of the driver by means of a movable crank, 
the pivot of the driver be made to press against a project- 
ing lug of the face-plate, it would slide to and fro on this 
lug double the eccentricity for each revolution of the face- 
plate. The figures thus produced are like those described 
already. If the face of the lug just mentioned is not recti- 
linear and radial, it is possible, though within narrower 
limits only, to turnother forms. By increasing the number 
of drivers and lugs on the face-plate, the circular velocity 
can be made uniform to any degree even with short drivers. 

If in the arrangement of the lathe as shown in the en- 
gravings, the pivot of the driver be movable in the latter, 
the circular velocity of the face-plate in its several posi- 
tions can be increased or reduced by means of adjusting the 
pivot of the driver, and thereby it is possible to produce 
prescribed figures within more enlarged limits than in the 
above arrangement. If the eccentricity in the position of 
the disc E be still greater than in the Figs. 7, 9, 10, and 
11, loops are formed in the corners and the chisel does not 
cut continuously. The bars thus turned have sharp edges 
and the chisel always preserves the most favourable posi- 
tion. 





Progruss or PHILADELPHIA.—Prior to 1867, thenumber 
of buildings erected in Philadelphia ranged from 1100 to 
2700 perannum. Between 1867 and 1874 inclusive, 41,867 
houses were, however, erected in the Quaker City. 





CARTER’S PATENT DISINTEGRATOR. 


Ws illustrate on page 135 @ description of disintegrator 
recently introduced by Messrs, Carter Brothers, of 82, Mark- 
lane, London, which possesses several special features 
and improvements rendering it worthy of notice. With 
disintegrators in general, the great difficulty has been 
to obtain a uniform product of ground material, the diffi- 
culty arising from the construction of the gratings or 
screens through which the pulverised or granulated material 
has to escape. These have been placed at the sides of the 
machine, have been made leuvred or valved, and bave 
been in various ways protected from the direct action 
of the beaters or arms which effect the pulverisation. A 
distinctive feature in Carter's disintegrator is that the 
openings of the screens or gratings through which the 
material has to escape, are exposed to the direct action of 
the beaters, and are thus much less likely to choke up 
with damp or sticky materials than holes protected or placed 
at the sides. Substances of widely different character are 
reduced to any required degree of powder, granulation, or 
shredding, as, for instance, coal, oak bark, grain of all 
kinds, dye woods, furze or gorse, foundry blacking, ores, 
bones, manures, chicory, seed cakes, fireclay, &c., and with 
a uniformity, judging from samples we have seen, that 
leaves nothing to be desired, and that, too, without any 
sifting or dressing whatever. 

The construction of the machine is so clearly shown by 
the illustration as to be easily understood. Fig. 1 isa 
longitudinal section, and Fig. 2 a cross section through 
the feed chamber of the machine. The material to be 
operated upon is fed from a hopper into a trough contain- 
ing a worm which carries it forward into the disintegrator, 
where it is caught by the extremity of the arms or beaters 
and thrown violently into the recessed and corrugated 
pocket. From thence it returns again and again to the 
action of the beaters until fine enough to pass away through 
the screens which form the whole bottom semi-periphery of 
the machine, the corrugations in the top retarding the 
material from being carried round, and also assisting in 
disintegrating it. For many purposes the screw-feed is not 
necessary, an ordinary adjustable feed-shoe and hopper being 
all that is required. : 

For materials that require to be made impalpably fine, a 
modification of the machine is used, in which the open 
gratings are replaced by corrugated pieces similar to those 
in the upper part, and part of the top opened up and 
furnished with a trunk, having several baffle pieces fitted in 
it, and leading into a large receiving chamber. The ma- 
terial when fed into the disintegrator can only escape by 
being carried upwards inte the receiving chamber by the 
current of air caused by the beaters. The material settles 
in the chamber, aed a return air-pipe from the latter back 
into the feed trough relieves any pressure of air and prevents 
any escape of dust. For foundry use these machines seem to 
be especially suitable, as they will grind coal, loam, 
sand, &c., and they also possess advantages over millstones, 
no stoppage for dressing being required. The beaters, which 
are the only parts subject to wear, can be repaired by any 
smith, while the alteration of the screens can be effected in 
five minutes. The machines are self contained, and can be 
placed on any ordinary floor. 





Taz InsTITuTION or Crvit Enartnrgrs.—Of tho 
three classes of which this incorporated Society consists, 
there were on the books on the 2nd of this month, according 
toa list just issued, 843 Members, 1530 Associates, 
and 14 Honorary Members, with a class of Students 
numbering 373, together 2760 of all grades. 





CaNaDIAN PaciFic RarLway.—There apes to be an 
impression that the further prosecution of this undertaking 
is likely to be postponed. The financial condition of Canada 
is little favourable at present, and retrenchment is now the 
order of the day in the Canadian official world. Surveying 


parties, which have been at work for several months past, 
effected a junction at a point near Battle River in tho 
Saskatchewan district on Christmas Day. The exact point 


of junction was latitude 53 deg. 6 min. 36 sec. north, longi- 
tude 113 deg. 2 min. 45 sec. west. Mr. H. A. F. Macleod 
has been in general charge of the surveys in the district ; 
Mr. D. E. BR. Lucas in charge of the surveying party from 
the east; and Mr. A. N. Ruttan in charge of the survey- 
ing party from the west. 





WAITARA AND Waneanur (N.Z.) Ratuway.— The 
passenger station of this railway at New Plymouth is on the 
west side of the custom-house, and is whatis termed of 
the fourth class. A bridge at the Henui river is 136 ft. 
long, comprising one span of 13ft., two of 30ft., and one 
of 60ft. The bridge was a difficult one to build, as its 
erection involved a deal of scaffolding, since the floor 
of the bridge is 37 ft. above the bed of theriver. From this 
bridge the line begins to rise at a gradient of 1 in 40 ; after- 
wards it is nearly level, running to the Waiwakaiho bridge. 
This bridge is the longest on the line, being 284 ft. in 
length; it consists of seven spans, two of 13ft., one of 
14 ft. 6in., one of 38 ft., and three of 60ft. The floor of 
the bridge is between 18 ft. and 19ft. above the water. 
The next river is the Mangaoraka, which is crossed 
by a bridge 119 ft. long, consisting of two spans of 13 ft., 
one of 30ft., and oneof 60ft.; the floor of this bridge is 32 ft. 


above the bed of the river. ba ip sotn the line comprises 
nine bridges crossing rivers and s 8. 
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COMPOUND ENGINE FOR THE STEAM LAUNCH “BELL BIRD.” 
CONSTRUCTED BY MORT’S DOCK AND ENGINEERING COMPANY, LIMITED, ENGINEERS, SYDNEY. 
(For Description, see Page 129.) 
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COMPOUND AND NON-CQ 


TABLE SHOWING THE RESULTS OF EXPERIMENTS WITH THE STEAM MACHINERY OF THE U.S. REVENUE STEAMER “ GALLATIN,” MADE aT#uE 




























































































































































































REVENUE MARINE ENGINEERS, (TO ACCOMPANY REPORT OF CHIEF ENGINEER CHAS. H. LORING, U.S.N., SENIOR MEMBER REPRES, 6S US 
APPROXIMATE STEAM PRESSURE mn aia ~ eco eco Ib. 123 
a o 
6 
Zz 
Stream Jacker nse 
: — MANNER IN WHICH ENGINE WAS OPERATED «- + — oee| STEAM JACKET NOT IN UsE. Sream JACKET IN USE. SUPPLIED wiTH# LB. 
Poe : eee 
1 ignation of runs ... ...| Namber for reference... eee tae ee ond oe ae 1 2 3 4 5 
ae hale A alien ee a ae ena ae ae: ey GG FF EE DD ds 
3| Time ... ... w ee| Dateofexperiment. —. uve os nes, aus, =ees nests ove] De, 27, 1874, | Dee. 27, 1874. | Dec. 28, 1874. | Dec. 27, 1874. |Jan. 1, 1875.\Jan, f 1875. 
hours. hours. hours. hours. hours. rs. 
a .| Duration of experiment ... ee eve ove ose ove dee ooo ove eee 1.9166 2.250 2.100 2.1333 2.2166 ‘= 
” pansio erage . 12.83 15.42 13.14 36 . 
5 | Steam, cut-off, ex ion ...| Av e steam pressure in boiler above alee. eee ene ‘hea soli ene 14.56 \- i 13.39 1986 
6 = ‘ie se ...| Cut-off in fractions of stroke... ee ees eee one age oe ove .4630 -64015 -4680 -64795 52512 62556 
7 5 gs «os se tl ae ee ee 2.01529 150965 1.99641 1.49316/ 1.80847; 154151) 
_* SCTE in. in. in. in. in. in. ) 
8 | Vacuum and barometer...) Average vacuum in eondenser ont aa io ee ee 25.535 25.000 25.107 24.875 26.035 25.500 
9 aT past sal ...| Average barometer oa dhe Se ae a a cae aoe 30.248 =— = i eu ag 
Ib. . 
10 .| Average barometer ove eee eco an ose pan eco ose eco ove 14.847 14.847 14.716 14.847 15.029 11.029 
* : SOE gern a | fe | he | atte | om | oe 
11 | Tem turcs (Fahr. scale) ... : verage temperature external air on a one ate _ eid 36.000 . 
12 sagt . PU , on } Air Average temperature engine room esis ie ons os ab oad 64.000 70.500 73.600 69.666 87.000 7 
13 oF Average temperature sea water ... one aod one ees ame os 35.000 35.000 35.000 36.000 32.000 
14 | Water Average temperature discharge water ... ane ose jas pa el 75.000 80.250 84.000 78.333 56.500 
15 sal Average temperature hot wel eco ose doe ode ose 116.666 124.750 118.400 123.000 115.500 11 
16 wi sie | Average temperature feed water by tanks eco eee eco one ooo 115.710 121.777 | 119.285 123.250 103.714 ll 
W Revolutions ... i ...| Total revolutions ... -_) o~ — « —. ~~ | — wh. te 5517. 5199. 5468. '5580, 
18 eo “| Avemgosevciniiensperheur =. 3.0 tees RB 2452.0 2475.71 | 2547.18 (2466.77 | 
19 ..| Average revolutions per minute ... rit ae a uta ae ‘i ‘ie ose 40.052 40.8666 41.2619 42.4531 41.1118 
in SS ae Ib. Ib. Ib. Ib. Ib. 
20 | Indicator diagrams ... ...| Average initial pressure in cylinder above Chmaeghese eee oes ese eve ees 10.4821 8.8714 11.6250 9.2500 8.8750 
21 im: a ‘? ...| Average total initial pressure in cylinder pv ait on pe as abd 25.3291 23.7184 26.3410 24.0970 23.9040 75 
22 Average total terminal pressure in cylinder ... ee on. aaa 11.1149 13-1328 12.0285 13.7970 11.7374 1 
23 Average total cushion pressure in cylinder... ose one ove wm iia oad 8.7220 9.4256 9.5910 9.5470 9.1540 10576 
24 in ies al “ Average total back qorasare in cylinder sae ve oo aie oa eS eal | 3.6690 3.7890 3.6110 3.9979 3.0230 13 
25 ee ae ea ...| Average vacuum at stroke . i: 5 useit oe ye jon ae —<  he 11.7140 11.500 11.500 11.178 12.500 1 
26 aa ae , “| Average mean effective pressure | 15.8254 16.0776 16.8217 16.7983 15.8898 1 
27 ...| Average mean net pressure. (Estimated friction pressure, 2.5 Ib. ) | 13.3254 13.5776 14.3217 14.2983 13.3898 1 
28 * . .| Average mean total pressure 19.4944 19.8666 20.4327 | 20.7962 18.9128 2 
29 | Power ... we aay: Indicated horse power aerated ne “ we ‘de on ine ia = oe. 9853 90.1688 | 95.2544 97.8675 | 89.6501 {1 ] 
30 be ...| Net horse power ... eee eco eco eco eco “ ete eco 3.2439 76.1478 | 81.0978 83.3027 75.5468 
31 ' ies | | Total horse power .. eco ees pee eve eos eco ees one oce ove 107. 1520 111.4187 115.7020 121.1590 | 106.708 1235590 
OE ies otal weight of fesd-water measured... wows Th,| O7RL8I 8948.954 | 6715.94 732798 (6740.12 (esse | | 
83 + Revolutions using same... OF ade ond sie a | 4600. 5510. 5236. 5447. 5445. ' : 
hours. hours. hours. hours. hours. 
34 Actual 2 Time using same... bo ae ve i she oe “bs otal 1.9141 2.2471 2.1149 2.1384 2.20734 18778 
| Ib. Ib. Ib. Ib. b. 
35 3 pat Water per hour by measurement... «| 8511.606 3982.366 3175.474 3660.325 3053.50 500 5 
36 ei — weight of water received from steam jacket, steam chest, &e. sak pu eco | 177.429 165.415 291.5 43.5 
37 ‘ ove} rtion of total water received from steam jacket, steam chest, &e. ... nm eve 026419 | 021133 043248 Oe 
38 ee osel } Cale. per hour b; A terminal pressure on indicator diagrams .-.| 2228.49 2679.04 2473.8 2410.07 2 
39 a La oe of total water accounted for by indicator... wad iia “ej _ 634607 -672726 ww : 
40 | Coal and refuse | Total coal consumed ees: i eta | bie. cab! aa 3 ans es 
41 wan we | Ave rage coal consumed per hour bon ie he i iia ‘ne ie: we ie 
42 eco . “| Coal pat per square foot of t grate per hour 
43 os le nines of refuse from coal . 
ee a (6 oe Combustible per hour «.. = «.- 
eS "Performance of engine Water per indicated horse power per hour by measurement eal ee 44.1657 33.3368 37.4008 | 34.0594 
46 a (water J Water per indicated horse power per hour by indicator. eos 25.6191 29.7114 | 25.9703 | 92.5745 26.8825 
47 paseo its Water per net horse power per hour by measurement oe ees, Oe 47.9440 52.2978 39.1561 43.9400 40.4186 
48 Water per total horse power per hour by measurement ...  ... | 82-7721 35.7424 27.4453 30.2107 28.6154 
oO Performance of engine& boiler, Coal per indicated horse power per hour one on ons one ose ae one 
50 in” he .| {cou {Seale per net horse power per hour ee a ek i sa a 
51 ose eve one total horse power per hour... one we sus ona ai eta 
52 one ove ---| ) Combus- Combustible per indicated horse power per hour eco eco 
53 : i tible Combustible per net horse power per hour __... eee one evo exe a aie “ + 
lead pm Combustible per total horse power per hour ... ae és wie eos e me are ea al e x 
55 | Performance of boiler vs Water evaporated per pound of coal at observed temperature and sega 
56 exe ose eee | > Coal Ecuivalent evaporation from atmospheric pressure and 100 deg. 
57 Equivalent evaporation from atmospheric pressure and 212 deg. ode 
58 Combus- Water evaporated per pound of combustible at observed temp. and} pressure a ane Sie oat 2 
59 “fom ble) Eauivalent evaporation from atmospheric pressure and 100 7 ove aie np ws ae oss rf 
hd Equivalent evaporation from atmospheric pressure and 212 deg. ose -_ aa a ove oe eat 
61 Calenloted mestmnem perfor. Coal per indicated horse power per hour with boilers proportioned to evaporate nine = is hes wee “ a 
unds of water per pound of coal at —4 = perature oper used | 
actually used in th the different bably the lh lh S which can be obtained ae sea burning an anthracite i. & 
62 » but caleulated for) Coal oe horse power hour, using slow combustion in best land si oe ee eee = 
ers of different propor- or h coal in marine boilers, so proportioned that there will be 
tions using different kinds Ape ow water per pound of coal at pressure and temperature ac | 
be fuel. ployed. 
— eee 
Text. 
October, 1875. 








COMPOUND ENGIN E S—(ee page 121). 


ATBHE U.S. NAVY YARD, BOSTON, MASS., IN THE MONTHS OF DECEMBER, 1874, AND JANUARY, 1875, BY A JOINT BOARD OF U.S. NAVAL AND USS. 


lh 





US. NAVY DEPARTMENT, AND CHAS. E, EMERY, CONSULTING ENGINEER, SENIOR MEMBER REPRESENTING U.S. TREASURY DEPARTMENT.) 





























































































































40 
Stream JACKET NOT IN UsE. 
— _ Sream Jacket 1n Use. 
RE omate Throttled. 
7 8 9 10 Tr 12 13* 14 15 16 17 18 19 20 21 
F 3 L | K | J I 2—H G T A MM B NN Cc D E F 
in. J} 1875.|Dee. 23, 1874. Dec. 23, 1875. Dee. 23, 1874. Dec. 22, 1874 |\Dec. 23, 1874. 'Dec. 22, 1874 | Dec. 24, 1874.| Dec. 21, 1874.|Dec. 31, 1874| Dec. 22, 1874. | Dec. $1, 1874. [Dec. 22, 1874. |Deo. 22, 1874. Dec. 22, 1874. (Dec. 22, 1874. 
' hours. ours. hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. 
) 1.7665 1.98334 | 2.0500 2.100 2.31667 | 2.16667 2.5666 2.0166 2.0500 2.200 2.21666 2.0333 3.7500 2.0833 2.300 
Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. lb. Ib. Ib. 
44.75 40.93 43.29 39.43 39.50 37.67 39.00 45.42 42.79 41.64 89 41.33 40.00 36.18 37.40 
11424 -13864 -21951 -27090 -32635 -4129 -6911 -10545 -14438 -15525 -1716 -22105 -25473 -8775 41561 
5.91665 5.2109 3.78449) 3.16469 2.717383; 2.22615) 1.40805 6.0785 5.0706 4.8195 8| 3.71444| 3.82428) 2.40387 2.21386 
in in. "in. in. in. in. in. in. in. in. in. in. in. in . 
25.875 26.071 25.888 23.625 25.942 22.708 593 26.125 26.535 25.6428 26.555 25.8125 26.363 24.766 
30.0705 30.0705 30.0705 30.1427 30.0705 30.1427 29.8428 80.1628 30.669 30.1427 30.669 30.1427 30.1427 30.1427 30.1427 
Ib. Ib. Ib. Ib. Ib. Ib. lb. Ib. Ib. Ib. lb. Ib. lb. Ib. lb. 
14.760 14.760 14.760 14.796 14.760 14.796 14.648 14.806 15.054 14.796 15.054 14.796 14.796 14.796 14.796 
deg. deg. deg. deg. deg. deg. deg. deg. deg. deg. deg. \ . . A 
43.000 36.000 36.500 41.140 40.285 41.750 36.000 19.6666 13.333 19. 13.000 20°08) sho okn 4iS0 
70.000 70.000 70.000 62.000 64.143 64.000 73.333 69.500 80.000 74.000 75.500 76.500 69.866 65.857 72.833 
37.000 36.000 36.500 36.930 37.000 33.750 35.000 34.416 33.000 35.000 33.000 34.666 36.200 34.000 84,000 
85.000 65.000 69.666 88.785 72.000 106.00 79.333 61.666 60.666 77.000 61.500 80.000 96.666 74.428 85.000 
115.000 102.500 111.666 128.430 111.143 147.500 130.000 98.333 112.000 109.571 115.500 15.000 129.400 111.148 130.33 
103.666 100.710 107.555 132.444 108.000 138.857 122.8128 102.500 109.714 106.857 110.22 113.750 123.647 105.818 123,466 
4558. 5264. 6245. 6318. 7787. 7248. 8113. 5363. 5665. 6691. 6003. 11509. 6816. 8038. 
2580.00 2654.1 3046.34 3008.57 3361.3 3345.23 3160.91 2659.34 2763.42 2752.64 3018.49 2952.29 07 $271.68 3494.78 
43.000 44.2353 50.7723 50.1428 56.0216 55.7589 52.6818 44.3223 46. 45.876 50.3083 49.2049 §1.1511 54.528 58.246 
Ib. lb. Ib. Ib. Ib. Ib. Ib. lb. Ib. Ib. Ib. Ib. lb. Ib. lb. 
41.500 38.000 41.0714 37.0469 37.5833 35.5375 30.0937 43.2083 38.875 39.82142 89.6428 39.9166 37.6153 34.4642 35.5714 
260 52.760 55.8314 51.8429 52.3433 50.3335 44.7417 58.0143 53.9290 54.6174 6968 54.7126 52.4113 49.2602 50.3674 
10.1767 10.5815 13.0815 13.9858 16.4266 19.1252 21.7417 9.7644 10.4290 10.3332 11.5183 11.6710 13.5460 14.7960 18.8674 
8.0100 8.0458 8.3672 10.8072 8.2600 13.5002 8.2600 8.4727 11.4290 8.6532 12.1612 9.7544 11.4807 14.7960 10.5818 
3.3252 3.4098 3.2313 4.44617 3.7402 5.5245 3.0349 3.7258 3.370 3.4664 3.8236 8.7553 4.6609 2.8686 4.5063 
11.8333 11.714 11.928 10.953 11.8125 10.3791 11.7005 11.333 11.0830 11.6428 12.000 11.500 10.6530 11.500 10.785 
20.8163 20.9526 26.1528 26.5010 30.8104 30.9037 30.3556 19.9048 21.6990 -6730 23.6458 24.6144 26.3818 28.4668 31.9018 
18.3163 18.4526 23.6528 24.0019 28.3104 28.4037 27.8556 17.4048 19.1990 19.1730 21.1458 22.1144 23.8818 9668 29.4018 
24.1415 24.3624 29.3841 30.94717 34.5506 36.4282 33.3905 23.6306 0690 25.1394 4694 28.3697 31.0427 31.3354 86.4081 
122.842 -l | 182.2268 182.8689) 236.874 | 236.4568) 219.465 | 121.0725 187.5010 | 186.4482 | 163.2515 |166.2114 | 185.1921 | 213.0218 | 255.0051 
108.086 112.019 164.8007 165.1600 217.654 217.328 201.390 105.866 121.350 120.700 145.992 149.331 167.543 194.314 235.022 
142.461 147.895 204.741 212.959 265.629 278.727 241.406 143.735 158.452 158.273 189.650 191.570 217.9114 234.488 291.026 
5617.808 6744.57 8979.535 10039.023 13467.956 14474.453 16736.27 5618.10 6731.267 6735.70 8974.02 7845.87 17899.316 11228.702 15653.891 
, 5270. 6255. 6292. 7805. 7287. 8147. 78. \ 6680. 6014. 11531. 6818. 8089. 
hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. | hours. hours. hours. hours. 
1.7585 1.9856 2.05322 2.09136 2.32202 2.17832 2.57742 2.0223 2.04312 2.20486 2.21302 2.03702 3.75717 2.08394 2.31459 
Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. lb. 
3194.61 3396.752 4373.259 4800.24 5800.100 6644.763 6493.413 2778.064 $294.595 937 4055.09 3851.567 4761.384 53888.198 6763.129 
ee pas Se a na isa fa 516.214 427.766 320.961 416.000 331.653 552.925 300.000 289.82 
sais so i we = ae ae 09) -088549 -047652 -046356 F -026717 018514 
2198.09 2351.386 1.86 $479.41 4613.68 5251.60 5729.68 2167.33 43 2872.375 2846.41 2857.89 083 4056.68 44 
d | -69224 -761873 -724842 -79 : d -78016 717365 -776570 -701933 -742006 -721446 - 752882 807975 
26.0058) 26.7049; 23.999 26.3225; 244860 28.1014 29.5875| 22.9454, 240218 | 223890 248396 23.1727 25.7104 | 25.2941 | 26.5215 
17.8936 18.4862 18.2842 19.1236 19.4778 22.2096 26.1075 17.9011 17.2324 17.3866 17.4357 17.1943 18.5485 19.0435 21.4287 
6 29.556 30.3230 26.5357 29.0642 26.6483 30.5749 32.2429 26.2413 27.1496 25.3082 27.7762 25.7922 28.4017 27.7294 28.7766 
22.424 22.9673 21.3599 22.5407 21.8353 23.8397 26.8982 19.3277 20.8211 19.3017 21.3820 20.1052 21.8501 22.9786 23.2889 
. 
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Text. . . 
CHAS. H. LORING, Chief Engineer, U.S.N. 
CHAS. E. EMERY, Consulting Engineer, U.S.R.M. 
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COMPOUND AND NON-CoQ 


TABLE (continued) SHOWING THE RESULTS OF EXPERIMENTS WITH THE STEAM MACHINERY OF THE U.S. REVENUE STEAMER « GALLATIN,” 
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U.S. REVENUE MARINE ENGINEERS, (TO ACCOMPANY REPORT OF CHIEF ENGINEER CHAS. H. LORING, U.S.N., SENIOR MEMBER oan US 
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| Performance of ‘engine & & belies “ie 
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Performance of boiler 
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‘oal 


ja 


Coal per r indicated horse power per hour ea 
Coal per net horse power per hour... ae ae ae ai “id 
Coal per total horse wer per hour Pa se ae nel 
Combustible per indicated horse power per hour... 
Combustible per net horse power per hour 
Combustible per total horse per hour 








ju 


tible 


ie 


Water svaporated per lb. of coal at observed temp. and pressure 
Equivalent evaporation from atmospheric pressure and 100 deg. 
uivalent evaporation from atmospheric pressure and 212 deg. 
ater evaporated per lb. of combustible at observed temp. and pres. 
uivalent evaporation from atmospheric pressure and 100 deg. _... 
Equivalent evaporation from atmospheric pressure and 212 deg. 
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ferent 
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. maxim’ 
== Sof the dif-| 
in the . 

engines, but calcu- 
boilers of eens 
‘erent 

of 7 


aximum perfor-| 


on the water 





Coal per indicated horse pow 
nine pounds of water per po 


oak pe hour with boilers proportioned to evaporate 
of coal at pressure and temperature pacey used 





(probably the maximum which can be obtained at sea burning anthracite coal). | 
Coal per indicated horse power per hour, using slow combustion in best land) 


boilers or 


best Welsh coal in marine boilers, so proportioned that there will be! 


evaporated ten pounds of water per pound of coal at pressure and temperature 
actually employed. 

















APPROXIMATE STEAM PRESSURE ... Ib. | 
Linx Haven Up. 
8 CONDENSING, WITHOUT VACUUM. | ne 
§ Jacketin Use.) | 
i —— MANNER IN WHICH ENGINE WAS OPERATED independent : +— Dr 
g not | Ind dent | I 
Steam Jacket not in Use.| Steam Jacket in Use. in Use. Cutoff in oo 
3 Use. in Ue. 
1 | Designation of runs ... .| Number for reference 22 | 23 24 25 26 
2 ie * ignation in log 4 | x! AA Zz! QQ 
3 | Time .| Date of experiment ... | Dee. 26, 1874 Dee. 28, 1874 Dee. 27,1874 Dee. 28, 1874| Dee. 81, 1874 
hours. ours. | ours. hours. hours. 
4 .| Duration of experiment 2.2000 | 2.21666 | 2.05 2.1166 1.91666 
a lb. “a ae > | 
5 | Steam, cut-off, expansion ...| Av steam pressure in boiler above oteneaghese wl - ee ini ie 70.71 66.21 | 69.67 67 43 63.83 
6 ss san oe | Ca in fractions « outs ose ceo one ese ace ese -17799 24041 -19589 -3656 
7 .| Ratio of expansion ee ee 4.3702) 3.47969 407141 3. 52467 2.47017 
| in. in. in. in. in. 
8 | Vacuum and barometer ...| Average v in cond 1.0000 1.708 1.000 1.729 24.660 
9 sae wees wee} AVorage barometer ... 30.2852 29.980 30.248 29.980 3.669 
lb. Ib. Ib. Ib. Ib. 
10 ...| Average barometer... 14,8660 14.716 14.847 14.716 15.054 
| deg. deg. deg. deg. deg. eg. : 
11 |Temperatures (Fabr. scale) ...| } Air yee temperature external air ... ...| 45.000 39.500 40.428 86.000 4.000 28.333 14, 4 
12 hae % al esl Average temperature engine room ... sen 77.333 78.000 74.428 74.625 65.000 71.666 86. ¢ 
13 “| Average temperature sea water... eee 37.000 34.000 « 80 eco 33.000 32.000 33. j 
14 Water Average temperature disc water eost he faa ia 83.000 62.666 65. 6 
15 Average temperature hot well; coo - ooo} am x pom ove 141.000 116.333 121. 1 
16 Average temperature feed ar by tanks vee] 121.727 133.38 126.80 131.416 132.64 112.25 122. 10 
17 | Revolutions ..| Total revolutions... ie es pr tae ms gaa ws! 6164. 6873. 6085. 6761. 7128. 7268. 7131. | 903 
18 om ..| Average revolutions per hour one ‘0 eco eee eed ove ++-| 2801.82 3100.60 2968.29 3194.17 3718.96 3516.78 3656.92 361 
19 | | Average revolutions per minute ate Paes de «aie | 46.697 51.6767 49.4715 | 5323.62 61.9826 58.6129 60.917 | 6 
sd | | Ib. Ib. Ib. Ib. Tb. Tb. Ib. 
20 | Indicator diagrams ... ...| Average initial pressure in cylinder above otmerghen... «| 68.8571 64.3964 67.750 64.125 51.8333 55.214 48. 6 
21 on — onl ws Average total initial pressure in cylinder... ose .:| 83.7237 79.1124 82.5970 78.8410 66.8873 70.2430 63. 8 
22 ‘ ——— total terminal pressure in cylinder ia iad ies nee s| 19.2951 21.5017 19.6803 21.0910 19.5540 15.1004 18.8 1 
23 fia | 4 verage tetal cushion pressure in ped a on a a? “ue e-| 41.2504 41.8231 44.6386 45.9243 28.2623 25.4575 28. 
24 “| Average total bask pressure in eylinder w| 14.8660 14.7160 14.8470 | 14.71¢0 6.6695 4.9508 5 , 
25 ...| Average vacuum at “ae anal a - sla 10.333 11.857 11. 1 
26 .| Average mean effective pressure eee] 26.4717 28.8763 27.9237 29.0437 35.0073 32.1374 33.9 3 
27 ...| Average mean net pressure. (Estimated f friction n pressure, 2 2.5 5b) e-| 23.9717 26.3763 25.4237 26.5437 32.5073 29.6374 S146) 3: 
28 ..| Average mean total pressure 41.3377 | 43.5923 42.7707 | 43.7597 | 41.6768 | 37.0882 | 39968 | 3 
29 | Power ... ..| Indicated horse power (effective) . - 169. 6430 | 204.7868; 189.5806) 219.1905 297.7790 | 258. 5058 | 284.18 | 286 
30 a | Net horse power... 153.622 | 187.0570 | 172.608 | 193926 | 276.513 263.208 | 26 
31 .| Total horse power | 264.911 | 309.1500 290.580 | 819.703 354.511 308. 328 Be oz Mane | Si 
— I fe - } 
32 Water ... “| Total weight of feed water seangaanen Ib.|11186.34 |13381.85 10054.40 |12263. 12 14500,00 12333.590 [1342162 | 1370 
33 * Revolutions using same acs «| 6165. 6901. 6085. 6752. 7176. 7295. 7141. 903) 
; ; | hours. hours. hours. hours. hours. hours. hours. h 
34 | Actual 4 Timewsingsame 8... ose nee tee ee ewe 2. 20086 2.2257 S600 2.1138 1.92957 2076s - 
Ib. Ib. A 
| Water per hour by measurement ... ; S088 irs 6012.43 4904.592 6801.824 7514.614 5945.778 6875.246 628 
| Total weight of water received from steam jacket, steam chest, &e. . a 287.569 429.25 em 617.500 371.40 41; 
Proportion of total water received from steam jacket, steam chest, és! = d * 03500. one -041959 027895 
| = a Water per hour by terminal pressure on indicator mew ’ 5033.626 4612.61 | 5014.05 5690.00 4130.64 6379.80 . 471 
| Proportion of total water accounted for by indicator -795944 | 83 9 9) -864295 -757190 -694718 | 7 4) 
‘Coal and refuse ...| Totalcoal consumed . oa A pa . | 
@ ia < Average coal consumed per hour ... a . ine “ 
| .| Coal consumed per square foot of grate per hour ‘me ose oss on oo él ove bi. 
...| Percentage of refuse from coal... al” ales eee.’ > banal aa Ss us 
; m iad . Combustible per hour ion one see ee ied a = “i al | oie oe 
Performance of rmance of engin» oe Water per indicated horse power per hour by measurement .| 29.9681 29.3594| 25.8702) : 25.2355 | 23.0008 
. Water Water per indicated horse power per hour by indicator .| 23.8530 24.5798 | 22.2355 | 23.6300 19.1080 15.9790 
Water per net horse power per hour by measurement ... abe .-| 93.0934 32.1422 28.4147 | 29.9153 27.1763 24.9408 
Water per total horse power per hour by measurement ia | 19.1909 | 19.4482 | 16.8902 | 18.1460 21.1971 19.9303 
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MPOUND ENGINE S—(See page 121). 


EAT THE U.S. NAVY YARD, BOSTON, MASS., IN THE MONTHS OF DECEMBER, 1874, AND JANUARY, 1875, BY A JOINT BOARD OF U.S. NAVAL AND 
NAVY DEPARTMENT, AND CHAS. E, EMERY, CONSULTING ENGINEER, SENIOR MEMBER REPRESENTING U.S. TREASURY DEPARTMENT.) 























































































































































































































G US. 
70 
Stream JACKET NOT IN USE. Srzeam Jacxer in UszE. 
—-— 
} : JACKET IN Usk, 
= Jacket NoTIN Use. |SupPLIED DrrREcT FROM 
—+— |Drarnine STEAM CHEST. Bolter. Weighing Weighing 
epeadlent Coal. Coal. = 
t-of not 
n Ue. 
28 30* 31 32 33 34* 35 36 37* 38 39 40* 4l1* 42* 43 
Rh N/ LL KK wi WwW Vv M U JJ 8 R Q JsJ P 
. 81,1874) Dec. 23, 1874. Dec. 23, 1874. Dee. 31, 1874. [Dec. 31, 1874.| Dec. 29, 1874. | Dec. 24, 1874. Dec. 24, 1874. |Dec. 23, 1874.|Dec. 24, 1874.| Dec. 28, 29. |Dec. 27, 1874.|Dec. 27, 1874.|Dec. 27, 1874. | Dee. 28, 1874.| Dec. 27, 1874. 
hours. ours. hours. ours. | hours. hours. hours. hours. hours. hours hours. hours. hours. hours. hours. 
2.500 | 2.0500 1.8666 2.03883 | 23.95 2.18338 2.0500 2.0166 1.9833 28.9833 2.2166 2.0166 2.1166 4.41666 1.9338 
» | Ib. Ib. Ib. Ib. Ib. lb. lb. Ib. Ib. a et ae Ib. 
69.56 60.36 71.17 67.00 71.50 68.21 68.50 6108 65.37 156 1.79 93 68.25 67.21 
15139 2000 .15277 .21267 17304 | 07 1048 12327 - -18494 -17108 .079811 -12162 -14818 .17298 .18871 
490515; 4 00848) 4.8742 3.82617| 4.46074, 7.7825 563424) 4.93605) 424913) 449763 7.314651) 683 4.9787 4.46185 4.18621 
in. | in. in. in. in. in. in. in. in. in. in. in. in. in. in. 
25.950 25.807 25 841 25.357 25.285 25.245 25.136 25.875 25.769 25.335 25.722 25.409 25.827 24.932 25.035 
30.0705 30.0705 }* 80.669 80.669 30.826 29.8428 29.8428 80.0705 29.8428 29.974 80.248 30.248 80.248 29.980 3.248 
Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. lb. Ib. Ib. Ib. 
14.760 14.760 15.054 15.054 14.886 14.648 14.648 14.760 14.648 14.716 14.847 14.847 14.847 14.716 - 14.847 
deg. deg. deg. deg. deg. deg. deg. deg. deg. deg. deg. deg. di deg. d 
40.400 87.655 4.000 6.625 20.909 89.750 46.000 44.350 ° 36.000 87.765 43.000 57.500 82. 48.055 89. 
64 400 63.333 75.600 74,000 74.590 67.500 73.666 72.250 66.000 69.380 70.000 65.000 43.333 66.444 75.000 
33.600 34.000 33.400 32.500 34.511 36.000 36.000 37.000 34.625 85.977 86.000 35.500 85.000 86.000 85.000 
5. 69.000 66.000 78 800 75.000 73.404 75.000 75.833 76.250 68.250 72.855 66.000 77.600 65.333 75.444 75.250 
1. 114.200 110.655 130.000 132.000 128.372 119.000 120.333 111.500 112.625 120.454 114,000 122.000 111.833 117.888 120.000 
2. 109.60 107.230 121.090 126.000 123.669 113.500 117.09 109.080 107.583 119.470 115.110 117.909 113.769 120.000 121.583 
1. | 9037, | 7402. | 6548. 7518. 86941. 6858. 6890. 7244, 7076. 88552. 6798. 7089. 7774. 16234. 7972. 
6.92 | 3614.80 | | 2610.73 | 3507.86 3694.92 3630.1 8141.039 3360.99 8592.07 3567.22 8692.2 3066.76 3515.21 3672.7 3675.62 4123.45 
0.917 | 60.2467 60.1789 | 58.4643 61.582 60.5017 52.3512 56.0162 69.8678 59.4537 61.5366 61.112 58.586 61.212 61.2604 68.7241 
b.| | Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. Ib. 1d. 
8, 67.6875 58.4285 67.5833 63.000 61.2708 68.7857 66.1428 66.9166 69.3750 63.1146 70.1260 70.4642 68.6428 66.9423 |. 65.8928 
3. 82.4475 73.1835 82.6373 78.054 76.1568 83.4337 80.7908 81.6766 74.0230 77.8306 814.9720 85.8112 83.4898 81.6588 80.7398 
8.8 15.6662 16.6528 13.9707 15.6963 15.4103 12.4695 14.1480 15.3433 16.2313 15.4729 12.1887 15.5265 16.6970 16.1198 17.4898 
8. 9.1975 10.5256 16.0540 16.9111 14.8478 10.5766 10.5766 9.9267 10.5256 12.2619 9.9304 10.5256 10.5256 12.2619 10.5256 
5: 3 3432 4.0527 4.2353 4.6086 42794 4.5378 4.6605 3.8714 4.036 8.9822 3.6007 4.2397 40002 4.1530 4.3480 
L. 10.984 1.9840 11.583 11.071 11 256 10,285 10.2850 11,500 10.872 11.330 11.260 11.071 11.071 11.330 11.071 
3.9 34.9726 34.7324 31.8202 33.4253 32.3535 25.7627 80.1064 34.0276 34.6763 33.3510 28.0831 83.6306 86.4546 85.1573 36 8965 
1.46!) 32.4726 32.2394 29.3202 80.9253 29.8535 23,2627 27.6064 31.5276 82.1763 30.8510 25,5881 31.1806 83.9546 32.6573 84.3965 
9969 | 333158 | 387851 36.0555 38.4389 36.6329 80 3005 34.7669 37.8990 38.7123 87.3332 81.6838 87.8703 40.4548 39.3103 41.2795 
41& | 289.1525 286.843 (| 255.306 263.4847 | | 268.630 | 185.090 231.440 | 279.570 | 282.929 | 281649 196.988 270. oo 306.238 | 295.570 | 347.985 
3.208) | 268.482 | 266.196 | 235.246 261.356 247.872 | 167.128 212.222 259.029 262.531 260.536 179.452 285.236 274.652 824.406 
4265} | 316.7935 320.313 | 289.286 321.432 304.102 | 217.691 267.267 311.877 315.860 315.278 222 245 508 133 839.841 830.184 889.322 
162 | |15706.75 113470. 28 «(14118167 ©—//14526.107 —«|155413.0 10088.13 11199.35 12342.613  {18469.217 |148863.4 8961.640 /|11196.82 13450.04 27978.09 14542.00 
1. | | 9081, | 7394, 6548. 7199. 186248. 6340. 6812. 7244. 7080. 88531. i 7063. 7796. 16243, 8022, 
ows. hours. | hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. hours. 
195218 2.49834 2.0477 1.8666 2.02954 23.7591 2.1776 2.0357 2.0166 1.9847 23.9778 2.2202 2.0092 2.12266 4.419115 1.94543 
b. ib =| th Ib. Ib. Ib. Ib. ib. Ib. lb. Ib. Ib. Ib. Ib. Ib. Ib. 
$246 | 6286.874 | 6577.982 5993.663 7157.825 6541.18 4632.63 5501.423 6120.304 6786.405 6208.37 4036.25 5572.583 6336.418 6331,153 7475.245 
1.40 415.50 | 233.50 458.500 301.481 ix ace an a ine 52.35 459.847 407.668 884.342 934.771 453.077 
027895 026454 | 017334 .040981 05 em ie ‘as 034645 051313 i 028575 0383411 03155 
80 | 4714.94 4983.19 3958.50 4680.753 | | 4551: 90 3238.79 3936.97 4576.50 4796.05 4698.65 7.52 4520.87 1.36 83 5978.83 
78214) 749965 | 75754 .66044 .653970 | 695883 | 699119 .715626 .747758 .706714 .756: 7649382 .811180 797195 846738 .799810 
ne rs 21580. in ais os 20280. ove ‘ae “a pi 
pis re 901.044 Vie vat s 845.587 ‘a at Mad tis 
z 16.3085 wre cs = ass 15.8017 a pe er ie 
ri 21.6089 tb ai 2 21.6089 la pte ei we 
ba 706.339 sa iis * 662.865 Fs pe i ps 
22.9324 | 23.4765 25.3870 | 24.3501 25.0294 23.7705 21.8919 | 23.9862 22.0429; 20.4901 20.609 20.6912 21.4201 | 21.4815 
17.3722 15.5046 16.5694 16.9374 17.4935 17.0107 16.370 16.9514 16.6826 15.6736 16.7176 16.8791 18.1372 17.1813 
24.7110 25.4782 27.3853 26.3893 27.7193 29.9230 23.6277 25.8199 23.8292 22.4925 22.264 22.2146 23.0599 23.0429 
20.5361 20.7188 22.2670 21.5056 21.2300 20.5840 19.6556 21.4855 19,6917 18.1615 18.3017 18.6452 19.1572 19.2007 
eee eee 3.35422 oe tT oof - 3. 00227 eee eee - ore 
rae 3.63511 | a i ae ale 8.24556 ‘si wai oa ji 
ie 2.96238 | = ask e 2.68203 des ae om sie 
it 2.62911 ia ei ms 2.35351 ‘a 008 we die 
peas 2.8496 | ¥ es hi 2.541423 = + ne ais 
. 2.322214 | i ih a 2.10247 aki ye an tes 
ooo 7.25956 ooo eee eee oT 7.312085 eee eee eee eee 
aj a 7.30375 i a és sa 7.41792 de en igh ge 
ec a 8.15687 Be 2 ie 8.28438 a a pis its 
ove m 9.2607 pee ae nee 9.36597 ooo ove eee oes 
soe aie 9.20467 ve ee. ey 9.46271 ies tee i. 30 
a 10.2798 sa ba és 10.56802 bas mn % kas 
said 2.70553 as i. 2.4492 2 i 
2.43501 ee eee eee eee 2.20429 eee aoe eee ere 
SE 
» Sefert. : " 
CHAS. H. LORING, Chief Engineer, U.S.N. 
CHAS. E. EMERY, Consulting Engineer, U.S.R.M. 




















Fes, 18, 1876.] 


ENGINEERING. 


131 








‘ 

AGENTS FOR “ ENGINEERING.” 
MANCHESTER: John Heywood, 143, Deansgate. 
GLasGow: William Love. 
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SHIPPING LEGISLATION. 


On Thursday the 10th inst., according to promise, 
the Government Merchant Shipping Bill was intro- 
duced into the House of Commons by Sir Charles 
Adderley, the President of the Board of Trade, and 
on the same evening a Bill was introduced by the 
Chancellor of the Exchequer to amend the laws re- 
lating to marine insurance. 

It will be remembered that last session the Presi- 
dent of the Board of Trade introduced the Mer- 
chant Shipping Bill, and that towards the end of 
the session when the Government got into some- 
what hot water, Sir Stafford Northcote came un- 
expectedly to the front to represent the Govern- 
ment on the subject. This session the same two 
ministers have a Bill each. 

The ‘‘ Marine Contracts Act,” as it is termed, 
merely touches the edge of the subject with which 
it affects todeal. As it standsit is just sufficient to 
disturb the present law, and,lead to much confusion 
and litigation, whereas it is far too narrow and re- 
stricted to settle the quéstion of marine insurance. 
It is generally admitted that the law of marine in. 
surance is even more difficult to deal with than the 
question of unseaworthiness. The Government 
apparently think they can deal with it offhand in a 
Bill of two pages. ‘Time will show whether their 
view, or the one which prevails generally among 
mercantile people, is the correct one. It is not, 
however, our intention to discuss the Insurance 





Bill in detail at present, because we incline to the 
belief that the Bill will not be pressed. 

The “‘ Merchant Shipping Bill” must be pressed, 
and it therefore calls for immediate and attentive 
consideration. 

The text of this latter Bill is now before us, and 
after a careful perusal of it, we must at once express 
our opinion that it is essentially a bad Bill, and that 
it contains in an aggravated form most of the evils 
which have characterised recent shipping legisla- 
tion ; and, moreover, unless it be completely altered 
—not to say amended—in Committee, we see little 
hope that it will satisfy the country, or lead to any- 
thing like a settlement of the question. 

When the Bill was first introduced it was stated 
to contain provisions regarding the load-line, deck 
cargoes, and the stowage of grain, and to provide 
courts of survey for the settlement of disputes re- 
lating to the seaworthiness of ships. The four 
chief points on which legislation has been so loudly 
demanded appeared, therefore, to be contained in 
the Bill, and it was thought to be merely a matter 
of detail to deal with these points effectively in 
Committee. A careful examination of the text of 
the Bill will, however, show most people interested 
in the subject, that there is far more than this to be 
done if the Bill is ever to be made into a satisfactory 
and efficient Act of Parliament. 

It is unfortunately as mistaken in pene as it 
is defective in details, and bears the stamp of having 
been framed by people entirely unacquainted with 
the actual needs and requirements of our mercan- 
tile marine, and ignorant of the traditions, the 
tendencies, and the vital sources of strength which 
have led to the rapid and wonderful development 
of the commercial navy of this country. It appears 
like the work of people, who after looking from 
without at a vast and complex organisation, pro- 
pose to set up new laws for its regulation without 
understanding the forces already at work which 
have grown up with it, and gradually become 
moulded to suit the peculiar requirements of the 


case. 

Sir Charles Adderley in the speech with which 
he introduced the Bill, following the line of argu- 
ment more fully worked out in the last Quarterly 
Review, produced a number of statistics to prove 
that British shipping has increased rapidly during the 
last 40 years, that it has arg upon the shipping of 
other countries, and that the proportion of losses, and 
especially of loss of life, has diminished. From this 
he, like the writer in the Quarterly, concluded that 
the recent agitation has been based solely upon 
erroneous representations, and that little need be 
done except to enact liability and penalty clauses 
against recklessness, and to provide law courts, 
judges, assessors, and all the other machin 
necessary to carry out the penalties so en H 
The premises, if correct, by no means support the 
conclusions drawn from them. But let us briefly 
consider how far the case is made out in the 
Quarterly Review, because that is obviously the case 
for the Government, stated more fully and com- 
pletely than could be done in a speech in Parlia- 
ment, 

The inquiry in the Quarterly is conducted under 
the following heads : @ . 

‘1, The actual growth of our mercantile marine, 
more especially since the — of the Navigation 
Laws, including ships, their employment and 
personnel ; and the nature of the ships and trade in 
which that growth has taken place. 

‘9. A comparison of this growth with that of the 
mercantile marine of other countries. 

‘¢3, A comparison of the estimation in which our 
—- are held in foreign ports at the present time 
with that in which they were held before the repeal 
of the Navigation Laws. 

‘¢4. A comparison of the condition of our 
merchant officers thirty years since with their 
condition now. 

“5. A comparison of the condition of our 
merchant seamen thirty years since with their 
condition now. 

“6, A comparison of the loss of ships and of 
lives at former periods with that at the latest 
period of which we have records.” 

The Reviewer shows there has been an enormous 
increase in our merchant navy since 1820, a point 
which nobody has to our knowledge doubted, He 
shows that from 2,648,593 tons of tonnage in 1820, 
the merchant shipping of the British Empire had 
increased to 7,149,134 tons in 1874. And Sir 
Charles Adderley in the House of Commons said the 
most careful sifting statistics prove that British 


‘trade of the United 





tonnage had trebled since 1835. The Reviewer 
shows that British steam shipping has increased 
from 7243 tons in 1820 to 1,987,235 tons in 1874, 
and that the number of men employed in the mer- 
chant service has increased from 159,563 in 1852 to 
203,720 in 1872. Well and good. 

Under the second head the Reviewer shows that 
since the repeal of the Navigation Laws British 
merchant shipping has not only increased absolutely, 
but has increased much more rapidly than the 
tonnage of any other nation except Norway ; and 
that while we carry a greater proportion of our own 
trade now than we did formerly, we also a 
much larger proportion of the trade of other 
countries, Again we say granted. 

Under the third head, viz., the estimation in which 
our ships are held in foreign ports now and before 
the repeal of the Navigation Acts, the general case 
made out in favour of the ships of the present da: 
is confessedly weak, and the writer has to fall back 
for support on the figures as to the rapid growth of 
our mercantile marine, and upon the “ undoubted 
fact that in the most valuable kinds of trade British 
shipping has, in the ports of most foreign countries, 
beaten not only the foreigner who visits those ports, 
but the native shipping, which is at home and has 
its connexions there,” in order to prove that in the 
opinion of those who are most interested, and who, 
therefore, have the best means of judging, ‘ British 
ships are in all essential qualities, on the whole, the 
best ships in the world.” We shall see presently 
how this argument really applies, It is not incon- 
sistent with the fact so often urged by us that some- 
what more than half our sea-going shipping is about 
the best in the world, and that a great part of the 
remainder is very bad, 

Under the fourth and fifth heads the Reviewer 
shows that since 1850 the character and education 
of British merchant officers have on the whole much 
improved, while he finds it impossible to say whether 
the condition of seamen is better or worse on the 
whole now than it was in 1850. ‘It was not satis- 
factory then, and it is not satisfactory now.” 

Under the sixth and last head the Reviewer finds. 
that the proportion of losses, and the proportion of 
lives lost have been decreasing since 1836. Between 
1818 and 1836, the loss of ships is estimated to have 
increased 50 per cent., and the loss of life 31 per 
cent., whilst the shipping had remained about the 
same in amount. Summing up the results for the 
later period, the Reviewer says : 

“In other words, whilst for every ship lost in 
1833-34-35, there were 3794 tons on the register, 
and 7714 tons employed in the foreign trade of the 
United Kingdom ; for every ship lost in 1870-71-72 
there were 6547 tops on the register, and 24,909 
tons so employed; whilst for every 100 tons lost 
in 1833-34-35 there were 2656 tons on the register, 
and 5401 tons employed in the foreign trade of the 
United Kingdom; for every 100 tons lost in 1870- 
71-72 there were 2242 tons on the register, and 
8529 tons employed in the foreign trade of the 
United Kingdom; and whilst for every Hi/e lost 
in 1833-34-35 there were 2276 tons on the register, 
and 4628 tons employed in the foreign trade of the 
United Kingdom, for every life lost in 1870-71-72 
there were 3635 tons on the register, and 13,831 
tons so employed.” 

The writer says these results are so striking that 
he has tested them in another way, and he thinks 
pas are calculated to ae a good many illusions 
and apprehensions, Sir Charles Adderley also gave 
the same figures in the House of Commons, and is 
reported to have said the omg, Bow in the loss of 

ife is the most remarkable part about them. 

In the comments we are about to make on the 
statistics thus so prominently paraded, we have 
no intention to dispute their accuracy. We accept 
them as bein rag | near + nag we 
protest strongly against the way in whi ey are 
grouped and arranged, and made, to all appear- 
ances, to support conclusions they do not support. 

To illustrate our meaning, we will briefly examine 
this point of the proportionate loss of life, as being 
the one on which most stress is laid. m the 

uotation given above, and from the statement of 
gir Charles Adderley in the House of Commons, it 
would be inferred that the proportionate loss of life 
was three times as great in 1833-34-35 as it is in 
1870-71-72, because for every /ife lost there is three 
times as much “ tonn employed in the foreign 
ingdom” now as was em- 

ployed then. But what has the amount of tonnage 
got to do with the — at all? Why not com- 
pare the number of lives lost with the number of 
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men employed, or the number carried? It is well 
known that the number of men employed has not 
increased nearly as rapidly as the tonnage, and this 
fact alone must render the above comparison mis- 
leading. On this subject of the number of men the 
Reviewer says: ““No accurate returns exist for the 
earlier periods, nor is it possible to give any accu- 
rate figures at all for British ships employed else- 
where than in the trade of the Uuited Kingdom. 
But for that trade, and for recent years, the num- 
bers, exclusive of masters, are as follows: viz., in 
1852, 159,563; in 1862, 173,863; and in 1872, 
203,720.” ‘The tonnages registered about the same 
periods are given as follows: in 1850, it was 
4,232,962 tons; in 1860, 5,710,968 tons; and in 
1870, 7,533,492 tons, so that while between 1850 
and 1870 the tonnage increased 78 per cent., the 
number of men in an equal period from 1852 to 1872 
only increased 28 per cent. 

Unfortunately we cannot compare the loss of life 
with the number of men employed at these two 
dates, because the Reviewer tells us the returns for 
1850-51-52 are not to be relied on, and as he has 
not used them we will not do so. We can, how- 
ever, from other figures he gives us obtain a com. 
parison between the losses of life in 1860 and 1870. 

The average number of lives lost in ships belong- 
ing to the whole British Empire in each of the years 
1860-61-62 is given as 1316. The number of men 
employed in British ships engaged in trade in the 
United Kingdom given above for the year 1862 was 
173,863. The number of lives lost, therefore, in all 
ships belonging to the British Empire in 1862 was 1 
to every 132 men employed in British ships engaged 
in the trade of the United Kingdom. 

In 1870-71-72 the average number of lives lost in 
each year in the ships belonging to the whole British 
Empire was 1972, and the number of men employed in 
British ships engaged in the trade of the United King- 
dom in 1872 was 203,720, And this gives an average 
loss of life of 1 to every 103 men in the three years 
ending 1872, as against 1 to every 132 men in the 
three years ending 1862. This is the only single‘op- 
portunity the Reviewer gives us with all his array of 
statistics, to test the proportionate loss of life on 
ro her 2 approaching to a fair basis, and the result 
tells directly against his deduction that the propor- 
tionate loss of life has been steadily diminishing, 
and against the conclusion come to by Sir Charles 
‘Adderley that the “ a off in the loss of life is the 
most remarkable part of the figures.” An objection 
will of course be raised to this mode of comparison 
that “ the number of seamen thus employed is no 
criterion of the number of seamen on the sea at one 
time, since steamers stay in port for a much shorter 
time than sailing ships, and their crews are conse- 
quently much more constantly afloat.” To this we 
reply that if steamers stay a much shorter time in 
port than sailing ships, they are in port much 
oftener, and the proportion of the whole year spent 
afloat does not differ so materially between sailing 
ships and steamers as it is sometimes pretended to 
do, A stronger objection is that the number of 

sons carried in British ships has increased in a 
arger ratio than those employed, but after allowing 
for this, and admitting that our comparison is not 
absolutely correct, we contend that it is accuracy 
itself compared with the erroneous comparisons put 
forward by Sir Charles Adderley and the Quarterly 
Reviewer. 

We do not pretend to have proved that the pro- 

rtionate loss of life has increased of late years, 

ut we maintain that it has not been proved by the 
authorities we refer to that the loss ot life has de- 
creased ; and we say that the figures = forward to 
prove it, are misleading, But if the loss of life has 
not diminished, and that materially, what conclusion 
are we toarrive at when we reflect upon the numerous 
means and appliances for saving life now existing 
compared with what were in use thirty or forty 
years ago? The lifeboats and rocket apparatus 
alone around our own coasts save thousands of lives, 
And they are also in use now to a large extent 
abroad. To compare the present time fairly with 
1833-34-35, the lives thus saved per annum, or at 
least a large proportion of them, should be added to 
the average losses of 1870-71-72, Again, are we to 
make no allowances for life- buoys, life-belts, life- 
tafts, and numerous other modern inventions which 
oughttoreducethe proportionate loss of life in modern 
ships, supposing the themselves to be as safe 
now as formerly? And if there are more. ships on 
the ocean now than formerly, and greater risk of 
collision, is there not also greater chance that the 
crews of abandoned or water-logged ships will be 





picked up, as a set-off? Bearing these facts in 
mind, we cannot but think the Quarterly Reviewer 
and Sir Charles Adderley have failed lamentably to 
prove, not only that loss of life at sea has diminished 
as much as we have a right to expect it should, but 
they have also failed to prove that there has been 
any diminution of loss of life in proportion to the 
number of people engaged or carried. 

On the question of the proportionate amount of 
shipping lost in 1833-34-35 compared with that 
lost in 1870-71-72, it is obvious that where the size 
of ships has varied so much as they have in that 
interval, the percentage of actual tonnage registered 
lost in one year, when it can be obtained, is the 
fairest basis for comparison. We have it then that 
for every 100 tons of shipping lost in 1833-34-35 
there were 2656 tons on the register; while for 
every 100 tons lost in 1870-71-72 there were only 
2242 tons on the register, showing a proportionate 
increase of loss in 1870-71-72 of 18 per cent. over 
the loss in 1833-34-35. 

But it is said the number of voyages is much 
greater in proportion to the Soames registered now 
than formerly. Granted such is the case, have not 
other considerations arisen to counterbalance this? 
Because a steamer can make, say, three voyages to 
India through the Suez Canal while a sailing ship is 
making one voyage round the Cape of Good Hope, 
are we to count one steamer for statistical purposes 
as running three risks to the sailing ship’s one? To 
do so would be to assume that steamers are three 
times as perilous as sailing ships in the course of a 
year; but the current rates of insurance do not 
justify any such conclusion ; and we contend that 
to compare the number of tons lost with the number 
of tons cleared and entered, or as it is termed “‘ em- 
ployed in the foreign trade of the United Kingdom” 
is utterly misleading and fallacious. 

We find, then, according to the Reviewer's own 
figures, that the percentage of tonnage on the re- 
gister lost is greater in 1870-71-72 than it was in 
1833-34-35, and this although the following means 
have been adopted to diminish the losses. These 
means are summarised by the Reviewer as follows 
(they are applied Aaa to support quite an oppo- 
site conclusion !). e says: ‘‘Lighthouses have 
been multiplied and improved ; sound signals have 
been established ; harbours have been constructed, 
deepened, and made accessible; charts have been 
perfected; the classification of ships has been re- 
vised; ... . masters, mates, and engineers have 
been required to pass examinations ; they can be 
caaniseed: if drunken or incompetent; .. . . life- 
boats and rocket apparatus for saving life from ship- 
wreck are established round our coasts; every wreck 
is made the subject of an investigation more or less 
stringent; ..... international rules have been 
made for preventing collision ; an international code 
of general signals has been established, as well as 
an international system of signals of distress ;” and 
80 on. 

In view of these facts we maintain we have a 
right to expect that the  geparowen.4 of registered 
tonnage lost each year in the present day should be 
far less than it was in each of the years 1833-34-35 
instead of being greater, as we have shown it ac- 
tually to be. It is also clear that with all the above- 
mentioned praiseworthy efforts to prevent loss at 
sea, and shipwreck, we Law left the main source of 
the evil untouched. 

It is obvious, then, that we must examine the 
matter closer than either the Quarterly Reviewer or 
Sir Charles Adderley has done if we would reconcile 
the fact that our merchant ships, taken asa whole, 
have not increased in safety, but rather diminished, 
within the last forty years, with the further fact 
that of recent years they have been gaining almost 
a monopoly in the best kinds of trades, in the 
carriage of fine goods and valuable cargoes all over 
the world. 

The solution is easily found, in the fact abun- 
dantly proved in former articles in these columns, 
that whilst a great part of our shipping is the best 
and safest in the world, among the remainder are 
very many of the very worst ; and taking an average 
of some thousands, as we have done, in former 
articles, the average losses among them are found 
to be at least ¢wice as high as they are in first-class 
ships; and the risks incurred by them, as measured 
by insurance rates, are at least three times as high, 
while in some instances they are as much as five or 
six times as high as in those well-kept ships which 
are justly said to add to England's glory abroad, 
and to ‘absorb the most valuable trades in the 
ports of foreign countries as well as in our own.” 





When men are found to pay out of the earnings 
of their ships from 15 to 20 per cent. per annum, 
and even higher rates, on their full value for the 
purpose of insurance, whereas the risk on good ships 
can be covered by an outlay of from 3 to 5 per cent., 
itis useless to preach about the percentage of loss 
on the whole shipping, good and bad put together, 
having gonea trifle upwards or downwards in the last 
40 years. And we should not have devoted so much 
space to exposing the misleading statistics of Sir 
Charles Adderley and the Quarterly Reviewer had it 
not been that they were likely to assume a pro- 
minence and carry a weight far beyond that due to 
them, even supposing them correct. 

The enormous growth of our mercantile fleet 
during the last 20 or 30 years has been due to a com- 
bination of circumstances entirely distinct from the 
proportion af losses during that period. The intro- 
duction of iron as a material for shipbuilding at a 
time when builders in this country were getting 
sorely pressed, owing to the increasing scarcity of 
British timber, restored to us our supremacy as ship- 
builders, and the introduction of steam as a means 
of propulsion gave us the enormous advantage which 
attended our vast coal supply. If we add to this 
the revision of the tonnage laws, and the effect of 
the American war, which occurring at a critical 
time in the development of steam shipping, threw 
the Atlantic trade almost entirely into our hands ; 
and remember that most of the Continental states 
have been harassed by wars which tended to check 
the development of their merchant navies, we see 
sufficient cause for the rapid development of recent 
years, But this can in no sense affect the question 
whether much of our shipping has not, in the 
mean time, been deplorably unsafe and unsea- 
worthy. 

In fact it will easily be seen that the two things 
are entirely distinct. The great enterprise and me- 
chanical genius of our maritime community have been 
shown, not in making old ships do work for which 
they were unsuited, but in pushing forward, seizing 
opportunities, and developing new types of ships 
suited to the new requirements of trade as they 
have arisen, This has led enterprising men to sell 
off whole fleets of wood ships and replace them by 
iron ones; to sell off sailing ships and embark 
their capital in steamers. 

In fact the very growth and development of our 
mercantile marine has led to large numbers of old 
ships being thrown on the market cheap, instead of 
being repaired, as they otherwise might have been. 
And to insist that those old vessels shall be kept in 
a seaworthy state, need not, and should not, interfere 
in the least with our maritime enterprise and great- 


ness. 

Mr. Plimsoll has steadily kept this point in view 
in calling for the compulsory survey of unclassed 
ships. The Government and its advisers have as 
steadily ignored it, They refuse to recognise the 
broad lines of demarcation which characterise the 
mercantile marine, on the importance of which 
we have frequently dwelt, and which, thanks to the 
indefatigable energy of Mr. Plimsoll, are matters now 
become well understood by the general public. Mr. 
Plimsoll urges that the nation should have some 
guarantee beyond the mere word of the owner, that 
every ship that sails the ocean under the British flag 
is seaworthy, And in this he is strongly supported 
both inside and outside the walls of Parliament. It 
is well known that classed ships do afford the 
country such a guarantee by their class, and Mr. 
Plimsoll, when he proposed that all unclassed ships 
should undergo a periodical Government survey, was 
aiming to do this in a simple manner. He now pro- 
poses instead, that all British ships should be re- 
quired to produce a certificate of seaworthiness from 
Lloyd’s Register Society, or the Liverpool Under- 
writers’ Registry, or any other public register society 
approved for the time being by the Government, and 
this proposal is an improvement on his former one. 

The Government Bill proposes instead to establish 
Courts of Survey for investigating matters of sea- 
worthiness all round our coasts, and to intrust these 
enormous powers to a number of Government 
officers that they can provisionally detain, and order 
a survey upon any British ship leaving our ports— 
whether she be good, bad, or indifferent, whether 
she holds the highest certificate of classification it 
is possible to obtain, or whether the lowest, or none 
at all. When a ship is stopped, an appeal is to be 
made to the Court of Survey. The judge of the 
court and assessors may then survey the ship, and 
may also order other surveyors tosurvey her. And 
only in the event of the owner being able to prove 
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‘‘ that there was. not reasonable and probable cause 
for the provisional detention’ of the ship,” will he 
have any claim for compensation. 

We cannot conceive any course more likely to 

tove harassing to shipowners than the one proposed. 
Wherever a doubt arises it is obvious the doubt 

ust be given in justification of the Government 
officer who stopped the ship, How often, for in- 
stance, do we hear of a man taken up by the police 
on some frivolous pretext being able to obtain 
redress? THe will be an exceptionally dull officer 
who, if he wishes to harass an owner, will be unable 
to excite some vague apprehension, and show some 
reasonable cause for a provisional detention, and he 
will be an exceptionally scrupulous one who, having 
once committed himself to stopping the ship, will 
not try his hardest to justify himself. The course 
proposed, if carried out, is bound to become a heavy 
tax upon shipowners, and also an expensive one to 
the country, and will lead to endless litigation and 
annoyance. It comes, in effect, to the alternative 
proposal of the Quarterly Reviewer, to vest absolute 
powers and discretion in one or more Government 
officers. For ourselves we confess to a feeling— 
we thought it was a peculiarly English feeling—of 
dislike to Government officers having absolute 
powers of interference with other person’s private 
property. We entirely disapprove of Government 
stepping in to do itself directly, what can be done 
better by public bodies —especially where public 
bodies have been doing most of the work, and doing 
it well for many years, and could easily undertake 
what remains to be done, and so relieve the Govern- 
ment of all trouble, expense, and responsibility ih 
the matter. 

What influence, let us ask, has the Government, 
or the Board of Trade as representative of the 
Government, exercised on the matériel of the mer- 
cantile marine during the last forty years, which em- 
braces the period of its greatest development, and 
also the great transition stages from wood to iron, 
and from sailing ships to steamers? The answer 
is, absolutely none, with the exception of some 
more or less captious interference in the matter of 
safety valves, boats, lights, signals, and a few minor 
details. 

During the whole of this same eventful and 
critical period, nearly the whole shipbuilding and 
repairing of the country has been under the control 
and influence of Lloyd’s Register of Shipping. And 
at the present moment it is not too much to say 
that nine-tenths of the ships building in the country 
are building to ‘‘Lloyd’s Rules” with a view to 
classification on Lloyd’s Register. 

And why is it that Lloyd’s Register Society has 
attained to such wonderful power and influence 
over the matériel of our merchant navy? It is be- 
cause it is controlled by representatives of all 
branches of the shipping community—by ship- 
owners, by underwriters, and by merchants—and 
these interests are so well fitted to form a check 
upon each other that the principle of ‘‘ self govern- 
ment” has been found to be convenient, efficient, 
and just, and to commend itself to the whole com- 
munity. 

This principle of voluntary registration is one of 
the most important and unique features in our mer- 
chant shipping, and is bound sooner or later to 
form the basis of any sound legislation for the con- 
trol of the matériel of the mercantile marine. When 
it commenced, which appears to have been about 
the middle of the last century, it started as a sepa- 
rate thing among underwriters for their own con- 
venience. Afterwards the shipowners, to coun- 
teract injurious tendencies in the underwriters’ 
‘“* Book,” started a Register of their own. But 
working separately neither of them gave satisfac- 
tion or attained great influence, It was only when, 
in 1834, after a few years of excitement and agita- 
tion against the abuses of the old register books, 
the shipowners, merchants, and underwriters were 
induced, in great measure by the admirable tact, 
influence, and ability of Mr. Thomas Chapman, 
F.R.S., to combine in establishing a united register, 
that the system was placed on a satisfactory and 
enduring basis. In this movement originated 
“* Lloyd's Register of British and Foreign Ship- 
ping,” and after a few years of hard struggling for 
existence—the aim was to make it self-supporting 
—it began to flourish, and it has gone on from 
year to year, still presided over by Mr. Chap- 
man, increasing its inflaence on the construction 
and maintenance of our mercantile marine, and re- 
priser fee and more the individual efforts of 
shipbuilders and shipowners by placing at their ser- 





vice the combined talent of its. extensive profes- 
sional staff. This system only fails to secure sea- 
worthiness when the owner chooses to give up 
classification, because it necessitates his repairing 
his ship, and this defect could be easily remedied by 
the Government simply requiring every vessel to 
produce a certificate from some such public body 
showing that she is seaworthy. 

It is unquestionably true that the broader the 
basis of Lloyd’s Register has become, the more it 
has been controlled by public opinion, and the more 
promptly it has had to move with the times, and adapt 
itself to the ever-varying circumstances of maritime 
trade, Anda further extension in the same direc- 
tion would more than anything else tend to correct 
any remaining faults that cling to its administra- 
tion. At any rate nothing could show more clearly 
than the history of Lloyd’s Register during the last 
forty years, that the mercantile community of this 
country are eminently capable of, and have a par- 
tiality for, that species of ‘‘ self government” which 
is accorded with advantage to so many other branches 
of our community. 

We are glad to find that in this view we are sup- 
ported by the powerful voice of Mr. W..S. Lindsay, 
who has been so long intimately associated with 
mercantile affairs and has studied them so deeply. 
We have before quoted from Mr. Lindsay’s admir- 
able ‘‘ History of Merchant Shipping” (which we 
purpose reviewing soon at some length), and it is 
with pleasure we again make the following further 
quotation from his volumes : 

‘* Seeing what our shipowners have already ac- 
complished, he (a responsible statesman) might to 
advantage afford them facilities for self-government. 
The means as I have shown, are already at his dis- 
posal. We have Lloyd's. Register with its large 
staff of competent surveyors ready to aid, at our 
disposal, as also a similar association in Liverpool. 
We have mercantile marine boards, elec by 
popular constituencies, at all the leading seaports in 
the kingdom, under whose supervision the shipping 
officers are now placed, as well as the examination 
of all masters and mates, Leave them as they are ; 
but, as I understand that these boards are not over- 
burdened by the duties now devolving on them, 
could not their duties in relation to the crews be 
extended and some arrangement be made whereby 
these different institutions, formed into one, two, 
or more central and district boards, might perform 
all the work of detail now required by Parliament ? 
By some such amalgamation everything the country 
requires could be done more economically and effi- 
ciently than at present.” 

As Mr. Lindsay truly says, there is ‘‘a wide and 
noble field in which the statesman might employ 
his pores and genius to great advantage, and earn 
for himself an imperishable name,” This, however, 
can never be done by a Bill like that of the Go- 
vernment, which ignores the machinery already in 
existence, leaves it to the discretion of individual 
surveyors to interfere with any ship, good and bad 
alike, and aims at little else than to foster litigation 
and multiply law courts throughout the country. 

It is from statesmanship of the order evinced by 
Mr. Forster in dealing with the subject of education, 
and by Lord Carnarvon in dealing with our colonies, 
that we can alone hope to have our Merchant Ship- 
ping Laws rendered satisfactory to the nation, and 
not by such statesmanship as of late years has unfor- 
tunately emanated from the Board of Trade to the 
annoyance and disappointment of the country, and 
to the despair of the mercantile community, 


“ WEIGHING” A BEAM OF LIGHT. 

On Friday last Professor Crookes, F.R.S., fulfilled 
a promise previously made and much discussed in 
scientific circles by ‘‘ weighing” a beam of light in 
the presence of a distinguished audience at the 
Royal Institution. ‘The general interest which the 
recent discoveries of Mr. Crookes have excited 
could not. haye been better testified than by the 
crowded state of the lecture room on this occasion, 
for the fog was so dense that coachmen had to 
descend from the box and grope their way to 
Albemarle - street by the aid of lanterns. This 
practical recognition of the exceptional importance 
of the evening’s work was especially pleasing to the 
friends of Professor Crookes, though probably a 
matter of indifference to himself, for it is but too 
notorious that the originality of some of his 








collateral researches has raised up a little band of 


detractors. Few scientific men have the courage of 


their convictions to the same extent as Mr, Crookes, 


who we have little doubt would join without hesita- 





tion in an incantation scene or dance round 
Macbeth’s cauldron, impervious to ridicule, if he 
had-reason to believe that ever so little territory 
migh’ thereby be won or reclaimed from the 
unknown land. Both at the commencement and 
the end of his address the lecturer very properly 
directed attention to the fact that the discovery of 
the remarkable phenomena submitted to the 
audience was due simply to his having followed 
upon the clue afforded by an apparently insignificant 
anomaly, We think there must have been an un- 
pleasant, though unintentional, sting in these words 
to some present, for there were amongst the listeners 
one or two science popularisers, pets of society, who 
had somewhat ostentatiously slighted the discoveries 
at first, but would now give their ears to be able to 
‘“stump the provinces” with the radiometer as a 
child of their own, and there were others present 
who had also taken little pains to keep out of Gold. 
smith’s category of ‘‘ fools who go to scoff.” 

Desiring to weigh some small quantities without 
the disturbances inseparable from the operation as 
ordinarily conducted, the lecturer stated that he 
made arrangements to do the weighing in a vacuum, 
but was surprised to find that he had apparently 
called into existence another set of turbing 
causes no less embarrassing than the former, since 
upon approaching a light to the exhausted vessel 
the action of gravitation appeared to be appre- 
ciably modified. Professor Crookes at once set to 
work to,determine the general conditions and in- 
tensity of this new force, and his investigations have 
culminated in the experiment performed on Friday 
evening last, when he weighed the pressure result- 
ing from the light of a standard’ candle 6 in. off, 
falling upon a surface in vacuo, 2 square inches in 
area. It was thought at first that the force to be 
measured must be inconceivably small, so a horizontal 
pendulum of extreme sensitiveness was constructed, 
so sensitive, in fact, that as Mr. Crookes gra- 
phically put it, by changing your position ina room 
you altered the centre of gravity of the whole house, 
and so threw out the readings of the instrument, 
The horizontal pendulum then was incapacitated 
from trop de ztle, but a suitable servant was found 
in the torsion balance, which as first, constructed 
consisted, we believe, of a flat bar or index of pith 
suspended by a cocoon fibre, When one-half of 
each face of the index was blacked on alternate 
sides of the vertical centre line, and the apparatus 
was placed in the light, rotation commenced and 
continued until the torsion of the fibre caused a 
retrograde movement. From this movement to con- 
tinuous rotation was only a step, but it was a step 
which placed the world in possession of the now 
famed *‘ radiometer” of Professor Crookes, 

In its simplest form the radiometer consists of 
two cross-arms carrying at their extremities four 

ith discs blackened on one side, delicately 
Falatined on a vertical pivot, and enclosed in a glass 
vessel exhausted to as perfect a vacuum £8 can be 
obtained by any known means, At the lecture on 
Friday the rotation of an instrument having alter- 
nate circular and star-shaped pith discs was very 
effectively shown by projection on a screen. When 
the heat rays of the electric light were cut off b 
the interposition of an alum solution, rotation still 
continued, but at a decreased velocity. Experi- 
ments have been made by Mr. Crookes to ascer- 
tain the relative influences of the different coloured 
rays of the BE yee upon the rotation of the 
radiometer, and a diagram of the results was ex- 
hibited. It was found that the ultra-red rays were the 
most powerful of all—a not altogether surprising re- 
sult when it is remembered that the emission of heat 
from those invisible rays is nearly eight times the 
entire luminous emission. Numerically expressed the 
dynamic force of the ultra-red rays being 100, that 
of the violet rays is 5 only, and it would ‘appear 
that the experimenter considers the dynamic force 
of the rays to be simply proportional to the revolu- 
tions of the radiometer, although it would have ap- 
peared more probable that at least an appreciable 

ortion of the resistance of the instrument would 
have increased as the square of the velocity, 

The relatively small effect of the interposition 
of coloured glass on the speed of rotation was well 
shown by a radiometer having a mirror at its centre, 
which caused a dot of light to describe a circle on 
the ceiling of the theatre. At first it was thought 
that great lightness of construction was essential, 
but here we have a radiometer carrying a mirror, 
and if 4 mirror why not a magnet? Such was the 
reasoning ‘which led the pro r to thé construc- 
tion of the instrument, which with good grounds’ he 
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suggests should, for the future, be used in all ob- 
servatories to record the amount of light enjoyed 
by the surrounding country throughout the year. 
To obtain power the number of pith discs is aug- 
mented, and each revolution of the radiometer, 
placed though it may be on the top of a mountain or 
other out-of-the-way , is recorded by a Morse 
instrument stationed in the observatory, through 
the cy of a magnetic arm of the radiometer and 

little magnetic needle outside the glass vacuum 
chamber, which needle bows to the arm as it passes 
and so establishes and breaks contact. 

Another practical application of the discovery 
au, by the lecturer is an instrument to test 
the illuminating power of gas. A “standard” 
candle Mr. Crookes has found to be one of the most 
varying standards in existence, the light from it 
hardly remaining constant for a single minute, and 
he would therefore, in order to secure uniformity, 
shift the position of the candle nearer to or further 
from his radiometer until the dot of light from 
the little mirror fell upon a given Dona of the 
scale. Opposing to this candle e gaslight 
to be tested and adjusting it in like manner until 
the dot returns to zero, the illuminating power 
of the gas in true “‘ standard” candles would be at 
once deducible by squaring the distances. For it 
is shown experimentally that one candle at 12 in. 
exactly balances two candles at 17 in., the square of 
the latter distance being double that of the former, 

The concluding experiment was weighing the 
pressure of a beam of light from a standard candle 
6 in. distant upon an area of 2 square inches. As 
the correctness of the result was dependent upon 
the perfect elasticity of a fibre of glass, the pro- 
perties of the material in this oy and as regards 
strength were first demonstrated by twisting a fibre 
completely round 20 times, and by loading another 
fibre with lead weights amounting in all to-nearly a 
thousand grains. 

The apparatus used for weighing the beam con- 
sisted of an exhausted glass chamber in the form of 
a horizontal cross with arms of circular cross section. 
Inside the longer arm was a glass fibre maintained 
in a uniform state of tension by a spiral spring at 
one end and by a glass stopper at the other end, 
which stopper was capable of rotation, being lubri- 
cated with an air-tight preparation of melted india- 
rubber. The shorterarm of the cross containedinlike 
manner a stouter fibre or beam of glass secured at the 
point of crossing to the longitudinal or torsion fibre, 
and having at one extremity the pith surface of 2 
square inches area and at the other end a little cup. 
Inside the chamber there was a loose particle of 
iron weighing the one-hundredth of a grain, and 
outside the stopper was a counter to record the 
number of turns given at any time to the torsion 
fibre. The mode of procedure was as follows: The 
position of the dot of light from the little mirror 
placed at the intersection of the two glass fibres— 
or, in other words, the zero of the instrument, was 
first noted, and the grain of iron was then lifted up 
by a magnet and deposited in the cup at the end of 
the crossbeam, causing the latter to descend at once 
Torsion was then applied to the glass fibre until 
the beam lifted and the dot of light returned to 
zero. On the occasion of the lecture the precise 
amount of torsion required was 10,021 deg. 
or rather more than 28 turns. The weight and 
torsion were then removed, and the ray of light 
allowed to fall on the disc, which caused in like 
manner a depression of the glass beam, to recover 
which 1628 deg. of torsion had te be applied to the 
fibre. We have now this rule-of-three sum: As 
10,021 deg. : .01 grain :: 1628 : .00162 grain, 
the pressure of the light falling upon the surface of 
2 square inches. 

In a more deliberately conducted laboratory ex- 

ent, the ay oan was found to be .001772, which 

iffers but little from the above result, and is equal 
to about one-eighth of a grain (.128) on the square 
foot. Since the candle was 6 in. distant,,the sphere 
of which the 2 square inches may be considered a 
portion, was 1 ft. in diameter, hence the total pres- 
sure radiated by the candie must have been .128 r= 


-402 grains. In order to convey a notion of the 
force to his audience the lecturer assumed that 

sunlight is equivalent to 1000 candles at 
12 in, distance, from whence it followed that the 


pressure per square foot upon the earth from the sun’s 
radiation would be 1000 x .198+2*=32 grains, or, 
say, 57 tons per square mile. This is an enormous 
statical force, and it is of the moment that 
its dynamical equivalent should be approximated to 
in an equally accurate manner, 





The first question suggesting itself to an engi- 
neer is how far this ascertained statical pressure of 
32 grains per square foot would be maintained upon 
a body retreating before a A of light? It might 
be assumed at first that the velocity of light being so 
inconceivably great that of the retreating body 
would, within any practical limits, be as nothing in 
the scale, and that as a consequence the pressure 
upon the pith disc would remain constant. This 
can hardly be so, or we should be in the presence of 
a new force of unprecedented magnitude. Captain 
Ericsson has found from numerous observations in 
latitudes between the equator and 45 deg., that the 
average value of the ies heat of the sun during 
nine hours of each day is equivalent to 3.5 units of 
heat per square foot per minute, or, say, 45 foot- 
pounds, or 315,000 foot-grains per second. Dividing 
the latter by Mr, Crookes's 32 grains we obtain in 
round numbers a velocity of 10,000 ft. per second, 
that is to say if the pressure of sunlight is the same 
upon a body at rest as upon a body retreating before 
the ray at the speed of 10,000 ft. persecond, or but 
ioaoooth of the velocity of light, the dynamical force 
developed would be equal to the whole potential 
energy of the sun’s radiant heat as measured by 
Captain Ericsson. Further: the efficiency of 
Ericsson’s caloric engine being about .10, it follows 
that were the 32 grain pressure maintained even up 
to 1000 ft. per second, or one-millionth of the 
velocity of light, the proportion of heat—or light, or 
whatever name is given to the mysterious source of 
power which Mr. Crookes sometimes prefers to term 
a ‘* function of the refrangibility’—converted into 
power would be the same in the radiometer as in 
Ericsson's engine. Speculation in such matters is 
useless, experiment alonecan solve themany problems 
which arise. It will be — interesting to determine 
the actual units of work done in turning the radio- 
meter at different rates of speed, and this may of 
course be readily done by noting the time absorbed 
by the instrument in coming to a state of rest, if 
the light be wholly withdrawn, or to a state of uni- 
form motion if partially withdrawn. It will be no 
less interesting, bearing in mind the question raised 
at the beginning of this paragraph, to com the 
weight of radiated light from the sun at different 
times of the day and year in order to ascertain if 
the proper motion of the earth’s surface at all affects 
the pressure. 

Referring for a moment to the candle experiment, 
we know that the total heat of combustion of a 
standard candle is about 5.5 units per minute, and 
Ericsson tells us that a square foot of sunlight is 
equal to 3.5 units. Mr. Crookes again estimates 
sunlight to be equal to 250 candles at 6 in. distance, 
whereas if each unit of the candle heat were equal 
to a unit of heat from the sun, but two candles 


would be required, since 2:5 = 9, The inference 


apparently is that of the total heat of combustion 
of the candle less than one.per cent. is radiant heat 
or light of which the radiometer takes cognisance. 
Doubtless Professor Crookes, notwithstanding 
his other laborious duties, will continue these re- 
searches in the field which he has made so peculiarly 
his own, and we may therefore look from time to 
time for further suggestive results in the pages of 
the Quarterly Journal of Science, which he edits. 





THE BREMERHAVEN EXPLOSION. 

Ever since the fatal explosion on the 11th of 
December last at Bremerhaven, all sorts of con- 
jectures have been hazarded and all kinds of theories 
advanced in the numerous attempts to account for 
that catastrophe. Nitro-glycerine, lithofracteur, 
and dynamite have in turn been assumed to have 
been the immediate cause of the yn havoc, 
the intense energy of one or other of them having 
been accidentally developed by mechanical agency. 
It is unnecessary to travel over all the hypotheses 
that have been advanced, but it may not be unin- 
teresting to summarise the facts of the case as they 
are now presented to us by a very lengthy report 
of the investigations by the Bremen magistrates 
which has recently been published. This report is 
stated to be the first of several which are to be issued, 
but as it contains most, if not all, of the informa- 
tion likely ever to be obtained respecting the cause 
of the disaster, we propose to deal with it as it stands. 
It contains a clear and succinct statement of the 
movements and —- of the miscreant Thomas 
for some time previo to the Bremerhaven catas- 
trophe. Passing by the incidents of his life for 


eight years prior to 1873, we find that not until that 
year is the first trace of criminal intent with regard 
to the destruction of ships at sea discoverable. 
Early in that year Thomas, who was then living at 
Leipsic, applied to Herr Martin, a clockmaker of 
that city, to make him a noiseless clock that should 
run eight or ten days and then lift a hammer to 
strike a single blow. Herr Martin did not take the 
order but referred Thomas to Herr Fuchs, a clock- 
maker at Bernberg, who subsequently had an inter- 
view with Thomas in Leipsic. however, Thomas 
could not express himself very clearly in the Ger- 
man language, and as he refused to state the object 
of the machine, Herr Fuchs also declined the order. 

Thomas next appears in Vienna at the shop of 
Herr Rind, another clockmaker, to whom he gave 
the name of Wiskof. There he ordered a train of 
clockwork which twelve daysafter having been wound 
up should lift a lever and propel a spring. The 
clockwork was satisfactorily completed in December, 
1874, not, however, until three springs, each 
stronger than the previous one, had been fitted in 
the apparatus in succession. This clock, however, 
_ too feeble for its intended purpose, and in 

rch, 1875, Thomas visited Herr Fuchs at Bern- 
berg, and showing him the Vienna clock told him he 
required one sufficiently powerful to deliver a blow 
with a force of 301b. By this time he was able to 
— himself tolerably well in German, and he 
told Herr Fuchs that he required the mechanism 
for his Russian silk factories, and that if the one 
ordered proved satisfactory 20 more would be 
required. The mechanism was delivered to Thomas 
at Leipsic by Fuchs on the 20th April, 1875, and 
was then tested and paid for. The model from 
which Fuchs worked was retained by him, and it 
Po pee to be a copy of that made by Rind and not 
the original machine. 

There can be no doubt that the explosive 
material employed was lithofracteur, as on De- 
cember 21, 1874, Thomas called on Messrs. Krebs 
Brothers and Co,—the manufacturers of that 
compound—in Cologne, and afterwards went with 
them to their works in Kalk on the opposite side of 
the Rhine. He went by the name of Garcie, of 
Kingston, Jamaica, and ordered a quantity of litho- 
fracteur for blasting quartz rock over there, for 
which purpose he stated Nobel’s dynamite had not 

roved sufficiently strong. On March 19, 1875, 

arcie went — to Kalk and received 700 lb. of 
lithofracteur from Messrs. Krebs, taking it away 
with him—he said—to England. It would seem 
that the explosive was conveyed to Leipsic, where 
Thomas rented a storehouse in the courtyard of the 
Hétel de Pologne, and in which the contents of 
certain boxes were transferred to a kind of barrel 
which was coopered down by a workman under 
Thomas’s superintendence. In June, 1875, this 
barrel, which was very much like a chest, was 
despatched to New York from Bremerhaven per 
steamer Rhine, Thomas effecting an insurance with 
Messrs. Baring Brothers for 9000/. Thomas went 
to New York on the 10th June per steamer 
Republic, and on his arrival there found the Rhine 
with his box safe on board. It would seem that 
happily the design failed, for the chest was entered 
for re-exportation. Thomas returned to England 
in the Republic under another alias, arriving in 
Dresden early in August. On the 3rd of that 
month and again on the 30th of September he re- 
visited Messrs, Kreb’s works as Garcie, purchasing 
551b. of lithofracteur, some detonators, fuse, and 
some waterproof bags, taking the goods away with 
him as before. 

In the meantime he had had twoiron chests made 
in Dresden and fitted into wooden cases, also four 
tin boxes 5 in. square fitting intoeach other. Early 
in October Thomas arrived in London and shortly 
afterwards proceeded to Liverpool. There he twice 
endeavoured to insure two chests of specie, but as 
he would not open the chests to show their con- 
tents the insurance was not effected, He then took 
a passage on board the Celtic for New York, taking 
his chests with him, and on arrival out there he ap- 
pears to have had the chest, which he left in bond 
on the previous voyage, sent back to Leipsic. In 
two days from his arrival he left New York in the 
Hamburgh steamer Frisia ; the Leipsic chest arrived 
at Bremerhaven, on November 1], and was sent to 
Bremen and there stowed away at the Weser Rail- 
way Station. On November 23, 1875, Thomas went 
to eeusethonen, where he thought to have found 
the chest. He took premises near the harbour for 
the stated purpose of re-packing a barrel, but find- 





ing his chest had gone to Bremen he followed it, 
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arriving there on November 24. He then wrote to 
Messrs, Krebs for some more safety fuse, and ob- 
tained the chest from the Weser Railway Station, 
taking it to an empty stable which he rented, and 
where the contents were transferred to a barrel. 

On the 27th of November he took a clockwork 
arrangement, minus the striking hammer, to Herr 
Bruns, a clockmaker, for repair. This was similarly 
constructed to that made by Herr Fuchs, and may 
possibly have been the same apparatus. It was ina 
defective condition, to which circumstance the safety 
of the Rhine and her passengers was probably 
due. It was however set right by Herr Bruns and 
handed back to Thomas, Bruns had wound it up, 
of which Thomas complained, as having been done 
without orders, and asked how many days it would 
run, Onjthe 6th December the re-packing was 
completed and the barrel closed, and on the 11th it 
was sent to Bremerhaven for shipment to New York 
by the Mosel. The contents were stated to be 
caviare, and it was insured for 150/., aad this was 
the barrel which ultimately exploded, It is stated 
that the barrel, which on account of its weight and 
<< had attracted attention, was seen to slip out 
of the porter’s hands on to the ground when being 
removed from the railway van for shipment. At 
that moment it exploded—doubtless owing to the 
shock to the clockwork—and caused the deaths of 
more than a hundred persons. 

The chest taken from the Weser Railway station 
was found to contain pasteboard and loose paper. 
The chest was identified as the one prepared in the 
courtyard of the Hétel de Pologne, and the con- 
tents were identified by Messrs. bs as materials 
used by them in packing and wrapping lithofracteur. 
A careful examination of the pieces of pasteboard 
disclosed a small spot of some dark coloured sub- 
stance, which proved on chemical examination to be 
lithofracteur. Thus, after a voyage to New York 
and back, this material was the means of effecting 
one of the most fatal accidents of its kind on record, 
and thus, in spite of all the care, anxiety, toils, 
trouble, and cost expended in devising it, was pre- 
vented the consummation of one of the most 
dastardly outrages ever conceived. So far as has 
yet been ascertained, Thomas had no confederate, 
nor has it yet been discovered that he had arranged 
for the shipment of other goods on board the Mosel, 
although it appears strange that so very much 
trouble was taken and so great a risk run for so 
small a sum as 150/.—a sum which would bear but 
a very small proportion to the outlay involved. 
The investigations, however, are not yet concluded, 
and it is possible that further disclosures may be 
made in this respect. At any rate sufficient has been 
ascertained to clearly elucidate one of the most 
cunningly and laboriously devised atrocities known 
to modern times. 








ProGress or Vicror1a.—In 1836, Englishmen, Scotch- 
men, and Irishmen began to colonise the district of Australia, 
now known as the colony of Victoria. At the close of 
September, 1875, the population of Victoria was officially 
computed at 819,453. 








TELEGRAPHS. 

WE are glad to see that the Anglo-American 
Company are beginning to see that their cables can- 
not last for ever, and have, therefore, determined 
to create a renewal fund at the rate of 100,000/. per 
annum, They also state that the attempt to repair 
the 1865 cable in their repairing ship the Minia will 
be made this year. This at once howe that they 
now think it possible to repair the cable with a ship 
of only 2000 tons, although they were persuaded 
that no ship but the Great Eastern could repair it, 
and thus expended 70,000/. three years ago. It 
seems astonishing that the years 1874 and 1875 
should be allowed to pass without any attempt at 
repairs. ‘The chances of success must be much 
diminished by the time that has elapsed since the 
cable first failed three years ago. 

The Direct Spanish Cable was announced as 
broken on the 4th instant. The rupture is near 
Santander. This cable originally started from 
Bilbao, but during the siege of that town in 1874 
the cable was diverted by the company to San- 
tander. It was cut at sea about 7 miles off 
Bilbao, and a cable run from Santander alon 
the coast to the place where the line was cut oon 
there spliced on to the leading to England. 
This portion of cable, about 30 miles, lying parallel 
to the coast in shallow water, and being only deep- 
sea cable, except a short portion of shore end near 
Santander, will be always liable to interruptions, 
this being the second since it was laid. For cables to 
last when running parallel to the coast, they require 
to be of very substantial proportions. Of course 
this deviation could only be considered as a kind of 
temporary work. As soon as the Carlist War is 
over we presume the cable will again be diverted to 
Bilbao by splicing up the original cable. Possibly 
the deviation cable may also be run into Bilbao by 
an additional length of cable, so as to give the com- 
pany a line between Santander and Bilbao, but as 
it is only a deep-sea line it would not last very long. 

The Spanish Government last year had cables 
laid by Mr. Hurley from Santander to Bilbao and 
from thence to St. Sebastian. ‘Thus there are three 
shore ends at present in Bilbao Bay. If the devi- 
ation cable is carried in also this will make a fourth. 
The bay is very narrow and there is much anchorage 
to keep clear of, while it is necessary to lead all the 
cables on one side of the bay. It seems very doubt- 
ful whether all these shore ends can be kept clear 
of one another, and if one ever has to be repaired 
the chances are that the others might be hooked or 
damaged when dredging. It is decided bad en- 
gineering to take four shore ends into so narrow 
a span. The Spanish Government are responsible 
for taking the second and third cables there. We 
notice that a Mr. Steenackers has been appointed 
by the Brazilian Government to put all the tele- 
graphs in Brazil in order. Surely this cannot be 
the gentleman of that name who, as Minister of Tele- 
graphs under the Government of National Defence 
in France, received a commission of 8000/.—accord- 
ing to evidence given in the case of Aspinall versus 
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the India-Rubber, Gutta-Percha, and Telegraph 
Works Company—on the price of 88,000/. for a tele- 
graph cable to be laid from Bordeaux to Dunkerque 
or war pespenes during the war, thus drawing on the 
finances of his country at a time when his country- 
men were bleeding by thousands in the field. At 
the trial one of the council called it a douceur. 
‘¢ Bribe” said Baron Bramwell. ‘‘ Itis a good Anglo- 
Saxon word.” The last we heard of this worthy 
gentleman was that he had left his country and re- 
tired to Lisbon, and it appears almost improbable 
that it is the same person of whom we hear from 
Brazil. We cannot conceive what Brazil could want 
with his services. Dr. Capanimu, the present di- 
rector, is an able and scientific gentleman, and all 
the aid we should think he requires would be a few 
engineers practically acquainted with modern work 
and not addicted to receiving heavy commissions, 





THE LATE MR, BENJAMIN CONNER. 

DovustLess many of our readers, especially those who are 
connected with the business of locomotive engineering, 
will learn with very great regret the announcement which 
we briefly made last week of the death of Mr. Benjamin 
Conner, the gentleman who was so long and so intimately 
connected with the fortunes of the Caledonian Railway 
Company as the locomotive superintendent over their 
now very extensive system. The sad event occurred on 
Thursday, the 8rd inst., at his residence, Hampton Court- 
terrace, Garnethill, Glasgow, and was not preceded by ill- 
ness of any serious importance. Mr. Conner was at his 
business as usual at the St. Rollox Railway workshops on 
the preceding day, and on the morning of Thursday he 
wrote several letters and sent them by messenger to the 
offices of the Caledonian Railway Company, making 
arrangements fora short absence at the Bridge of Allan, to 
enable him to recover from a feeling of languor with which 
he had been affected. Soon afterwards he showed signs of 
a somewhat alarming character, and within an hour or so 
he died from the effects of an attack of apoplexy, the pre- 
monitory symptoms of which seem to have been showin 
themselves for several days previously. 

Mr. Conner, who was in his sixty-third year at his 
death, was intimately associated with the development 
of locomotive engineering in Scotland. He served 
his apprenticeship with Mr. James Gray, of Washington- 
street, a gentleman well known in mechanical engineering 
in Glasgow forty or fifty years ago. Mr. Conner’s first 
connexion with locomotive engineering was in the famous 
Hill-street engine works of Messrs. Murdoch, Aitken, and 
Co. He afterwards worked with another well-known firm, 
Messrs. Stark and Fulton; subsequently with the late Mr. 
John M. Rowan, East Milton-street, and with other firms, 
Mr. Conner also spent some time in the best engine works 
in the Liverpool and Manchester districts. 

Returning to Scotland, he became connected with Mr. 
W. M. Neilson, who had then established himself as a 
builder of locomotives in Hyde Park-street ; and he remained 
in the service of that gentlemen as under-manager and 
manager for a period of about ten years. During his early 
manhood Mr. Conner had a very close relationship with the 
early history of locomotive engineering. He spent some 
time in Mr. Robert Napier’s works at Lancefield, and thus 
became well acquainted with marine engineering. He also 
took a voyage or two to Spain asa marine engineer ; and 
for two or three years he was manager for Messrs. Smith 
and Rodger, whose business has since been transformed into 
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that of the London and Glasgow Shipbuilding and En- 
gineering Company (Limited). From that position Mr. 
Conner transferred his professional services to the Caledonian 
Railway Company, becoming the locomotive superintendent 
of that line. As much might be said of the personal cha- 
racter as of the professional abilities of the late Mr. Conner 
By his directors and colleagues in the management of the 
railway he was greatly esteemed ; and the esteem in which 


he was held by the employés under him may be judged of 


by the fact that several hundreds of them attended the con- 
veyance of his remains to their last resting-place. 

Almost from its formation, Mr. Conner was a member of 
Council of the Institution of Engineers and Shipbuil Jers 
in Scotland, and for many years he was devotedly attached 
to the Glasgow Mechanics’ Institution as one of its managing 


body. 








PNEUMATIC DREDGING PLANT. 

A MARKED improvement upon the ordinary system of dis- 
charging some kinds of dredged material has been effected 
by Mr. F. E. Duckham, the engineer of the Millwall Docks, 
by means of whose pneumatic system a saving of about 70 
per cent. appears to be effected as against the ordinary 
methed of disposal. A iderable amount of dredging is 
constantly going on in the Millwall Docks, the dredged ma- 
terial being discharged on land adjoining the docks. With 
the ordinary system here, as in other places, the dredged 
stuff is, or rather was, landed by steam cranes and skips 
necessitating the maintenance of an expensive staff on shore 
with cranes and stagings, and with all this paraphernalia 
an average rate of discharge of only about 50 cubic yards 
per hour has been attainable. A greatly increased rate of 
delivery is accomplished with Mr. Duckham’s dredger at a 
greatly decreased cost, as will presently be seen. 

This dredger has been constructed for the Millwall Dock 
Company by Messrs. Rait and Lindsay, of Glasgow, from 
designs by Mr. Harrington under Mr. Duckham’s patent. 
In external appearance the hull resembles that of a screw 
steamer of about 300 tons burden; the heavy timber 
framing on deck, however, shows her to be something more. 
She is 113 ft. leng, 27 ft. beam, 12 ft. in depth under the 
deck, and draws 8 ft. of water when loaded. The dredging 
apparatus proper consists of a series of buckets of much 
larger size than ordinary, and mounted on a ladder in 
the usual.way. The ladder is placed inboard, being carried 
on the substantial timber framing or gantry already re- 
ferred to, and working in a well or opening formed in the 
centre of the vessel and running fore and aft for a con- 
siderable portion of her length. The ladder can be tra- 
versed forward and dredging can be carried on in a corner 
in advance of the vessel herself if necessary. Along each 
side of the well are iron tanks 50 ft. long, 9 ft. 6 in. in dia- 
meter, and having a total capacity of 240 cubic yards. Under 
the top of the ladder is a hopper into which the dredged 
stuff is tipped, and from whence it passes through a breeches- 
piece into each of the tanks. Over the mouth of the hopper 
is an iron grid with an 18-in. mesh, by means of which logs 
of wood, lumps of coal, and the like, which are occasionally 
brought up, are intercepted and thus prevented from enter- 
ing and possibly choking the exit pipe. Connected with 
the bottom of each tank at the stern end is another 
breeches-piece rising upwards and opening into an iron dis- 
charging tube 15 in. in diameter, which is carried over the 
deck either to the side or to the stern of the vessel as most 
convenient for discharging. 

The dredger is fitted with compound engines of 25 horse 
power with overhead cylinders, the low-pressure cylinder 
being 30 in. in diameter, and the high-pressure 15 in. with 
a 15-in. stroke. Steam is supplied from two high-pressure 
boilers placed one on either side of the vessel. On the 
framing of the engine is mounted the air cylinder which is 
20 in. in diameter, and is water jacketted, the water being 
passed through the jacket by the circulating pump when 
the air-cylinder is at work. This cylinder is calculated to 
work up to a pressure of 60 Ib., and 25 1b. has been reached, 
but 10 Ib. is the ordinary working pressure, The air is 
forced into the tanks at the bottom through four inlets 
opening into each of them and grouped so that two or more 
may be used at any one time. In the first instance Mr. 
Duckbam led the air into the top of the spoil, but it was 
found that only a portion was driven oyt, a quantity being 
left in the bottom of the tank in the form of a solid bank. 
By leading the air under the spoil itis kept in constant and 
violent motion, and nearly the whole charge is expelled. 
The vessel is propelled by a three-bladed screw, and the 
engines can be disconnected for driving either the air- 
cylinder or the dredging apparatus as may be required. On 
the deck are three powerful winches having a neat arrange- 
ment of worm gearing, se that brakes are unmecessary. 
One of these winches is placed in the bows, and is used for 
raising or lowering the bucket ladder, the other two are 
placed a short distance from the bows, and are used for 
varying the position of the vessel while dredging. 

Such, generally, is the pneumatic dredger, the successful 
working of which in the Millwall Dock was recently 
witnessed by a party of engineers and other gentlemen 
interested in the question. As the tanks occupy about three 
hours in filling, they were partially charged before the 
arrival of the visitors, but the tilling was completed in their 
presence. After that the apertures in the tanks, through 
which the spoil was received, were closed by air-tight doors. 





extent the small coal demand for the iron manufacture. 
Coal mining is stilla remunerative investmemt, andin several 
mines extensions on a large scale are being carried out, while 


distance of about 150 yards. The iron main on board 
dredger was connected with the shore main by aleather hose, 
and the air pump was started working at an average speed 


8 Ib. and 9 lb. 
air-pumps the contents of the tanks were discharged, at the 
rate of 10 cubic yards per minute, or 600 cubic yards per 
hour. Although the tanks contain 240 cubic yards of spoil 
they are not quite emptied, about 20 yards always being 
left clinging to the sides. An inspection of the delivery 
end of the land main showed that the spoil was coming 
away with a good flow and velocity, large lumps of stone 
and other solid débris being discharged with it. 

The dredger has undoubtedly proved herself to be a me- 
chanical success, and in no less degree a commercial one, a8 
we shall next proceed to show. The ascertained weekly 
cost of working for several months past is as follows : 








£2 & 8. 
Captain per week 2 10 
Mate eae 1 16 
1st engineer mm 2 10 
2nd engineer a 1 15 
2 stokers and 4 16 
2 deckmen ee 
—— 13 7 
Coals, 3 tons 2 3 0 
Stores ie en ‘ai 0 10 
Maintenance, 5 per cent. per annum 
on first cost 10,0002., per week 10 0 
£26 17 


This amount divided by ten freights of 220 cubic yards 
per week = 2200 yards = 2.9d. per yard, or, say, in round 
numbers 3d. per yard. The best proof of the economy of the 
new over the old system is afforded by the company’s 
books, which show that last year the quantity dredged was 
112,000 cubic’ yards, the cost being 5253/., or within a 
fraction of 11d. per cubic yard. These figures speak for 
themselves, and show a remarkable saving, if even the cost 
under the new system should be increased by any slight un- 
foreseen contingency. 

Of course the system is applicable to the discharge of 
spoil out at sea as well as on the shore. and with this ad- 
vantage that there will not be the 30 per cent. or so of water 
usually present in hopper barges when assumed te be empty. 








GERMAN IRON AND MINING INDUSTRIES. 
Report from the Engineering Offices of FRANZ ~ 
BirTTa@EnBacu, Diisseldorf. 
Diisseldorf, February 7, 1876. 

Our iron industry is still in a very low condition, there 
being but a limited demand even for spiegeleisen, for which 
a few months ago there was a fair sale. Some few estab- 
lishments are still keeping their furnaces going, but it is 
not a remunerative matter. From all sides we hear com- 
plaints, which, however, may, in some cases, be exaggerated. 
One great difficulty is, that our ironmasters cannot appre- 
hend that the favourable years have passed, and that a 
time has arrived when satisfactory results can only be ob- 
tained by great exertions. Based on such a sound founda- 
tion as our iron industry is, however, the time mu:t come 
again when the iron trade will be a paying one. 

The high railway tariffs influence the ironmakers very 
considerably, many works having to transport their ore 
aud coals for long distances; it will thus easily be 
understood that the cost price of the iron is considerably 
higher here than in many of the Engish iron works which 
are situated within the iron and coal districts. The price 
for labour has lately been reduced, which, of course, is very 
beneficial for the ironmasters. 

Of the very low state of affairs in general some recently 
accepted contracts give a very good proof, contractors now 
going to the opposite extreme in prices, as compared with 
those which were so unreasonably asked in 1872 and 1873. 
At this time of keen competition, specifications are circu- 
lated which, if strictly enforced, it would be impossible to 
execute, and yet some manufacturers can be found to 
accept them. A few examples will support this statement : 
for instance, cast-iron pipes for water works, guaranteed for 
40 atmospheres pressure, from 12 in. to 48in. bore, 18 ft. 
long, coated with tar inside and outside, those weighing 5 
per cent. below standard to be rejected, and those weighing 
5 per cent. above not to be paid for, the ends and sockets 
to be cast so that steel ring gauges exactly fit between 
them, are offered at 123s. per ton, including joint pieces and 
connexions. 

Axles for covered goods wagons of Bessemer steel and to 
carry 10 tons are supplied at 260s. per pair; cast-steel 
springs for goods wagons at 320s. per ton; angle iron of 
unequal sizes at 150s. per ton, and rolled iron bar from ? in. 
to 2 in. round, square, or flat at 128s. per ton. These are 
prices which are quite unprecedented here, especially con- 
sidering the conditions for delivery and payment. The pi 
iron trade is exceedingly depressed, and from several dis- 
tricts we receive notice of the closing of works. The coal 
trade, however, remains brisk, the coal-consuming districts 
being considerably extended towards the north through 
better railway connexions, and this counterbalances to some 


Railway:and the East Ferry-road to a field in the rear,a 
the | sary, otherwise as soon as the iron industry improves, we 


of 150 strokes per minute, and with a préssure of between 
In 22 minutes from the time of starting the 


tions are now slightly lower t 


mittee for receivi 
September next, 


a much larger quantity of coal, which is really very neces- 
shall run short of coal immediately. 





ABBOT’S RIPTON COLLISIONS. 
To THe Epiror or ENGINEERING. 

Srr,—There can be no doubt to the thinking mind that 
the collisions at Abbot’s Ripton were caused by want of 
sufficient brake power, as clearly stated in your leader in 
yesterday’s paper. It is true that the defect caused by 
the snowbound signals first caused the coal train to run 
past Holme, which it would not have done had the driver 
seen a red light exposed against his progress, and that 
consequently the shunting of the coal train at Abbot’s 
Ripton in insufficient time to allow the up express to pass 
resulted in collision No.1; but it is indisputable that had 
the up express been provided with more brake power it 
would not have collided with the coal train, and so the acci- 
dent would have been averted, and the same may be said 
of the second collision. 

_ From the comparatively slight results of the first col-" 
lision it is evident that the up express was not running at 
a high speed, and that the driver had, after seeing the.ob- 
struction against him, succeeded in very materially lessening 
his speed. It also appears in evidence that when the 
engine of the coal train was running to Huntingdon for 
assistance, it ed the down ress then running at 
only twenty miles per hour and reducing its speed by all 
the means available. 

In your leader you suggest continuous brakes, and in this 
point alone I differ from pe opinion. Continuous brakes 
if extensively adopted and applied in extreme cases like the 
circumstances at Abbot’s ‘Ripton, fare liable to break the 
coupling chains between tender and train, whereby the 
accident at Kirklington, on Christmas Eve, 1874, was 
caused. I should recommend rather the application of in- 
creased brake power to the engines and tenders, for it 
seems more reasonable to me that the momentum of such 
heavy weights as engine and tender when travelling at 
— i, high velocity should be more immediately con- 

ro. ° 
I took part in an experimental trip on 27th December 
last upon an empty engine, No. 892, on the Midland Rail- 
way between here and Ilkley, in orderto try the effect of.a 
steam brake upon both engine and tender, and the result 
was that, although speed was got up as high as the engine 
would run, even down the incline from Guisely, the engine 
was brought to a standstill in about 400 yards after the first 
application of the brake ; the operation of the brake being 
ected by merely turning steam on through a half-inch cock 
close to the driver’s hand. I have not the slightest doubt 
that if a similar apparatus had been applied to either of 
the two passenger engines at Abbot’s Ripton, the accident 
would not have occurred or even been imagined. 

I would recommend that engines be licensed to travel at 
certain speeds when they have been proved on trial to stop 
within certain prescribed distances at those speeds, and treat 
all other rolling stock per se in the same way. 
Yours truly, 

JOHN BARBER. 
14, Park Row, Leeds, Feb. 12, 1876. 
[We must differ from Mr. Barber as re s the liability 
of continuous brakes to break couplings. No doubt couplings 
have been broken by continuous brakes in some instances ; 
but this can be readily avoided by the adoption of a proper 
arrangement, while, moreover, in the case of the Westing- 
house automatic brake, the — of the train, even |if it 
did occur—which is very improbable—would only result in 
the stopping of both portions.—Ep. E.]. 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig Iron Market.—The warrant market was 
dull all last week, a ranging from 61s. 9d. to 61s. 3d. 
cash, and closing on Friday at the latter quotation. The 
market opened again on Monday with a drooping tendency. 
A small amount of business was done in the forenoon at 
60s. 10}d. and 61s. one month open, closing with sellers at 
former and buyers at latter price. There was a quiet market 
in the afternoon, business being done at 60s. 10}d. cash. 
Closing buyers at that price and sellers at 61s. No change 


of any oY tae occurred yesterday in prices. Messrs. 
Merry an hame reduced the prices of their brands 
6d. per ton for No. 3 iron. To-day’s market was again 


weaker, and was altogether without a ce of steadi- 
ness. Opening in the forenoon with business at 60s. 9d. 
fourteen days open, 60s. 74d. cash, and down to 60s. 4jd. 
accepted, a fairamount of business was done at the 
lowest quotation, at which buyers remained, with sellers 
asking 60s. 6d. prompt cash. ere was a flat market in 
the afternoon, and business was done at 60s. 6d. one 
month open, closing sellers 60s: 4}d., buyers 60s. 3d. cash. 
Notwithstanding the reduction of 2s. per ton on most of 
the special brands last week—Gartsherrie, Coltness, Lan- 
gloan, and Shotts—they may still be had in second hands 
at even lower than the ficial notations. The official quota- 

than those given last week. 
Last week’s shipments amounted to 7994 tons as against 
7792 tons in the corresponding week of last year. 


The Scotch Blast Furnaces.—Since the beginning of the 


& year there have been five additional blast furnaces put in 
operation, thus bringing 
against 121 at the same period last year. With this in- 
crease in the productive power and the diminution in shi 
ments and local consumption, there is a considerable 
amount of pig iron going into stock. 


up the number in blast to 119, as 
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iron main is laid from the quay, under the Millwall Extension 





in the course of four or five years we shall be able to produce 
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arge attendance of influential citizens. It was announced 
n the report submitted by the Executive Committee that 
the meetings of the sections would be held in the class- 
rooms of the new University Buildings on Gilmorchill, and 
that for the defraying of the necessary local expenses a 
guarantee fund of 40001. was to be raised of which 20001. 
had already been subscribed, including 500/. from the 
Town Council to head the subscription list. Judging by 
the full and complete and very comprehensive arrangements 
already made or contemplated, there is every prospect of 
the forthcoming meeting of the British Association being a 
most successful one. 


Geological Society of Glasgow.—The usual monthly 
meeting of this society was held last Thursday evening, on 
which occasion Mr. John Mayer, F.C.S., drew the atten- 
tion of the members to a model of the crown of the dia- 
mond rock-boring machine, and a number of specimen cores 
of rock which had been taken from great depths by means 
of the machine. He also gave some interesting details re- 
garding some very deep borings undertaken by the Diamond 
Rock-Boring Company, especially on the Continent, and 
indicated the advantages of the new system of boring, and 
specially recommended it for mineral prospecting. He 
announced that the company had resumed their operations 
at the Sub-Wealden Boring, and that they were to 
be continued until a depth of 2000ft. was attained, when, 
doubtless, the Sub-Wealden Exploration Committee would 
enter into a new contract for continuing the boring toa 
still greater depth. 


Royal Scottish Society of Arts.—An ordinary meeting of 
this society was held in Edinburgh last eniey evening, 
when Mr. W. D. Scott-Moncrieff, C.E., Glasgow, read a 
paper on ‘‘Stored Air as a means of Propulsion.” Mr. 
William Lees and several other members of the society 
complimented Mr. Moncrieff upon the manner in which he 
had treated his subject, and stated that in adapting his in- 
vention to tramway cars he had exhibited a great amount 
of ingenuity. In answer to questions which were put to 
him, Mr. Moncrieff explained that the speed at which his 
car had been run on the tramways was about seven miles 
an hour, while on the railway a speed of between twenty 
and twenty-five miles per hour had been attained. For 
the working of locomotive traffic on branch railways, 
he had no doubt that the use of stored air, as a means of 
propulsion, would be cheaper than the ordinary steam 
power. The receivers of his car contained as near as might 
be 100 cubic feet of air, and the time taken to fill them, by 
means of twelve 10in. pumps, would be about three mi- 
nutes. The car could be stopped more easily than one 
drawn by horses, and was capable of being drawn up 
within its own length. The cost upon the best managed 
tramway lines for horses and drivers was rather more than 
sevenpence a mile per car; while the outlay in connexion 
with propulsion by stored air would, at the outside only be 
23d. or so. After some remarks had been made on the 
paper by Mr. Sang, it was remitted to a committee. 








NOTES FROM THE SOUTH-WEST. 
Holyhead.—Since the completion of the cofferdam for 
the enlargement of the inner harbour, the contractors have 
made every preparation to insure rapid progress with the 
excavation and masonry during the spring and summer. A 
large quantity of dressed stone for a new graving dock is 
on the met § 


Milford.—A syren fog-signal house, for the reception of 
caloric engines, &c., is to be erected on St. Ann’s Head, the 
entrance to the Haven, by order of the Trinity Board. The 
tender of Mr. T. Thomas, Queen-street, Pembroke Dock, 
has been accepted, and.the whole of the work will be com- 
pleted before midsummer. The signal will be a powerful 
one, and will be heard many miles at sea. 


Taff Vale Railway Company.—The half-yearly report 
of this company states that the doubling of the Rhondda 
Faeh branch has made such progress, that it is probable 
passenger trains will be run at an early date, The works in 
connexion with the Llancaiach branch, sanctioned by an 
Act of 1873, have been contracted for and will be proceeded 
with at once. This company commenced working the 
Cowbridge line on the 18th December last—under arrange- 
ment—the lease taking effect on the 1st of January of the 
present year. 


Glynneath.—The collieries in this neighbourhood are in 
a depressed state, with the exception of Pandy Colliery, 
which has been going on very rly durin 
strike. Coedear Colliery is at a standstill, with but little 
prospect of starting again. The men at Abe Col- 
liery are only half employed, and those of Pwllfaron are 
little better off. 


The London and North-Western in Wales.—Mr. W. 
Baker, of the London and North-Western Railway, reports 
that satisfactory progress is being made with the widening 
of the Merthyr, Tredegar, and Abergavenny line. The 
works of the Abersychan Extension Railways have not 
made the progress anticipated during the last few months, 
in consequence of unfavourable weather and difficulties in 
regard to labour. With regard to the Bettws-y-Coed and 
Festiniog line, Mr. Baker adds that at the Festiniog tunnel 
(3872 yards in length) one shaft is sunk to the full depth of 
190 ft. ; two other shafts, which are to be 417 ft. and 430 ft. 
deep, have been carried to depths of 309 ft. and 396 ft. re- 
spectively. About 70 yards of tunnel have been completed. 
The remaining works on the line are proceeding steadily. 
The expenditure on eapital account on the Bettws and 
Festiniog in the six months ending December 31st, 1875, 
amounted to 28,0951. ; on the Abersychan Extension to 
13,5341. ; and on the Penclawdd Branch Extention to 1931. 
Additional capital was also expended on the Chester and 
aan line during the past six months to the extent 
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trade of Plymouth is 


Plymouth.—The steam shippi 
if omeward bound mail 


steadily developing. Eighteen 
steamers now enter Plymouth Sound ev month. A 
company is being formed to trade not only to the Channel 
Islands, but also to three or four French ports. The 
passenger traffic in the summer season is likely to be con- 
siderable, and the transit of butter and eggs alone ought 
to be remunerative. 

Severn Bridge Railway.—The half-yearly report of the 
Severn Bridge Railway Company states that the works of 
the bridge and railway are m g fair progress. Two 
private Bills were introduced into Parliament which affect 
the company—the Severn Bridge and the Bristol Port and 
Channel Dock Junction Railway, and the Severn Bridge 
and Forest of Dean Central Railway. The directors 
understand that the former Bill has been withdrawn ; the 
latter will be watched in the interest of the company. 
The engineers report that the sinking of the cylinders for 
the piers of the bridge commenced in August, and eleven 
have been sunk through 28 ft. of sand to the rock. The 
operation of founding the cylinders in the rock and filling 
them with concrete will soon be commenced. The works 
in the —— approaches are in progress, and part of the 
Tr on the Sharpness side across dock lands has been 
erected. 


Coal Winning at Trimsaran.—There were rejoicings 
here on Thursday, in consequence of the winning of an ex- 
cellent seam of coal. The seam is 9 ft. in thickness and 
known to be the best quality of anthracite in the Gwen- 
draeth Valley. 


Wages in South Wales.—A final award of the South 
Wales Conciliation Board was agreed to at a meeting of 
that body held at Cardiff on Saturday. The reduction of 
the wages of the steam-coal colliers will amount to 7 per 
cent. upon the rate of wages paid in December, 1875; in 
the Mynyddyslwyn and Tillery seams the rate of wages pre- 
vailing in 1869, plus 5 per cent., is to come into operation ; 
and in the collieries working the No. 3 Rhondda seam, a 
reduction of 214 per cent. upon the rate of wages prevail- 
ing in December, 1875, will take place. 


Locomotives for New Zealand.—The Avonside Engine 
Works Company have just completed four locomotive 
engines for the New nd Government, to be used on 
railways in that colony, and they will be despatched to the 
antipodes next month. One of the four engines was tested 
on Saturday. All four of the engines are constructed on 
the Fell system. There have been various adaptations of 
this system to local circumstances, and the new engines are 
especially manufactured to suit the requirements of New 
Zealand. Provision is made for working two of the engines 
together, and then they would take a load of 100 tons over 
a gradient of lin 15. Each engine weighs some 35 tons, 
and the speed got out of them is about 20 miles per hour. 
A partic feature in each engine is that it is fitted with 
Widmarks’ patent radial axle-box. Our own opinion of 
the Fell system is well known, and we cannot but consider 
it singular that after the experience which has been gained 
with it, it should have been adopted in New Zealand. We 
cannot wae or anything but great wear and tear and 
general trouble from its use. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change at Middlesbrough. Business 
was in a miserably depressed condition, and prices were 
lower than they were last week. No. 3 Cleveland pig was 
still quoted by makers 50s. e ton, but brokers were 
offering that quality for 49s. 6d., and even less than that 
figure. 

Pig Iron Sold by Auction.—At the close of the market at 
Middlesbrough, yesterday, Mr. Charles Willman, C.E.» 
sold by auction in the Board Room of the Exchange, 
pst / lots of pig iron. There was a very large attendance 
at the sale. The prices realised were as follows: Lot 1, 
450tons, No. 1 g.m.b., 53s. 9d. per ton ; lot 1a, 500 tons, do., 
58s. 6d.; lot 2, 40 tons, No. 1 Clarence. 53s. 6d. ; lot 3, 
356 tons, No. 3 g-m.b., 48s. 9d.; lot 4, 668 tons, do. 48s. 
9d.; lot 5, 668 tons, do., 49s.; lot 6, 400 tons, No. 3 
Clarence, 50s. 94. The bidding was brisk. It is under- 
stood that the sale was arranged for the purpose of settling 
some trade differences. 


The Finished Iron Trade and the Prospect.—There is 
atill great depression in the finished iron trade, and large 
numbers of men in different parts ef the North of England 
remain unemployed. It it hoped that there will soon be a 
marked improvement. An indication of better times is 
apparent from the fact that Messrs. Bolckow, Vaughan, 
and Co. have just received some rail orders and are a 
ing to execute them at their Witton Park Works, to which 
place they have despatched men from Middlesbrough. It 
is expected that this firm will soon be able to put their ex- 
tensive Middlesbrough works in full operation. There is 
before Parliament this session a good deal of railway and 
engineering work. There are no fewer than 132 bills for 
saieags and canals—90 being promoted by existing com- 
panies and 42 by new compen They are intended to 
construct 705 new miles of railways—103 of these being 
in Ireland, 53 in Scotland, and 549 in England. The 
total amount of capital yg pr ba be raised for this work 
in shares is upwards 0: millions, by loans nearly nine 
millions, making a total of about thirty-six and e 
quarter millions of money to be raised for railway and canal 
purposes. There are five tramway bills, 40 new bills for 
gas companies, and 29 water bills, all of which involve 
the expenditure of millions of money and extensive en- 
gineering of various descriptions. Surely in all these pro- 





jects the result must be more or less work, and some orders 
undoubtedly find their way to this district. 

The Cleveland Miners and their Wages.—The arbi- 
trators, the umpire and ae of the masters and 
men met in London on Saturday to discuss the wages 
question. Nothing definite was done, and the meeting was 
adjourned till to » when the arbitrators will again meet 
the umpire. Whether the arbitrators will agree to a de- 
cision, or refer the whole question to the aaxpant 
Wheeler, remains to be seen. We have no gpmee for 
believing that the result of the arbitration will be a reduction 
in the miners’ wages of one penny per'ton: 

The Coal and Coke Trades.—There is-no alteration in 
the coal end coke trades. 





FOREIGN AND COLONIAL NOTES: 


The Belgian Coal Trade.—The Belgian coal trade has 
been a deal troubled by a strike in the centre. basin. 
The strike has extended also, in some: little degree, into the 
Charleroi district. The men on strike have-thus far main- 
tained a pace attitude, but the ian Government has 
nevertheless deemed it prudent to hold a considerable mili- 
tary force in reserve. 


Composite Vessels.—A composite vessel—that is, a vessel 
built partly of iron and partly of wood—has been recently 
launched at Baltimore for the United States coast survey 
service. The vessel has been built on the recommendation 
of Captain Patterson, of the service in question. The 
frame and beams of the new vessel are of iron, while the 
planking is of wood. The waters of the southern Ameri 
coast are found to seriously affect iron hulls, so that after 
about eight years the iron fails. 


Lake Shore and Michigan Southern Railroad.—In the 
course of 1875 the Lake Shore and pe pis Sonthern 
Railroad Company laid about 12,000 tons of steel rails upon 
its main line ; the amount of iron rails laid (principally on 
branch lines) during the same period was about 9000 tons. 
The quantity of steel rails proposed to be laid upon the 
main line in 1876 is estimated at about 15,000 tons. 

Rails’ at Philadelphia.—Rails gradually droo; in 
price last year upon the Philadelphia market. In — 
the price of American iron rails stood at 51 dols. per ton ; 
in December it had fallen to 45 dols. per ton. Steel rails 
were in fair demand at Philadelphia last ee but at re- 
duced rates ; in cate: Oe stood at 75 dois 

ey 





: ‘ on ton, 
while in December th d fallen to 65 dols. per ton. 


The Darien Ship Canal Question.—The United States 
Government has expended upwards of 1,000,000/dols. in mak- 
ing surveys of four different routes for a Darien ship canal. 
It is understood that President Grant inclines in favour 
of the immediate selection and adoption of the Nicaragua 
route. The distance between Greytown and a good capa- 
cious harbour in the Gulf of Mexico is 181} miles, and the 
estimated cost of construction is 65,722,147 dols. 


Coal in Pennsylvania.—The production of coal in Penn- 
sylvania in the 51 weeks endin mber 25 last year was 
23,674,115 tons, against 23,140,392 tons in the correspond- 
ing period of 1874, showing an increase of 533,823 tons last 
year. To this increase anthracite coal contributed 140,910 
tons and bituminous 392,904 tons. 


Rolling Stock on the New York Central,—The equip- 
ment of the New York Central Railroad Company consists 
of 558 locomotives, 8 dummy engines (used for city service 
in making up trains and tekin them to the city limits), 
427 passenger cars, 81 second s and emigrant cars, 
baggage, mail, and express cars, and 14,597 freight cars. 


The United States Navy.—The vessels of the North 
Atlantic fleet are being concentrated at Port Royal, South 
Carolina, as it is the intention of the Secretary of the 
Navy to make that place the head-quarters of the station. 
The climate of Port Royal is healthy, and the harbour 
offers every facility for the exercise of naval tactics. 


Central Pacific Railroad.—The stream of traffic passin 
over the Central Pacific i grows larger an 
r. In 1875, the ag te receipts of the road were 
16,970,018 dols. against 14,522,814 dols. in 1874, and 
13,919,394 dols. in 1873. 


Steel Rails in the United States.—The annual report of 
the president of the Michigan Central Railroad Company 
states that 4500 tons of steel rails were delivered to the 
company in 1875, and ee, used. The company has made 
great exertions to steel rail its main line, notwithstanding 
current financial difficulties. 


American Petrolewm.—The exports of um from 
Philadelphia to other countries in 1875 amounted to 
64,460,294 gallons, Of these shipments 18,755,135 gallons 
went to Antwerp, 6,880,104 gallons to Bremen, 3,104,494 
gallons to Havre, 2,257,865 gallons to Hamburg, 1,911,479 
w3llons to Konigsberg, 1,208,091 gallons to Genoa, and 
1,796,655 gallons to London. 

Gas in Paris.—The revenue of the Parisian Company 
for Lighting and Heating by Gas amounted last year to 
1,740,2911. This total presents an increase of 140,5591., 
or 8.79 cent., as compared with the corresponding col- 
lection for 1874. 

American Pig Iron.—The production of pig iron 
in the United States in 1875 attained a total of about 
2,100,000 tons. This total presents a falling off of about 
600,000 tons as compared with the corresponding produc- 
tion in 1874. The stock of pig iron on hand and unsold at 
the close of 1875, inclu stocks in the hands of agents, 
amounted altogether to 700,000 tons against 800,000 tons 
at the close of 1874. ‘The consumption of pig iron in the 
te a td ae a in any previous year 
since ‘ 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Wakefield Water Works Company.—The 28th or- | 
dinary half-yearly meeting of the Wakefield Water Works | 
Company was held on Tuesday, Mr. W. Statier in the chair. | 





The customary dividends of 91. per cent. on ordi , and | granted. 
51. per cent. on the guaranteed shares were orde: to be 
paid. The company’s Bill now in Parliament asking for | 


powers to raise 80,0001. additional capital for securing a 
supply of water from Darfield, near Barnsley, was read 

oul adopted. 
The Leeds Tramway Company.—The seventh half-yearly 
of the directors of the Tramway Company 


20,6841. and opeeenese 15,1711., thus leaving 57591. 
available for a dividend of 6 per cent. on the ordinary 


Gaslight Com 


shares with 1000. to the contingency fund. 





The Swaithe Main Explosion.—On Monday a deputation 
from Barnsley, consisting of the Mayor, Mr. W. 5S. Stan- 
hope, M.P., and several others, waited upon the Lord Mayor 
| of London, and the Committee of the Mansion House Colliery 
Explosions Fund, to request assistance for the sufferers by 
the late Swaithe Main Explosion. A sum of 25001. was 


Another Reduction in Fuel Prices.—Another drop in 
coal prices was announced on Monday. One of the local 
newspapers states that the new quotations of the Sheffield 
| Coal Company are, picked branch coal 14s., best Birley 
| Silkstone 12s., picked cubes for the London market 12s. 4d., 
screened Silkstone nuts 6s. 6d. and screened seconds 
at the pits. The new coke prices of the Sheffield United 
pany are, large coke 13s..4d,, soft washed 
breeze coke 14s. 2d., and unwashed breeze coke 10s. 10d. 
per ton at the depéts. 


| The Great Northern Railway Line.—The corporation 


of Doncaster are in correspondence with the directors of 
the Great Northern Railway Company on the subject of 
the Marsh-gate level crossing of that town. The directors 
have pointed out that as soon as their new and extensive 
running sheds are completed the present sheds would be 
removed, which would abolish fully 50 per cent. of the 
resent shunting. Plans have been placed before the 
directors, however, showing that the road might be carried 
over the line for about 25,0001. 


Coal Traffic by Railway to London.—During the month 
of January the total quantity of coal conveyed to London 
by railway was 445,761 tons, as against 519,964 tons in 
December. Of the former total the Midland carried 
148,946 tons; London and North-Western 104,913 tons ; 
Greath Northern 82,231 tons ; Great Eastern 53,689 tons ; 
and Great Western 52,282 tons. The chief eight collieries 
of Derbyshire sent off 77,000 tons only as against 95,000 tons 
in December. 


8s. 
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THE EAST RIVER BRIDGE. 


We reproduce from the Scientific American the accom- 
panying illustrations of the anchorages of the cables carry- 
ing the East River Bridge now in course of construction in 
New York. Want of money has caused a prolonged stop- 
page of these works, but it is confidently hoped that the 
subscription now being raised will enable the contractors to 
press forward the erection. At the present time the lower 
or Brooklyn side is quite finished and ready for the suspen- 
sion cables; the New Yerk tower has reached a height of 
208 ft., leaving 30 ft. yet to be added. The anchorage on 
the Brooklyn side is practically complete, and the New 
York anchorages, which we illustrate, are in an advanced 
condition. The removal of buildings on the site of the 
anchorage was commenced on the 7th of May last, and 
three months later the excavations had been carried down 
to about 20 ft., and 500,000 ft. of timber foundations were 
in place. These timbers were laid in four tiers, with con- 
crete between, the total depth being 4ft. On the top was 
laid the first masonry course, consisting of limestone from 








the Lake Champlain district, and the area of the course is 
129 ft. by 116 ft. 4in. When the second course was laid, 
preparations were made to receive the anchor plates, four in 
number. Each weighs 23 tons, and is of cast iron, with 
16 radiating arms, as shown in Fig. 2. Each was cast in 
a single piece, and the contract strain imposed on the metal 
was 500 lbs. per square inch, on a test portion resting on 
bearings 4ft. Gin. apart. The relative position of the 
anchor plates will be seen on reference to Fig. 1. They 
are placed at the rear of the masonry, and of course in 
the planes of the different cables. They are set in the 
masonry in cement, and from the centres spring the mooring 
chains arranged as shown in Fig. 1. The links of the 
chain are 13 ft. 6in. long, and vary in area from 27 to 
21 square inches, according to their position. The iron from 
which they are made was tested to a breaking strain of 
50,000 Ibs. per inch. 

After the links of the mooring chains attached to the 
plates were in position, the masonry was cOntinued for four 
more courses, this part of the work being done with granite 
in 10-ton blocks; and above this it will be continued for a 
height of 89 ft., additional sets of links being added as the 
work rises, the chain being carried round to the fronts of 
the anchorage, as shown in Fig. 1. The last links will 
have twice as many bars as the other, but of half the thick- 
ness, and they are arranged as shown in the section—half 
the number rising above, and the other half falling below 
a horizontal line. To each pair of these bars a strand of 
the cable will be attached, so ths¢ 19 strands in all will be 
attached to the chains. The total strain on the cables is 
7800 tons, resisted by the dead weight of the structure, 
amounting to 44,000 tons. The joints in the chain throw 
& resultant pressure on the masonry of 2260 tons, and at 
the various points of contact, iron plates resting on granite 
blocks are introduced. 

The general dimensions of the anchorage are the follow- 
ing:—The size at the bottom is, as already stated, 129 ft. 
by 116 ft. 4in., and at thetop 117 ft. by 85 ft. 3 in., the 
batter being lin 38. In the body of the mass are formed 
ten arched 61 ft. 6in. high and 23 ft. wide in the 


front, and 22 ft. 7} in. high and 14 ft. wide at the back. 
At present the structure is 44 ft. 6in. above tide level. The 
cables will be made on the spot, the large area of the 
Brooklyn anchorages being employed for the purpose, and 
it is expected that the first part of the cable will be stretched 


JOHNSON’S BEAM COMPASS. 

Tue ordinary beam compass with its sliding sleeves, 
fitted with adjusting screw, springs, and pen and pencil 
adjustment, at best forms a somewhat complicated instru- 
ment and one liable to derangement. We illustrate below 
a modification of the ordinary form which ought to find 
favour with every draughtsman, whilst its extreme 
cheapness which follows as a matter of course upon its 
simple construction, is an additional advantage. It consists 
simply of a radius bar of mahogany, through one end of 
which a pin is placed which serves as the centre around 
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which circles may be struck. Sliding on the bar is a block 
of cork with rounded ends, and having pierced through it 
four holes of varying sizes, through either of which an 
ordinary drawing pen or pencil may be placed, the elasticity 
of the cork holding them tightly in place. A penknife may 
also be placed in one of the holes, and the instrument used 
for cutting out circles on paper or cardboard. The piece of 
cork retains a firm and steady hold upon the mahogany bar, 
along which it may be made to slide the bar passing through 
a slot cut in the cork as shown. Messrs. Charles Johnson 
and Co., of 2, Howard-street, Edinburgh, are the makers of 
this little instrument. 





LINING OR MARKING OUT WORK.-—No. II, 
By Josuua Ross, New York. 

For m ing purposes, the usual inside and outside 
calipers are employed, in conjunction with a pair of compass 
calipers, namely, a tool composed of one inside caliper leg 
and one compass leg, the use of which is to find the true 
centre of either inside or outside work. 

For i rallel lines upon shafts or other round 
work, we have the angle piece, shown in Fig. 8. It is ap- 


Fia.e. 


=== 


parent that, if it is placed (as shown) upon a piece of round 


a 








or compressed smaller, to suit any 
a few es with the hammer, and use the ] 
conform itself to the uneven shape of the hole, and will 
therefore hold fast and not be liable to move ; and further- 
more, because a few blows will deface any lines which may 
have been Reap se Na face of l . in service hy a 
previous piece of work. Again, itmay be necessary 

mark a centre line, and as ge other lines ; and then 
drawing a wet across the old lines on the lead will 
dull them, while the newly made ones will be bright, and 
thus remain distinct. For holes that have been trued out, 
similarly shaped pieces of sheet brass may be used, the 
form shown at A B being for the larger, and that shown 
at C D for the sized holes ; these brass pieces may 
be filed up very true, and have a centre punch mark in their 
exact centre, thus obviating the necessity of finding the 
centre at each time of using. 5 é 

For use on holes of comparatively large dimensions, that 
is to say, above 4in. in diameter, the centre piece shown in 
Fig. 10 is convenient. A represents a piece of wood, 
nail Bags piece of tin or sheet iron, having its corners 
bent up so that they may be driven into the wood and thus 
made fast in position to receive the centre. Such a centre 
is very easily and readily made, and mag be esol on segs 
or finished work. If the surface of the work w which 
either of these centres is used is flat, the ends of the centres 


uired size of hole, b; 





across the river in June next. 





, leather, or other material may be 
ped gen dy Lip be alan in the 
unch used for marking out should be as 

The object of making its diameter so small 


scribed, a piece of 
i in one 

size. The centre 
shown in Fig. 11, 
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towards the say being that it shall not obstruct a clear 
view of the line. A heavier centre punch may of course 
be em: to increase the size of the centre hh marks 
when the same is n . The hammer should also be 
a small one, weighing about } Ib., and having a ball face to 
efface any centre punch marks erroneously marked or to be 
yee f with, an ordinary hammer being ——- to 
perform any necessary operation other than t 

marking out. 

Straight edges and a pair of parallel strips, or winding 
strips as they are sometimes called, together with a few 
parallel pieces, will complete the tools for 
ordinary marking out. A ight about an inc 
lank foal Since tansy, lp a, ioe potenioe of thetinaen 
len since it may, by a little pressure > 
bent hollow or rand to conform to the surface of the wor 
as is sometimes vantageous. Parallel strips 
pieces of metal of pmol thickness, intended 
of work from the surface of the table, 
Tey or part will clear and not tilt 
thi 
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need not be made square, but 
ess one way is two-thirds that 
that they may be turned on either side as 
require. Pieces of old piston rings form 
possi? pisses, and ave in many, Eplenees 


Before proceeding to mark out a i 
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wt wapenee Jol pions mre e pliers Lod 
any pai r may be scan’ or 
as it is often termed). The surface ; 





work, in such position that the edges A and B (C the | be examined ; so that, if any part of it is defective, the 
work) will nee om with the cote ieee edges will stand | marking off can be an Eye a view to remed; 
true and parallel with the work, and may therefore be used the error, whether of excess or defect. Now let us 
as a guide whereby to draw the lines. off a block, say of 12 in. cube, and we shall find that we 
Our next requisites are termed centres or centre pieces, | ™ust not mark it out all over until one of the faces has 
their uses being to stand in holes or between jaws, and to | been planed up. Suppose, for instance, we mark it out as 
receive centre marks or lines. For use on work, | Shown in Fig. 12. e inside lines on faces A and B are. 
especially in holes that are rough, that is, those which have | the marking-off lines ; if, then, we cut off the metal to the 
not yet been cut true, pieces of lead, such as are shown in Fic... 
Fig. 9, are the best, because they may be stretched larger 
lines on A, we shall have removed the lines on B, and vice 
versd ; and there is no manner of means of avoiding the 
difficulty, save as follows : We may mark off one face and 
let the k be cut down to the lines, before marking the 


other face; or we may have a surfacing cut off 
one face, and then a the whole of the marking off at 
one operation. The latter plan is preferable, because it 
gives us one true face to work from in marking off, 
obviates the necessity of having to prevent the rocking of 
the work upon the p Beeb eomioe | table, by the insertion of 
wedges, which is otherwise very commonl isite. It is 
preferable, then, upon all work easily ed and chucked, 
and in which the lining off must be performed on more than 
one face, to surface one face Ty sappy a 
out; and supposing our block to have one face so s' > 


we will proceed 
Fic .is. (n). 


cay 


We [first well chalk the surface of the work all 
about where we expect the lines to come, which is 
make the lines show fers f we then place the wor! 
the table with the s ‘ace downward ; rd we 

rule alongside of it, we set the scriber so as to off 
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must of course be also flat ; and in the case of the last de- 
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necessary amount from the top, as shown in Fig. 13 (. 
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pr Pred wpe Vay ber ey tg $4 around all four faces 
of 5 e then turn the work on the plate so tha’ 
the trae face stands i » sotting it true by 
| ey son fir wl being with the back to 
the face of the table the blade against the surfaced face 
¢ :o wp the We uk stand — with the square 

e, as shown in Fig. 14, A being the marking-off table, 
B the square, and C the surfaced face of the work. We 
then (with the seribing block) mark, across the surfaced 
face of the work, two lines, 12in. apart and of equal dis- 
tance from the top and bottom faces of the work, as shown 
in Fig. 15, at Aand B. Our next operation is to mark off, 
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on the surfaced face of the work, two more lines, standing 
at right angles to the lines A and B in the above _ ; 
so that the surfaced face wiil bavefour lines uponit. These 
last two lines we mark without moving the work, by plac- 
ing @ square with its back resting upod the table, the 
square blade standing vertically and at tho necessary dis- 
tance from the edge of the block, as shown in Fig. 16, A 
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and B being the lines drawn by the scribing block, and C C 
the square in position to draw‘one of the necessary per- 
Se lines, the other, shown at D, being sup to 

ave been marked from the squate while it was turned 
around. Here, then, we have the lines for four of the 
faces, marked upon a face already stirfaced to the size, thus 
disposing of five out of the six faces ; and since the line for 
the sixth face stands diametrically opposite to the surfaced 
face, the latter has only to be kept down evenly upon the 
table of the planer to insure the sixth face bei 
after which, and when each of the remaining four sides is 
chucked to be operated on, we have a true face to place 
next to the angle plate, and a true one inst which to 
opr! the square to test if the work is held Thus we 
fa 

‘ace 





hat the surfaced face of the work, when used with the 

of the marking-off table and the face of the planer 
table, becomes a gange by which (with the aid of the square) 
all the other faces may be marked and cut true. 

It is obvious that, either one of the faces of the 
work been faulty, we might have taken off it as much 
metal as possible, leaving only sufficient to clean up the 
face diametrically opposite: It often happens that an 
apparently faulty face shows to more advantage by having 
a cut taken off it ; especially is this the case im iron cast- 
ings, in which there may be more air holes beneath than 
upon the surface, which defect may be sufficiently serious 


to spoil the work. It is therefore preferable to take the | has 


surfacing cut off the defective face, so that the degree 
of defect may be discovered before even the marking out is 
performed. 

The lines being marked, our next procedure is to make 
light centre-punch marks at short intervals along them, 
so that, if the lines become obliterated through handling 
the work, the centre-punch dots will serve instead. These 
dots should be mar vey true with the lines, other- 
wise they destroy the truth of the marking; because the 
machine operator, in setting the work in the machine, is 
way guided by the dots. 

By this method, we may mark off any body whose out- 
line is composed of straight lines, and whose diametrically 
opposite faces are el, no matter what the length, 
breadth, and thickness of the body may be. It is not, 
however, at-all times desirable to perform all the marki 
out at one operation. Suppose, for example, our work h 
been a piece of metal 1 ft.squareand } in. thick, were we to 
face off one of the broad faces before marking off, we should 
find it very difficult to set our worlo upon the rough edge, 
and set it trus to the square, as shown in Fig. 14; whereas, 
oe we to pete —— vs first, we have } in. 
only against which to try square when setting the 

ed edge perpendicular. In such a case, therefore, it is 
ost not to mark off the edges until the body of the work 
is out to the required thickness. 








THE MOUTH OF THE MISSISSIPPI. 


On Jan 15, 1876, the jetty works constructed under 
the United States t, made to Mr. James B. Eads on 
March 3rd last, been so far extes.ded into the sea that 


the almost complete control of the river discharge had 
been accomplished through a distance of 14 miles from 
the land’s end, and within 2500 ft. of the crest of the bar. 

Through the extent of this mile and a half, the river cur- 
rent had ones out 1,263,222 cubic yards of the bar on De- 
cember 25, 1875, and the removal. by the river is progress- 
ing at the rate of about 30,000 cubic yards per day; 
2, yom pry more will have to be scoured away before 
20 ft. of water is socured across the bar. 

The works on each line of jetty are ially constructed 


intended to be built, and the work on this portion of the 


cut true ; | reduced 


terial is now in , if no more work were done, to insure 
a depth of 20 ft. of water across the bar, within three or 
four months. One remarkable feature, thus far developed, 
is the deepening of the water between the incomplete jetties 
on the outer slope of the bar, which is doubtless caused by 
the tidal action that is now ially controlled by the jetty 
works beyond the crest. This deepening clearly shows how 
groundless are the fears that the effect of the jetties would 
simply be to pile out the excavated material on the outer 
slope of the bar. The fact that the crest of the bar has not 
deepened, notwithstanding the immense amount of materi 
excavated from above it, between the lines of the jetties, 
is in exact accordance with the theory upon which Mr. Eads 
has based his application of the jetty system to the improve- 
ment of the mouth of the Mississippi. 
Those predicting the failure of the system have constantly 
asserted that the chief part of the sedimentary matter of 
the river was pushed out to sea, on the bottom, by the 
action of the current ; while Mr. Eads _has persistently de- 
clared that this was a grave error, and that these matters 
were almost wholly borne to the sea suspended in the water 
of the river, and that, the more rapid the current, the 
greater would be the amount of material held by it in sus- 
pension ; and hence an increase of currentabove the normal 
in any part of the river, flowing over a strictly alluvial bed, 
w reper Se unions pa tein up an additional — of tn 
matter, w it w in in suspension. so as the 
velocity of current was maintained ; and when thus c d, 
it would be simply impossible for it to take {up any load or 
roduce any additional scouring. The current receives its 
accéleration at the upper end of the j works, and 
here it first becomes charged with the surplus load. It 
receives no further acceleration in its passage ‘over the 
crest of the bar (owing to the incompleteness of the work 
there), over which it escapes laterally. The enlargement 
prodaced by the excavation gradually redaces fhe current, 
where it occurs, by the of the channel, and the 
acceleration and extra loading of the water then takes 
place lower down and nearer the crest of the bar. The 
effect of this is to shorten up the base of the bar, and to 
deepen the channel above it, before the crest of the bar is 
WW 


The eriginab arethet the bar was a plateau 3500 ft. wide, 
over which an average depth of only 74 ft. of water could 
be found between the parallel lines of the jetties, which are 
placed 1000 ft. asunder. ane pate is now reduced to 
a width of less than 600ft., will gradually be reduced 
to nothing, before the ing of the bar crest will begin 
to take place. As the current is quite as rapid now across 
the crest of the bar as it is between the completed parts of 
the jetties, it is evident that,*if the sedimentary matters of 
the river were pushed along the bottom, by the current, the 
deposits which ‘are most elevated, like the summit of the 
bar, would be the first to be pushed off, and piled up be- 
yond the bar crest, in the sea water beneath the river dis- 
c , or in what has been termed the ‘‘dead angle.’ 
The of the bar on the 20 ft. line of depth was nearly 
10,000 ft. long when the jetties were commenced. This base 
been shortened still more than the plateau forming the 
bar sammit, and is now only about 6200 ft. » measured 
in the direction of the jetties.—Scientific American. 





CARLINGFORD LOUGH AND GREENORE. 


Instituion of Civil Engineers, held on Tuesday evening, the 
8th February, Mr. George Robert Stephenson, President, 
in the chair, the paper read was‘on “ Carlingford Lough 
and Greenore,”’ by Mr. James Barton, M. Inst. C.E. 
It was stated that the mouth of Carlingford Lough 
was sheltered by a natural breakwater of rock, leaving a 
channel about 700 ft. wide. Across this channel a bar of 
blue clay and boulders had existed previous to the works 
described, the depth of water being only 7% ft. at low tide. 
Within the lough the water was more than 18 ft. deep at 
low water over an area of 1200 acres, affording. safe 
anchorage. Although the cutting of a channel for navi- 
"ray through this bar had been recommended by the 
idal Harbours Commissioners and by the Refuge;Harbour 
Commissioners, it had not been carried out as a public 
work, but was undertaken under the Piers and 
Harbours Act, and was authorised by Parliament in 1864 
to be executed by a Board of Commissioners, for which pur- 
a sum of 80,0001. was lent by the Public Works 
mmissioners on the security of expected tolls. The 
exposed position of this work was somewhat unusual for 
. The number of days in the year when the 
weather permitted the to proceed, varied from a 
minimum of sixty-seven in the year teri. to a maximum of 
one hundred and thirty-one in 1873, and upon many of 
these days the work was limited to two or hours. The 
materials raised season varied from 50,000 tons to 
99,720 tons ; the day was generally blue and plastic, with 
boulders embedded, varying im size up to 4 
weight. The ging p lesigned, 
and was constructed by Messrs, Simons and Co., of Ren- 
frew ; it dredged in water 35 ft. deep, and lifted stones wu 
to 30 cwt, ; larger ones were chained by divers and rai 
by a crane on the yessel’s bow. The average lift for all days 
on which the dredger worked, whether one hour or sixteen 
hours, had been 850 tons ; the maximum tonnage raised in 
one day was Some rock inside the lough had 
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been removed by first blasting on the surface with dynamite 
and then dredging the broken up rock.” The channel 


Ar the eleventh ordinary meeting of the session of the | &c 


already formed was 18 ft. at low water of spring tides 
for a width of 300ft., anda width of 50 ft. at each 
side béen cut to a of 14ft. at low water. The 
channel was initénded to be 600 ft: wide, and 18 ft. deep at 
oe capuntempastate den hatttn cbeteat 
plant; i contests, &c., n approxi- 

of the actnal work. for 


thro the channel, which was about ? mile % 

Within Carlingford Lough a point stretched out to the 
edge of deep water from the south side called Greenore, 
ani , 3 miles inside the bar, a marine station had been 
constructed and a railway to it formed from the Irish North- 
Western Railway at Dundalk, and another was in process 
of construction from Newry. This point afforded special 
facilities for a fixed hour steam service to Holyhead and 
elsewhere. The works at Greenore had been designed to 


rial } provide for the convenient loading and unloading rapidly of 
a and goods, 


steamers, with passengers, cattle, to provide 
for the necessities of each kind of traffic, so as to enable 
the to land and embark without contact with 
either or live-stock traffic; and yet that thess 
should not be inconvenienced, but that each should be 
done in the best way. The arrangements were explained 
by diagrams, and a system of hydraulic machinery raised 
and lowered the lan stages. There were two berths 
for steamers and a i hh, and one of the former 
was deep eno to accommodate grain vessels afloat 
alongside having a depth of 18 ft. at low water. Movable 
lifting landing stages, to suit the steamers at all times 
of the tide, were provided, by which rs were 
sheltered and cover until embarkation, and special 
arrangements were provided for communicating with 
these stages by a novel description ot stairway, in 
which the steps maintained their horizontal position, what- 
ever inclination might be given to the frame which carried 
them. The quay wall at the sea end was founded at a‘ 
depth of 214 ft. below low water, and at the upper berth, 
of 18} ft. The foundations were excavated by dredging, 
and were levelled by divers. The front of the end of 
the wall below low water was formed of concrete blocks of 
about 3} tons, set by divers, and the back face of the wall 
had been formed of concrete in sacks, containing about 
1 cubic yard each, put down soft, and built in courses ; and 
the hearting was of concrete deposited soft. The founda- 
tion at the sea end had been formed of concrete blocks of 
100 tons each, built upon the beach above low water in 
frames, and lifted, carried, and lowered between two ba 

by special machinery worked by hand. Two of these blocks, 
one upon the other, formed a, length of 10ft. of the wall 
up to low water. Above low water the wall had been built 
of heavy rubble limestone masonry, and it was fendered 
throughout. The fenders for the steamer berths were 
necessa ial construction, inasmuch as the lifting 
stages to be free to move behind them; they were 
formed of heavy wrought-iron box girders stayed to dia- 
gonal struts, by which the pressure was carried down to 
the foundations. The cost of the works at Greenore had 
been 130,0001. The cost of the quay wall, 45ft. high on 
an average, had been, including extras, 271. 8s. per lineal 
foot. The concrete used was 1 of Portland cement to 6 of 
sand, gravel, and stones. The cost of the concrete blocks 
of 100 tons each, when set, exclusive of barges and ma- 
chinery, had been 30s. per cubic yard. That of the concrete 
built in the back face of the wail in sacks had been 23s. per 
cubic yard, while the cost of the liquid concrete set in the 
foundations had been 18s. per cubic yard. 





SupMARINE TELEGRAPH ENTERPRISE.—At the close of 
ae 1875, the Eastern ae Company (Limited) 
h 7 ended Sie par ~ es, bs —" Ly ae 

imposing out included 32, - expen uring 
the half year upon the company’s new Sardinian cable. It 
will be admitted that figures such as these show that sub- 
marine telegraph enterprise is beginning to assume very 
substantial importance. - 


Russian Ratuwars.—A recent return shows that the 
—— of rolling stock at work upon the railways of 
Russia eee 2829 locomotives, 5112 carriages, and 
48,614 trucks. The following lines have more than 100 
locomotives : St. Petersb: and Warsaw, 218; 
Landvorovo and Romny, 108 ; St. b and Moscow, 
202; Riajak and Wiazma, 108; Kozlow, Voronoge, and 
Rostow, 138 ; Koursk, Charkoff, and Azoff, 129 ; Odessa, 
172, and Moscow and Brest, 138. 


Naprer (New ZEALAND) HarBour.—Mr. Carruthers, 
reporting to the New Zealand Minister of Public Works upon 
Napier harbour, states that for the present he only recom- 
mends the construction of guiding piers, and of such works 
as may be necessary to prevent the further washing away of 
what is known as the Northern Spit. The cost of concréte 

be greater than the local harbour board could afford ; 
and{Mr. Carruthers, therefore, recommends the use of Jame 


— substantially built in the manner indicated by Mr. 
arrathers would be about 70,0001., and they would have 
the effect of increasing the water on the bar to 15 ft. or 
16 ft. at ordi high water. When railway communica- 
tion is completed to what is known as Seventy-mile Bush, 
the trade of the port of Napier is to be much 
greater than it is ae wae and a great extension of wharf 
accommodation will be required. A further outlay will be 
needed for this purpose at some future period, but Mr. 
Carrathers does not consider that it will be nessuany 
iucur amy expense on this account until the main work of 
improving the bar is completed. If the bar is composed of 
large boulders below the depth of 15 ft. or 16 ft., as is 
supposed to be the case, dredging will be required to secure 
any greater depth. 
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THE ORIGIN OF MOTION.—No. IV. 


1. Zo prove that the Medium between two opposed 
vibrating Masses or Molecules is rarefied.—We arrived 
at the deduction in the last section that vibrating 
mfisses or molecules in all cases impart a surplus of 
energy to the surrounding thedium, and considered 
the mechanical process by which this effect was 
produced, It will now be our purpose to give a 
direct proof that the medium intercepted between 
two opposed vibrating masses or molecules is in all 
cases rarefied. The practical importance of this 
point as affecting the molecular actions generally 
will be evident. 

I. When two molecules are vibrating in opposi- 
tion to each other, or a cluster of molecules are 
vibtating in proximity to each other, the waves are 
of necessity reflected, and the intervening ether 
thereby thrown into stationary vibration, as is in- 
variably the case with a medium when the waves 
traversing it are reflected backwards and forwards. 

II. It follows, therefore, that since the waves are 
reflected, the increments of motion or energy given 
to the particles of the intervening ether by the 
vibrating molecules will accumulate by repeated re- 
flections; or the surplus of energy imparted to the 
intervening ethet will accumulate up to a certain 
maximum, 

III. But it is a known physical impossibility to 
accumulate energy in the particles of a medium 
without expanding or rarefying the medium when 
the medium is free to expand, The intervening 
ether between a cluster of vibrating molecules, or 
the intervening ether column between a pair of vi- 
bratitig molecules is, however, free to expand. It 
follows, therefore, that the intervening ether be- 
tween a cluster or pair of vibrating molecules is in 
all cases rarefied. ‘This, therefore, constitutes the 
proof of our proposition. 

2. This rarefaction of the intervening ether is 
the physical condition required to effect a reduction 
of the ether pressure between the opposed vibrating 
molecules, whereby the molecules may be driven 
together (attracted) by the action of the superior 
(normal) ether pressure upon their remote sides. 

8, We may here append a brief notice of some ex- 
perimental investigations by Professor F. Guthrie 
and MM. Guyot and Schellbach with masses of 
matter vibrating in air. ‘The results are contained 
in the Philosophical Magazine for November, 1870, 
and June, 1871. In these papers numerous interest- 
ing experiments are detailed, illustrative of the 
attraction and repulsion of various freely suspended 
masses of matter by vibrating tuning-forks, or by 
masses of matter in a state of vibration. The fol- 
lowiug experimental results were obtained by Pro- 
fessor Guthrie. 

Experiment 7.—‘‘ To one end of a splinter of wood 
0.5 metre long, a card, 0.08 metre square, was 
fastened in such a way that the plane of the card was 
vertical, and contained in the line of the splinter. 
The whole was hung from a fibre of unspun silk, 
and counterpoised. ‘The tuning-fork was set in 
vibration, and was brought towards the card in 
three relative positions. 


card moved was greatest when the fork was sound- 
ing loudest. In all three cases it was possible to 
= the card from a distance of 0.05. metre at 
east.” 
. Experiment 16.—A rod of brass, 1.2 metre long, 
provided at the ends with discs of brass perpendicular 
to the rod 0.26 metre in diameter, was set in longi- 
tudinal vibration by means of resined leather. By 
this means it was easy to cause motion when the 
two (disc and card) were at a distance of 0.2 metre. 

4, One of the most important results observed in 
these experiments was the perfect reciprocity of the 
effects whether both or only one of the opposed masses 
was vibrating. Thus a fixed vibrating tuning-fork was 
observed to cause a freely suspended non-vibrating 
card to move towards it, and conversely a fixed non- 
vibrating card caused a freely suspended vibrating 
fork to move towards it, with the same energy, 
or the action was perfectly reciprocal or mutual in 
each case. 

5. This fact is of great importance, and several 
noteworthy and practical conclusions may be drawn 
from it which are especially interesting as having a 
direct bearing on the effects produced by the waves 
emitted by molecules ; for, first, this reciprocity of 
action when only one mass vibrates constitutes 
when analysed a striking experimental proof of the 
fact that the waves" are reflected and thereby 
stationary vibrations formed in the intervening 


In all three cases the card : 
moved towards the fork. The rate at which the; 





column of air ; and, second, this observed reciprocity 
of action proves that the effect of attraction is 
solely determined by the reflection of the waves and 
the attendant production of stationary vibrations in 
the intervening column of air, or, in other words, if 
it were not for the reflection of the waves, and the 
attendant stationary vibration of the intervening air 
column, there would be no attraction at all. 

This is shown by the following considerations : 

I. First, it is observed as an obvious fact that 
a vibrating fork when freely suspended and 
isolated tends to move in no particular direction 
whatever. Second, it is observed that when 
a piece of card not vibratin 
tance from this fork, the fork commences to move 
towards the card. What is the cause of this move- 
ment? It must be perfectly evident that the 
presence of the distant card must have affected the 

hysical state of the air about the fork in some way, 

or if not, there would obviously be no more reason 
for the fork to commence moving when the card is 
present than there would be when the card is ab- 
sent. Since, therefore, the card is xo¢ vibrating, 
the only conceivable way in which it can affect 
the fork is by reflecting the waves back upon 
the fork. This is perfectly certain. This reflection 
of the waves would necessarily throw the inter- 
vening air column into stationary vibration, re- 
flection being the known physical condition required 
to produce such an effect. 

I, Since, therefore, the movement of the fork 
can be solely dependent on the action of the reflected 
waves upon it, 7.¢., the action of the stationary vi- 
bration of the air column upon it, and since the 
movement of the card is reciprocal or takes place 
with equal energy, it follows, therefore, that the 
movement of the card can also be solely due to the 
action of the stationary vibration of the air column 
upon it. In short the action or deportment of both 
fork and card depends simply on the relation that 
the pressure of the intercepted rarefied column 
of air in stationary vibration bears to the normal air 
pressure. If the pressure of the vibrating rarefied 
column of air intercepted between the fork and card 
be less than the normal air pressure the two masses 
(fork and card) will be mutually or reciprocally 
urged together by the preponderating (normal) air 
pressure upon their remote surfaces, When the 
true physical conditions of the case are kept in 
view, it will be observed that the action must of ne- 
cessity be perfectly reciprocal or mutual (even 
although only ove mass vibrates) from the fact that 
the waves are mutually refle from the opposing 
masses, and, therefore, the pressure (whatever its 
value) is propagated between the card and the fork 
by mutual reflection, perfect reciprocity of action 
being thereby an absolute necessity, in fact, the 
existence of the one pressure is dependent on the 
existence of the opposite reacting pressure. 

III. On the other hand, if it were a case of the 
mere emission of waves without reflection and the 
attendant production of stationary vibrations in the 
intervening column of air, there would be no effect 
at all. A convincing proof is afforded of this by a 
.casideration of the above case of the movement 
jattraction) of a vibrating tuning-fork produced by 
a distant on-vibrating card, for until the wave 
emitted by the fork has had time to be reflected back 
from the distant card and has reached the fork, the 
air about the fork continues to remain in precisely,the 
same physical state as if the card were not present, 
and therefore obviously the fork cannot commence 
to be attracted until the emitted wave has been re- 
flected back upon it. ‘This is perfectly self-evident. 
In fact, as a general case when a body is set vibra- 
ting in opposition to a mass at a distance, it must re- 
quire a certain definite time for the vibrating mass 
to commence to be attracted, this time being re- 
presented by not less than the time required for the 
emitted wave to reach the distant mass and to be 
reflected back upon the vibrating mass, for ob- 
viously until this occurs the medium about the 
vibrating mass continues to remain in the same 
physical state as if the vibrating mass were com- 
pletely isolated, or a8 if it alone existed, The re- 
flection of the waves and the production pare | of 
stationary vibrations in the intervening medium 
constitutes, therefore, the whole gist of the ex- 
planation. of the phenomena of attraction and re- 

ulsion. 

" If, for example, means were adopted to prevent the 
reflection of the waves, such as if the distant mass 
(or card in the present case) could take up—absorb 
—thé motion of the waves emitted by the fork, 
there would be no attraction of the fork at all; 





is placed at a dis-: 





simply because unless this reflection occurs the air 
about the fork remains in the same state as if no 
card ‘existed (or as if thé ‘fork were completely 
isolated). 

IV, Again, the mere emission of waves does not 
rarefy a medium, or it is only when the waves be- 
come stationary by reflection, and thereby the 
energy imparted to the medium accumulates in the 
medium between the opposed masses, that a per- 
manent rarefaction of the medium can be produced. 
Now since an attraction cannot possibly take place 
without a rarefaction of the medium, and since re- 
flection of the waves is the n condition to 
produce such rarefaction, it follows, therefore, that 
an attraction cannot take place without a reflection 
of the waves. By this reflection statio vibra- 
tions are formed in the intervening medium. It 
follows, therefore, that the reflection of the waves 
and the production of statio vibrations in the 
intervening medium is the sole determining cause of 
these phenomena. These considerations, Tecaateon, 
which are extremely important in their direct ap- 
plication to the molecular phenomena, may 
summed up in one general deduction, viz. : 

That the reflection of the waves and the attendant 
production of stationary vibrations in the interveni 
medium is the sole determining physical cause of t 
phenomena of attraction and repulsion, and that the 
mere emission of waves without the production A 
stationary vibrations in the intervening medium, would 
be incompetent to produce the effects. 

6. The Physical Conditions of the Equilibrium of 
Molecules.—The equilibrium of a molecule of matter 
therefore simply depends on the equilibrium of 
pressure of the ether about it. If we imagine 
the case of a vibrating molecule of matter com- 
pletely isolated, then the ether would be dis- 
tur uniformly on all sides, and the molecule 
would be in equilibrium. But when a second 
vibrating molecule exists in the neighbourhood, the 
ether is specially disturbed on that side where the 
second molecule exists; the waves are mutually re- 

and stationary vibrations thereby formed in 
the intervening ether. ‘The ether about each mole- 
cule is therefore no longer uniformly disturbed on 
all sides, and the deportment of pe | molecule de- 
pends simply on the fact whether the pressure of 
the rarefied column of ether in stationary vibration 
intercepted. between the opposed molecules is greater 
than, equal to, or less than the normal ether pres- 
sure, the molecules being driven in the one direction 
or in the opposite or remaining in equilibriam aceord- 
ing to the relation of these two pressures, 

7. The pressure of the intercepted vibrating 
column of ether depends on two conditions ; first, on 
the increments of velocity or energy by 
the particles of the column; second, on the number 
of particles, i.¢., the de of rarefaction of the 
column. These two conditions or influences o 
each other; the increments of energy given to the 
particles of the column ‘tend to drive the molecules 
apart, the rarefaction tends to bring the molecules 
together. The deportment of the molecules will 
therefore depend on which of these two opposing in- 
fluences attains the upper hand under existing 
physieal conditions, or whether the two become 
equal. If the increments of energy received by the 
particles of the column predominate, the molecules 
will be urged ‘apart ab tm oer if the rarefaction 
predominates, the molecules will be urged together 
(attraction) ; if the two influences balance against 
each other the molecules will remain in equilibrium. 

8. It is of course conceivable and natural that 
change of distance should influence these physical 
conditions, so that molecules may attract or repel 
at different distances. When the vibrating mole- 
cules are in extremely close proximity, thelateral area 
afforded for the expansion of the intercepted column 
of ether becomes contracted and the increments of 
energy received by the particles of the column 
become more directed against the opposing mole- 
cules, tending to produce a repulsion, Ata — 
distance where more lateral area is afforded for the 
expansion and consequent rarefaction of the column, 
the influence of this rarefaction may predominate, 
causing an attraction. Also variation of vibrating 
period by causing effects of interference, in fact, 
any cause whatever which influences the condition 
of the medium between the opposed vibrating mole- 
cules, such as change of , change of vi- 
brating energy, change of vibrating period, would 
naturally influence the effects, i.e., the phenomena 
of attraction and repulsion, ‘This is precisely 
what is observed in the actual fact, Variation of 
distance has a great effect upon the molecular 
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actions ; variation of vibrating energy (i.¢. variation 
of ‘‘ temperature”) has also an important effect ; 
and variation of vibrating period is influential, as 
illustrated by the great variety of deportment of the 
molecules of different vibrating periods in chemical 
reactions. 

9. The two Neutral Points.—As regards the effect 
| meer by change of distance, there are two fun- 

amental facts of general application and especially 
important. Thus, as a general fact it may be ob- 
served that when two vibrating molecules are ap- 
hed towards each other the first marked effect 
is a repulsion, then by acloser.approach there is an 
attraction, and by a still closer approach there is 
-_ a repulsion. We observe, for example, that 
when two of a solid substance are approached 
to each other, they will not unite but repel. In 
some cases it is possible mechanically to apply a 
sufficient pressure to overcome this first repulsion 
of the vibrating molecules and cause them to unite, 
Thus two freshly cut surfaces of lead may be made 
to unite by pressure, so with india-rubber, glass, 
and various metals, &c., when an adequate pressure 
is employed, Since, therefore, we observe that the 
vibrating molecules repel first, and then attract, it 
follows that a neutral point must exist at a certain 
distance outside either molecule, where repulsion 
changes into attraction. Also, since when the 
molecules are approached not quite up to this 
point, they noon backwards when the pressure is 
removed, and when approached just beyond the 
point they move inet or towards each other, or 
the molecules are urged further away from the point 
when shifted slightly to either side of it; this point 
may, therefore, properly be termed ¢ie neutral point 
of unstable equilibrium (repulsion here changing into 
attraction). 

Again, after the molecules have passed within 
this first neutral point, they then take up positions of 
stable equilibrium and resist an attempt both to 
make them approach into closer proximity or to move 
them further apart, for a solid resists both compres- 
sion and dilatation, or the molecules repel when 
moved ther and attract when moved apart. 
Hence it follows from this that a second neutral 

¢ must exist in nearer to the mole- 


cules than the first neutral paint, et which second 





point the molecules are in stable equilibrium, or the 
molecules are urged ¢owards this point when shifted 
a slight distance to either side of it. This second 
neutral point in nearest ere to the molecules 
may therefore properly be termed the neutral point 
of stable equilibrium (attraction changing here— 
inversely—into repulsion). 

10. Precisely the same effects are illustrated in 
the case of discrete or separate molecules ; or what 
applies to groups of molecules applies to discrete 
molecules. Thus the molecules of gases or vapours 
rebound from each other in free translatory motion 
without uniting, just as solid masses (groups of 
molecules) rebound from each other without unit- 
ing. A mixture of oxygen and hydrogen gases, for 
example, ina ay suited to an explosion, may 
be kept for any length of time without the mole- 
cules uniting. In order that the molecules may 
unite an initial impulse or disturbance is n 
so as to urge a few of the molecules together with a 
sufficient velocity to carry them over the outer 
neutral point in their mutual interchange of motion. 
Any disturbing cause whatever, such as aforcible con- 
cussion, the application of a flame (vibrating yom 
&ec., will serve to effect this; when the forcible 
rarefaction of the intercepted ether column due to 
the close approach of any pair of vibrating molecules 
comes into play, and thus the surplus (normal) ether 
pressure upon the remote sides of the molecules drives 
the molecules forcibly together; the disturbance 
thus set up being sufficient to carry the rest of the 
molecules over the outer neutral point, followed by 
the practically instantaneous combination of the 
entire gaseous mass. 

So in the same way in the case of the combustion 
of coal; the molecules of air are under normal con- 
ditions rebounding from the coal without their 
normal trauslatory motion being sufficient to carry 
them over the outer neutral point. When, how- 
ever, by.some disturbing cause this is effected with 
a few molecules, and the coal has been “ignited,” 
then the flame serves the purpose of increasing the 
translatory motion of the impinging molecules of 
air to such a degree t they are carried over 
the outer neutral point, so that therefore combas- 
tion when once set in becomes a self-acting process. 
The initial relatively feeble repulsion of the vibra- 














ting molecules outside the first neutral point merely 
serves the purpose of preventing combustion from 
commencing spontaneously. 

ll. The Mechanical Adaptability of Vibratory 
Motion to Disturb the Equilibrium of Pressure of a 
Medium.—We have observed that a vibratory motion 
of matter by imparting a surplus of energy to the 
component particles of the surrounding medium is 
well qualified to disturb the equilibrium of pressure 
of the medium. Indeed, on examining the question 
as a mechanical problem a vibratory motion will be 
found to be the only conceivable form of motion 
adapted to such a purpose. For the mechanical 
conditions requiring to be satisfied evidently are 
that the mass or molecule should have such a form 
of motion that it can maintain its position, and yet 
disturb the surrounding medium. It will be evident 
on considering the question that a vibratory form of 
motion is the only form of motion adapted to this 
purpose, for the mass or molecule can thereby 
maintain its position by oscillating about that posi- 
tion, and yet disturb the surrounding medium. 
Hence in a mechanical point of view the vibratory 
motion of matter so constantly presenting itself in 
physical phenomena is a fact extremely obvious and 
to the purpose, 

12. The only conceivable way in which the equili- 
brium of pressure of the ether can be disturbed is by 
affecting the velocities of its component particles, 
and this a vibratory motion of matter is specially 
qualified to do ; and this disturbance of the equili- 
brium of pressure of the ether cannot fail to cause 
movements of masses and molecules of matter im- 
mersed in the ether. 

As these considerations are of great importance 
in their practical applications, we may here give & 
brief summary of deductions arrived at as leading 
inevitably to one conclusion. : 

I. It is an indisputable fact proved by observation, 
that vibrating molecules impart a surplus of energy 
to the surrounding ether. 

II. This surplus of energy when it accumulates, 
as by reflection between groups of vibrating mole- 
cules, must necessarily and unavoidably produce 4 
——— of the intervening ether. ’ 

I. This rarefaction of the ether or the dis- 
urbance produced in it by the vibrations of mole- 
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cules may disturb the equilibrium of pressure of the 
ether, and thereby preduce movements or tendency 
to movement (attractions, &c.) in molecules im- 
mersed in the ether. 

IV. It is an observed fact that vibrations of 
masses in air are competent to disturb the equili- 
brium of pressure of the air, and produce movements 
in these masses (attractions and repulsions). 

V. Since the attractions and repulsions observed 
in the case of molecules vibrating in the ether take 
place with an energy greatly surpassing that of the 
analogous effects observed in the case of masses vi- 
brating in air, it will be absolutely necessary to show 
that two mechanical conditions can be satisfied : (1), 
that the vibrations of molecules take place with an 
energy commensurate with the effects; (2), that an 
adequate ether pressure consistent with highest 
observed static value of the effects of attraction and 
repulsion is possible, consonant with the known low 
density of the ether. The first of these conditions 
is satisfied by the indisputable fact that the vibra- 
tions of molecules sustained by the powerful agency 
of the sun incomparably surpass the relatively feeble 
vibrations mechanically produced in masses. As 
regards the second condition, the existence of an 
adequate ether pressure consistent with the low 
density of the ether may be proved to be a perfect 
physical possibility, indeed the high value deduced 
as a necessary inference for the normal velocity of 
the ether particles renders an intense pressure a 
necessity. 

VI. Since, therefore, the waves generated by 

masses in air are observed to produce distinct effects 
of attraction, &c., it must follow that the waves 
generated by molecules in the ether will necessarily 
produce analogous effects, and that more especially 
considering the far greater energy of the waves 
emitted by molecules. 
_ VIL. Ifno effects of attraction had-been observed 
in the case of molecules, it would, therefore, in 
view of these considerations be legitimate, if not 
necessary, to predict the existence of such effects, as 
powerful effects are the inevitable result of powerful 
causes. 

13. The Static Effects of Waves.—We before alluded 
to the tendency of the theory of “action at a dis- 
tance” as is characteristic of all theories of this 
nature, to divert the attention from rational inquiry, 
and thereby to cause the teaching of physical facts 
to escape a due appreciation. We have surely a 
striking instance of thishere. For it is a recognised 
fact that the sun is giving off an enormous intensity 
of wave energy, the surplus of energy imparted to 


the ether by every square foot of the sun’s surface 
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amounting to no less than 1727 foot-toms per second, 
and this wave energy on reaching the earth still 
possesses a great power (amounting to rather over 
one horse power per square yard of the earth’s sur- 
face—the equivalent of 0.00728 in. of ice melted 

er minute as determined by Herschel and Pouillet). 

he ether waves next the earth’s surface (the waves 
of heat emitted by the sun) are therefore working 
up to no less than one horse power for every square 
yard of the earth’s surface directly exposed to these 
waves; so that in fact one of the most intense 
energies we know is vibratory motion, and this 
surplus of wave energy throws the molecules of 
matter into an intense state of vibration and is 
reflected hither and thither among the groups of 
molecules upon the earth’s surface, ucing 
necessarily a rarefaction of the intervening ether. 
Yet it would be assumed that this forcible disturb- 
ance can exist in the ether without disturbing its 
equilibrium of pressure in the least (which would 
be necessarily attended by molecular movements) ; 
whereas it is an observed fact that in the case of 
the incomparably feebler disturbance produced in 
the air by the waves generated by vibrating masses, 
tuning-forks, &c. (even when merely stroked with a 
violin bow) the equilibrium of pressure of the air is 
palpably disturbed and distinct movements of 
masses (phenomena of “ attraction,” &c.) produced. 

In fact, one of the most fundamental and im- 
portant effects of waves, viz., the static effects 
(due to the disturbance of the equilibrium of pres- 
sure of the medium) would be entirely ignored in 
the case of the ether. Surely any impartial in- 
quirer must admit that we have here an instance 
of a most productive field for research practically 
closed under the influence of a vague theory, a 
theory which it is not too much to say ri in 
vagueness the celebrated theory of ‘‘ phlogiston” 
which ruled science and obstructed pro for a 
century. If it be professed that the theory of 
‘+ action at a distance” is nominally abandoned in the 
present day, the above considerations would never- 
theless distinctly indicate that in actual practice 
care is necessary lest this theory unwittingly still 
have an influence to check the spirit of inquiry, and 
thereby cause the teaching of nature to escape a 
due. appreciation. 


THE BARRAGE OF THE NILE.—No. III. 
A CAREFUL consideration of the whole of the con- 
ditions affecting the problem of improved irrigation 
for Lower Egypt has led us to the conclusion ex- 
ressed in a former article that the engineer of the 
ferrage was fully justified in proposing such a 
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work and in placing it where he did. We have yet 
to trace the original cause of the non-success of the 
existing structure. 

In 1853, on the occasion of a change of engineers, 
a Commission was appointed to report upon the 
barrage. At that time the expenditure, without 
reckoning forced labour, na nearly reached 
2,000,000/., and yet the work was anything but 
complete. It was reported that the béton founda- 
tion was far from perfect, whether placed on the 
rubble mound or on the sandy bed of the river, and, 
further, that there were many springs bubbling up 
at points where the béton was unsound. is un- 
satisfactory result admits of easy explanation in 
the great pressure which was brought to bear upon 
the engineers to put in the foundation in an im- 
practicably short period of time. 

The Viceroy insisted upon the subaqueous work 
being completed during the Low Nile of 1847, and 
to do this it was ne to deposit the béton at 
the rate of about 2700 cubic yards per day—a rather 
difficult task for Orientals it will be admitted, when 
it is remembered that the best year’s work on the 
concrete breakwater at Aberdeen was but 19,809 
cubic yards, which quantity the Viceroy required 
to be done in a week. There was no less difficulty 
in dealing with the excavation. The Nile did not 
fall so rapidly in 1847 as in the previous year, and the 
dredgers could not work with efficiency in the in- 
creased depth of water. Again, the spoil was de- 
posited too near the excavation, and the pressure of 
the spoil bank, some 26 ft. in height, not merely led 
to slips and consequent delays, but squeezed up the 
bottom of the trench formed for the béton and 
burst in the sheet-piling surrounding it. The en- 
gineer attributed these accidents and delays to 
the want of sufficient men to carry the spoil 
further off. The Viceroy responded by offering to 
give him 15,000 men, and issued instructions for 
that number to be taken from the 80,000 men then 
engaged in excavating the three great canals form- 
ing a part of the barrage project. Of these some 
8000 arrived on the morrow, but there was no room 
for them to work, as the quantity to be moved was 
but 38,000 cubic yards. M. Linant states* that the 
Viceroy was much enraged with the engineers and 
expressed his regret that M. Linant’s original plan 
of making the barrage in a dry trench on the 
and diverting the river towards it after completion 
had not been adhered to, 

The same unreasonable hurry nevertheless con- 
tinued to be enforced. Before the foundation had 

* Travaux d’utilité Publique exécutes en Egypte. Par 
Linant Bey. Paris, 1873. 
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been properly completed and tested the Viceroy 
ordered the superstructure to be pressed on with. 


There was no alternative but acquiescence or resig- 
nation ; the engineer chose the former and proceeded 
with the brick and stone viaduct and its ornamental 
turrets and pretentious mouldings, knowing full 
well that the whole thing was a sham, standing as 
it did upon quicksands and rotten béton. 

Shortly afterwards a lull in the itemient super- 
vened, but the evil was then too di rooted to be 
affected thereby. The work was continued slowly 
and the sluices or gates intended to be worked by 
compressed air were fitted to the arches of 
Rosetta barrage. These sluices were unanimous! 
condemned by the International Commission whi 
visited Egypt in 1856 with reference to the Suez 
Canal, and their condemnation has been justified, 
for the compressed air element was at once aban- 
doned, and even now the visitor to the barrage may 
be amused to find half a dozen patterns of winches 
and gear in operation, showing that the most con- 
venient mode of manceuvriug the heavy sluices has 
yet to be determined. 

In 1861, the barrage, though nominally long pre- 
viously completed, had never been submitted to the 
actual test of a head of water, but in that year 
another Commission was appointed to ascertain if 
the state of the work was such that the sluices 
might be safely closed and the desired head of water 
be established. It was advised thatcertain portions 
of defective béton should be reconstructed, that the 
springs should be stopped, and that if the water 
were found to leak through the rubble mound upon 
which a portion of the Rosetta barrage rests, proper 
steps should be taken to stop the percolation, 

Another Commission wad appointed in 1863, but 
they did little more than report that no notice had 
been taken of the recommendations of the former 
Commission. ‘They were, however, so satisfied.of 
the instability of the work that they advised the 
stoppage of the excavations for the great canals 
until the barrage itself had been satisfactorily tested. 
His Highness the present Khedive shortly after- 
wards furnished the engineers at the barrage with 
a diving-bell boat and other appliances for ex- 
amining and repairing the foundations, but no very 
active use appears to have been made of them. 

Soon after the commencement of the superstruc- 
ture there were indications of cracks in the left-hand 
arches of the Rosetta barrage, but these gave no 
grounds for anxiety until the High Nile of 1867, when 
a considerable extension of the damage occurred, and 
there was an evident tendency exhibited on the part 
of this portion of the work to slide down stream. 
At Low Nile, also, when the sluices of the Rosetta 
barrage have been lowered, and the openings in 
the Damietta barrage closed with sheet piling, a 
dangerous increase in the activity of the springs in 
the river bed has occurred, and sand has been 
carried away, and cavities formed under the 
foundation, although the originally intended 
head of 15 ft, has never been so much as approached. 
Thus taking as an example the observed heights of 
the Nile above theoretic low water during the year 
1874, we find the difference of level above and below 
the sluices, or in other words, the head of water 
pouing against the Rosetta barrage, varied as 
follows ; 





} | ‘ ons 
oes se Height of |Difference of 
Date. | Height of Nile & ce 0 





Nile below vel in 
jabove Barrage. Barrage. Feet. 
ft. in. ft. in. ft. in. 

March 12, 1874) 8 0 | 21 5 11 
2 fd 7 7 | 2 0 5 7 
ae, ae . ae. | 110 5 5 

April 2, ,, 6 11 1 8 5 8 
” 9, ” 6 7 1 6 5 1 
o» 16, » 6 3 1 4 411 
” 23, ”” 6 0 1 4 4 8 
” 30, ” 5 9 1 8 4 6 

May 1i4, ,, 5 3 10 43 
» 82, 55 5 0 1 0 4.0 

Jane 11, ,, 45 0 9 3 8 
ae wee § 11 1 8 48 
pA En te 6 3 3 9 26 

July 8, ,, 7 4 49 27 
ee 7 4 6 6 0 10 
oo Gh os 9 0 8 9 03 
oo 9, ns 12 5 12 2 0 8 

August 5, ,, 19 0 18 8 04 














The year 1$74 it may be remembered was that in 
which the Nile rose to the exceptionally great height 
of 27 ft. 1G in., and thus threatened the destruction 
of the whele of the cotton and other valuable stand- 

ang cropg of Lower Egypt. Thousands of mep 


were stationed night and day along the river watch- 
ing the rise of the water, and raising the banks 
where necessary to guard against the destructive 
inundation of the adjoining lands. Had the Nile 
topped the banks the whole country would have 
been submerged to a depth of from 6ft. to 12 ft., 
and not only would the standing crops have been 
destroyed but the land would have been unfit for 
cultivation for many months afterwards. Happily, 
through the energy of the Khedive, this catastrophe 


Since proved that the dreaded High Nile of 1874 


the | was after all but a blessing in disguise. 


There was nothing exceptional in the manage- 
ment of the barrage sluices during the year 1874, 
and consequently the figures in the first column of 
the preceding Table give a fair idea of the degree of 
suecess achieved by the works when it is remembered 
that the intended minimum height above barrage 
was 15ft, A‘very careful watch is established to 
prevent any backing up in excess of that exhibited 
in the Table. Immediately upon indications of the 
annual rise of the Nile having commenced, the sheet 
piling closing the 71 arches of the Damietta barrage 
is gradually withdrawn and then the 6] iron sluices 
of the Rosetta barrage are successively raised. 
Thus, as an illustration of the care which is taken 
to obviate all risk of undue pressure, we may 
state that the level of the Nile last year at 7 a.m. 
on July 16 was 8 ft, above zero on the upper side 
and 2 ft. 1 in. on the lower side of the barrage, a 
difference of level of 5ft.llin. During the suc- 
ceeding 36 hours 12 sluices, or one-fifth of the 
whole, were raised with a consequent lowering of 
the level above barrage to the extent of 1 ft. 6 in. 
and a raising of the level below barrage as much as 
2 ft, 6 in., thus reducing the difference of level or 
effective head on the works from 5 ft. 11 in. to 
] ft. 1] in. in the short space of a day and a half and 
with a rising Nile.+ 

It may be remembered that the original intention 
of the engineer, 4s expressed in the account of the 
work written during its progress by himself and 
cited by us in our first article, was to have placed 
the bottom of the great irrigation canals having 
their headworks immediately above the barrage, at 
the level of 6 ft. 7 in. above Low Nile. A glance at 
the first column of our figures will show that if 
such intention had been adhered to, the surface 
level of the river would have been de/ow the bottom 
of the canals throughout the whole of April, May, 
and June, and consegently during those months 
not a drop of water could have entered the said 
main canals. Since the object of the barrage was 
to afford facilities for the cultivation of valuable 
summer crops, such as cotton, sugar, and rice, which 
require watering every week or fortnight, it is 
obvious enough that the work as it stands would 
have been practically useless had not the original 
scheme for the canals been amended to compensate 
in some degree for the partial failure of the other 
portion of the project. Even with the present 
increased depth of excavation the quantity of water 
flowing down the canals during the summer months 
falls far short of the desired amount. Thus the 
intended minimum flow down the Central or Me- 
noufieh Canal which irrigates the lands of the 
Delta between the two arms of the river, was 3200 
cubic feet per second, whilst the actual flow in 1874 
ranged from 950 cubic feet at the beginning of 
April, to 540 cubic feet in May, and to as little as 
360 cubic feet in June. On the 30th of July, 
though the height of the Nile was but 12 ft. 5 in., or 
appreciably below the originally intended backing 
up of 15 ft., the flow down the same canal was no 
less than 4500 cubic feet, whilst on the 5th of 
August it had further increased to 6200 cubic feet 
per second, or nearly double the intended and 
seventeen times the actual minimum flow. 

Similarly the western or Behera canal, which was 
intended to supply a minimum quantity of 1900 
cubic feet per second, failed to furnish more than 
220 cubic feet in June, although on the 5th of 
August the flow was no less than 3950 cubic feet. 
These figures show conclusively that even a far 
larger quantity than that ———s proposed could 
be utilised by the lands of Lower Egypt if the Low 
Nile might be relied upon to furnish it, which recent 
observations lead one to doubt. Itis the more to 
be tted, therefore, that full advantage cannot 
be tabeh of the supply which the Nile can furnish 


even on the worst day of the worst year. It was 
intended to throw into the canals a minimum 
quantity of 8200 cubic feet per second, or about 





two-thirds of the lowest discharge of the Nile, but 


was averted and the heavy crops of last year have}! 


as we have seen the actual supply is sometimes ‘as 
little as 580 cubic feet. As a consequence the 
irrigation of the summer crops of Lower Egypt is 
still largely dependent upon sakiehs, shadoofs, and 
other mechanical appliances for raising water at the 
extravagant cost in practice of one-half of the value 
of the crops. 

The facts adduced in the present article will enable 

to form a fair and unprejudiced estimate of the 

gree of success achieved by the present barrage. 
We shall not be far wrong if we assume that by 

eans of the latter work an average supply of 
1200 cubic feet of water per second is thrown into 
the canals of Lower Egypt during a period of 
eighty days ata level 5 ft. 3 in. higher than it could 
have been if the barrage had not been constructed, 
The total qusssity of water thus delivered at a 
higher level will be about 300 millions of cubic yards, 
and assuming that at this low lift about 2000 cubic 

ards of water could be raised by shadoofs for 1/. 
it follows that the value of the annual work so 
superseded by the barrage is 150,000/. 

But the work done is obviously well within the 
capacity of steam-pumpingengines, so itis desirableto 
considerthe cost of that alternative. Messrs.J.andH. 
Gwynne’s colossal pumping machinery for draining 
the Ferrara marshes includes, it may be remembered, 
eight centrifugal pumps with delivery pipes 4 ft. 
6 in, in diameter, which together throw 73,000 cubic 
feet of water per minute to a mean height of 7 ft. 3 in. 
Our work is 72,000 cubic feet to a height of 5 ft.3in., 
so considerably less power would suffice. Assuming 
the efficiency of the machinery to be 60 per cent. we 
require exactly one indicated horse power for each 
cubic foot of water per second, and’since the cost of 
the engines,. pumps, headworks, culverts, and ac- 
cessories would be about 40/: per indicated horse 

wer, whilst the annual cost of the fuel for eighty 

ys steaming together with the charges for general 
superintendence, rénewal find, and sundries would 
amount to some 8/. per indicated horse power, we 
may conclude that for a sum of 15,000/. per annum 
the same work could be done as by shadoofs for 
ten times that sum, or by the present barrage upon 
which M, Linant said nearly 2,000,000/. had been 
expended as long ago as 1853, Although the irri- 
gation now provided could have been done far more 
economically by good pumping machinery than by 
the construction of the barrage, it must not be for- 
gotten that the present service is totally inadequate 
to the requirements of Lower Egypt, and that the 
apparent advantage would at once disappear if the 
full supply of water were called for. 

It is clear, therefore, that the temptation to close 
all the openings of the barrage and obtain a reten- 
tion of some 12 ft. to 15 ft. must be so strong that 
only a very full appreciation of the possible 
resultant injury to the works would enable the 
authorities to withstand it. The cause for alarm 
might be found either in the superstructure, the 
sluices, or the foundations ; we must, therefore, pass 
each of these portions of the structure in brief re- 
view before us. 

Superstructure.—A very slight examination of the 
cross-sections and other detailed drawings of the 
barrage, published with our first article, would suffice 
to satisfy most engineers, that if properly executed 
the brick and masonry superstructure or viaduct 
must be capable of sustaining with safety a con- 
siderably greater head of water than it could ever 
be called upon to endure in practice. The weight 
of one bay of the structure, that is to say of the 
pier 33 ft, long, by 6 ft. 7in. thick, and of the 
16 ft. 5in, span arch, with its spandril filling and 
superimposed roadway, is about 700 tons, whilst 
the pressure of water acting against one bay with 
the assumed retention of 15 ft. would be but 70 tons. 
The centre of pressure on the foundation would 
thus be shifted but 6in., by reason of the viaduct 
acting also asa barrage, and it is needless to re- 
mark that this is a perfectly inappreciable amount 
in a pier 33 ft. long exclusive of cutwater. What- 
ever influence we may be inclined to attribute to 
the dynamic action of the greatest floods of the 
Nile, or to the ‘* ground swell” below the sluices, we 
must admit that with the proportions given there is 
an ample margin for all contingencies. The — 
way provided by the openings of the barrage for 
the of an exceptionally High Nile, such as 
that of 1874, is 75,000 square feet in area, whilst at 
Kasr-el-Nil Bridge, some 12 miles higher up the 
river it is about 70,000 equare feet. With the 
former area the average velocity of water through the 
arches of the barrage will not exceed four miles per 





hour—a velocity surpassed on many unobstructed 
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reaches of the river—hence, we must admit that 
both as regards strength and general dimensions the 
engineer has dealt liberally with the superstructure. 
It only remains to add that there is no reason, to 
believe the execution of the masonry to be otherwise 
than sound and workmanlike, and we must con- 
sequently seek elsewhere for the weak point of the 
barrage. 








PATENTS IN AMERICA 

Ir appears from the annual report of the United 
States Commissioner of Patents, which has just 
reached us, that there were 21,638 applications 
during the year 1875. Of this number 14,837 (in- 
cluding reissues and designs) were granted. These 
figures show a slight increase over those for the 
previous year, and are the highest ever known. The 
number of trade marks and labels registered was 
1138 and 313 respectively. The total receipts of 
the office were 743,453 dols., which is made up as 
follows: Amount received on applications for 
patents, reissues, designs, extensions, caveats, dis- 
claimers, appeals, and trade marks, 670,180 dols. ; 
copies of specifications, drawings, and other papers, 
45,380 dols.; recording assignments, 18,912; sub- 
scription to the Official Gazette, 6646 dols.; 1e- 
gistration of labels, 2334 dols. The expenditure 
reached 721,657 dols, thus leaving a surplus of 
21,796 dols. This, added to the surplus accruing in 
former years gives, 886,909 dols. as‘ the balance in 
the Treasury of the United States on account of the 
Patent Fund.” This, however, is, like the patent 
surplus in this country, nothing but a “ phantom 
fund,” as it has been called. The principal items of 
expenditure are: salaries, 430,218 dols.; photo- 
lithographing drawings, 114,309 dols. ; illustrations 
for the Oficial Gazette, 49,428 dols. ; tracing draw- 
ings, 34,972 dols. ; stationary, 16,600 dols.; cases 
in model rooms, furniture, &c., 20,000 dols.; pay of 
temporary clerks, 29,512 dols.; and miscellaneous 
disbursements, 11,765 dols. Following the example 
of former years the Commissioner gives a table 
showing the number of patents granted to residents 
of the different states, territories, and foreign 
countries during the year. It is interesting to 
notice the wide differences which exist. For instance, 
in Idaho Territory only one patent was granted, 
the population being 14,999. Against this we may 
put the State of New York, where 3771 patents 
were issued, being in the proportion of one patent 
per 1163 inhabitants. 

The density of the patent-taking population is 
greatest of allin the District of Columbia, where 
1 person out of every 615 appears to be a patentee. 
This, however, can hardly represent the inventive 
activity of the district, and the high proportion is 
probably due to the fact that many inventors ac- 
quire a temporary domicile in Washington for the 
purpose of prosecuting their appiications. The ab- 
solute number of patents taken out is small, reach- 
ing only 214. New Mexico Territory contributes the 
smallest proportion of patents, there being only 1 to 
every 37,101 inhabitants, The agricultural states do 
not, as might have been expected, make much show. 
Only 31 patents (i to every 32,161) come from Ala- 
bama. North Carolina contributes 37, or 1 toevery 
28,956, and South Carolina sends 46, or 1 to each 
17,513 persons. To the statistician the table is full 
of interest. The staff of the office consists of 96 
examiners of various grades, and the Commissioner 
recommends the appointment of 12 more, or he 
“must view with dismay” the arrears of work 
which will accumulate. One of the good features 
of the Official Gazette alluded to in the report is 
the publication of the decisions of the Commissioner 
of Patents and of the United States courts in patent 
and trade-mark causes. The publication of the back 
issues Of patents proceeds gradually, but the Com- 
missioner urges upon Congress the absolute necessity 
of making larger grants for this purpose. The let- 
ter-press is printed as far back as November, 1866. 
The office is rapidly outgrowing the accommodation 
which the building affords, especially in the model- 
rooms. About 10,000 rejected models were removed 
in consequence ‘ to an open space under the roof of 
the west wing of the Patent Office building. The 
floor of this attic and the model-shelves are com- 
posed of rough boards, and the place itself is very 
difficult of access, The trouble increases yearly, 
and if no provision can be made for relief in this 
regard it will be necessary to do away entirely with 
models,” 

The report concludes with some very interesting 


space of 10,000 ft. has been assigned for the exhibi- 
tion of models of American inventions, illustrating 
the more important and useful industries. ‘The 
task of selection will be a difficult one, for it appears, 
for instance, that no less than 2295 patents have 
been granted for sewing machines and their attach- 
ments between 1790 and 1873. There are 2451 
patents for ploughs, 2244 for harvesters, 1391 for 
churns, 1483 for lamps, and even 645 for beehives. 
The report under notice is carefully drawn up, but 
we observe one or two glaring inconsistencies, the 
number of patents issued being put at 14,837 in one 

lace, whilst on the next page it is said to be 16,288. 
ft would appear also that whilst 38 patents were 
extended there were only ¢wo applications for ex- 
tension. The issues of patents to subjects of Great 
Britain, France, and other foriegn countries, are 
also variously stated. 


THE CONCENTRATION OF SULPHURIC 
ACID 








THE sulphuric acid of commerce (H? SO‘) is a 
clear colourless liquid with a specific gravity of 
1.845. The common method of manufacturing it 
is as follows: Sulphur is burnt slowly on the sole 
of a furnace composed of iron plates. Any desired 
number of these furnaces may be grouped together, 
and upon the sulphur are placed at intervals iron 
pots containing a mixture of nitrate of soda and 
sulphuric acid, and from which as combustion 
proceeds, nitric acid is evolved. This, mingled 
with the vapours rising from the sulphur, is col- 
lected into a large conduit and passes into a leaden 
chamber, where the reaction takes place. These 
chambers are of very large dimensions, from 100 ft, 
to 200 ft. in length, 30 ft. wide, and from 10 ft. to 
15 ft. high. ‘the mingled nitric and sulphurous 
vapours on entering the chamber are agitated and 
forcibly mingled by the aid of steam jets, which, 
moreover, supply moisture necessary for the rapid 
completion of the preliminary process. Thus 
mingled, and at a temperature of about 200 deg., 
the nitric acid converts a portion of the sulphurous 
into dilute sulphuric acid, and is itself converted into 
nitrous oxide, which, mixing with the air in the 
chamber, is again changed into nitrous per-oxide, 
which reacts upon another portion of the sulphurous 
acid, forming sulphuric acid and nitrous oxide, and 
this process goes on continually repeating itself, 
the dilute acid falling upon the floor of the chamber 
with a density of about. 1.35. 

It may be convenient here to remark that there are 
three scales by which the density of sulphuric acid 
is reckoned.. The first is simply that of specific 
gravity. The second mode is according to the 
Beaumé scale, which is regulated by a hydrometer, 
so constructed that when immersed in water at a 
temperature of 53 deg. Fahr. it sinks nearly to the 
top of the instrument and marks the’ zero on the 
scale, It is then immersed in a solution of 15 parts 
of salt and 85 parts of water, the density of which 
is about 1.116, and the point to which it rises is 
marked 15. The space between this latter and the 
zero is equally divided, and similar divisions are ex- 
tended on the instrument, as far atleast as 66, which 
is the maximum for sulphuric acid, and corresponds 
to about 1.845 specific gravity. The third scale of mea- 
surement is by Twaddell’s hydrometer, in which thé 
scale is not equally graduated, but the divisions corre- 
spond to equal differences according to specific gravi- 
ties. From the chambers the weak sulphuric acid is 
run off in open gutters to leaden pans, where a preli- 
minary concentration takes place, and the density is 
raised from 1.35 to 1.70(60 Beaumé). But to bringthe 
acid to the commercial density of 1.845 it is neces- 
sary to abandon the use of lead, which begins to be 
attacked by the boiling acid at about 60 or 62 
Reaumé, and resort to the use of platinum, which 
remains untouched by it. The alembics em- 
ployed for this purpose are very costly, ranging in 
price from 1800/. to 3000/., and although the acid 
does not attack the metal, a constant waste goes on, 
which represents a considerable loss. Moreover, 
the first cost of establishment is very large. These 
alembics are placed over suitable furnaces, and heat 
is applied until nearly all the remaining water is 
driven off in the form of acid-laden vapours, which 
are led back to the chamber, condensed, and ulti- 
mately brought back to the alembics for concentra- 
tion. When the acid has reached the density of 
1.845, its boiling point rises to 620 deg. Fahr., 
and at this temperature it begins to distil itself. 
Care, however, is taken to avoid this, and the acid 


tinum immersed in water. When cool enough the 
acid is placed in carboys for sale, 

The enormous cost of platinum, which by the way 
has scarcely any other re in industry than 
for these alembics, has for a long while past led 
to many investigations and experiments, having for 
their object the substitution of an efficient and 
much cheaper metal, It is true that glass retorts 
have been very largely employed for concentrating 
purposes, but the material is too uncertain and too 
liable to break, to render it suitable. Lead is indeed 
the most promising substitute, and but for the fact 
that it is attacked by the heated acid at high den- 
sities, no difficulty would be. met with in its use, 
Many experiments—some of them on an extensive 
scale—have been made with leaden concentrating 
vessels, but none, except that we illustrate on the 
following page and on page 150, have met with any 
marked success. One of the most promising methods 
was the concentration of the acid in vacuo. Con- 
céntrated sulphuric acid, as has already been stated, 
boils under atmospheric pressure at a tem 
of 620 deg., but in vacwo this temperature falls to 
about 380 deg. As leaddoes not appear tobe attacked 
at a temperature under 400 deg., the metal would re- 
main uninjured. Practical difficulties in working this 
process were encountered, and it was therefore 
quickly abandoned. 

For some years past MM, Faure and Kessler, of 
Clermont-Ferrand (Puy-de-Déme), France, have 
carried on experiments in concentrating sulphuric 
acid, in which a certain amount of platinum is em- 
ployed, but the quantity is reduced to a minimum, 
the form adopted being that of shallow circular pans 
enclosed in leaden chambers, In the earlier forms 
of this apparatus, rectangular chambers were em- 
ployed, but this arrangement was found to have 
disadvantages, and the system shown in cur illu- 
stration was adopted. The sections onthe adjoining 
page show clearly the construction of the complete 
eppeeaien, and from these it will be seen that two 
shallow circular basins are employed ; the bottom of 
these being placed over corresponding openings in the 
furnace, and-they rest upon iron rings laid on the top 
of the brickwork, the pans having a set-off all round 
to take a bearing. Each of ‘these basins is entirely 
enclosed within a leaden bell or dome of the form 
shown (in later arrangements this was somewhat 
modified as we shall see further on), A concentra- 
ting arrangement with two basins is shown in the 
sections, The basins are 28 in, in diameter and 
7 in, in depth, and the upper edge of: each is 
turned over,so as to form a lip. Underneath this 
lip is a leaden ring or flange which forms a 
contact with the platinum, and is the inner 
boundary of a shallow circular dish with tapering 
sides. ‘The upper part of this dish is formed with 
two concentric vertical flanges, which enclose an 
annular space between them, and this being filled 
with water, forms the hydraulic joint which seals the 
bottom of the bell. The leaden dish is supported 
by an iron ring, carried by a number of adjustable 
supports, and asecond ring is by preference in- 
troduced underneath the lowest part of the dish, 
in order to stiffen it, this ring being held in place by 
wedges resting on the brickwork of the furnace, 
Or the ring may be dispensed with, as its only 
function is to.stiffen the lead, which has practically 
no weight to carry. The bells are 39} in.. in 
diameter outside, and are formed with annular water 
spaces divided into three tiers. Between each tier 
an iron band is placed around the bell, stiffening it, 
and affording the means of attachment to the verti- 
cal standards carrying the whole weight, The 
total height of the cylindrical portion is 53} in., and 
the bell is completed by a coned top, terminating in a 
short tubular opening. Around the top of the cone 
is an hydraulic joint, in which rests the lower part 
of the tubing, which carries off the heat of the 
vapours rising from the basins to the chambers, By 
means of a steam jet placed in one of these 
pipes, an induced current of air passes under 
the lip of the platinum basin, aud promotes the 
exit of the vapours from the bell, A stream 
of water is kept constantly running over the top of 
the bell, and falls into the upper annular space 
around it ; thence it falls into the second and after- 
wards into the third, from which it escapes, By 


means of this constant circulation, the sides of the 
bell are kept cool, and the vapours from the basins 
are freely condensed, and fall down into the lowest 
part of the leaden dish around the basin. An over- 
flow pipe is provided for the escape of the dilute 
acid thus produced, so that it is never allowed to 








— of the intended contribution of the 
atent Office to the Centennial Exhibition. A 





is run off from the alembic by a syphon, passing into 
a refrigerator, consisting of pipes, or coils of pla- 





rise beyond a height sufficient to make an hydraulic 
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joint, through which however the air can 

, induced by the jet of steam. The 
owl are placed at different levels, one 
being about 4} in. lower than the other, 
and a platinum pipe connects the first 





basin with the open lead concentrating 
pans, 8 ve, 9 platinum forms a 
communication between the two basins, 
and a third one provides an exit for the 
concentrated acid. ‘The process is there- 
fore a eontinuous one, as the acid flows 
into one basin with a density of 60 deg., 
and from the other at 66 deg. 
But the amount of work performed by 
the two basins is not equal, as the evapora- 
tion proceeds quite freely in the first one, 
and the condensed vapours form waters 
of very low specific gravity. But as the 
acid rises towards its final strength, it 
yields its remaining constituent parts of 
water with difficulty, uiring greatly 
increased heat to effect this object. The 
density of the dilute acid escaping from 
the second concentration ranges from 
35 deg. to 40 deg., and the amount of 
coal required to fully concentrate one ton 
of acid is 5 cwt. By this continuous 
process of Messrs. Faure and Kessler 
6 tons of acid at 66 deg. can be 
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produced in twenty-four hours, and the 
work can be carried on as efficiently 
though not so economically in one basin 
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as in two. 











On page 150 we publish a ive 
view of a somewhat i arrange- 
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ment of the plant, this modification re- 
presenting the latest improvements in- 
troduced by MM. Faure and Kessler, 
In this illustration 4 represents the 
cylindrical portion of the bell, which is 
only about 16 in. in height, a is the coned 
top, ¢ and d the hydraulic joints at 
bottom and top of Tes vely, and 
e are the pipes carrying off the uncon- 
densed vapours, The various pipes supply- 
ing the condensing water and carrying it 
off, the discharge Pipe for the dilute acid, 
and that leading the concentrated acid 
from the basins to the refrigerator, are 
all clearly indicated. This refrigerator is 
shown at #, and from it the cooled acid 
runs into the reservoir m, whence it is syphoned 
into the carboys. The apparatus illustrated has two 
platinum basins 29} in. in diameter, and is able to 
produce 7 tons of acid per day. 

The refrigerator referred to is also designed by 
Messrs. Faure and Kessler, and is made of lead, in- 
stead of being for the most part of platinum. In 
its most improved form it consists of a leaden vessel, 
divided about half way of its depth by a horizontal 
leaden partition. Below this is placed an annular 
leaden chamber, the space around this chamber 
being kept full of water. Above the ition is a 
coil of flat leaden tubes through which water also 
circulates. In the middle of this coil is a vertical 
platinum tube, an extension of that leading from 
the second basin, The hot acid runs through this 
tube, and falls into a porcelain cu resting on the 
lead ition before spoken of. Here it is partly 
cooled, and overflowing the cup comes into contact 
with the lead, the temperature of which is kept 
down by the circulating water. As the acid rises in 
the upper part of the leaden chamber, it overflows 
into the annular in the lower part, and is 
finally cooled. This arrangement appears to work 
with tolerable success, although it would seem diffi- 
cult to prevent the acid from being clouded by sul- 
a of lead, created from the contact of the 

eated acid with the lead, and without an ample 
supply of cooling water it would evidently become 
quickly destroyed. 

But as regards the efficiency of the concentrating 
apparatus there can be no doubt, as it has been so 
largely tried on the Continent, and in this country 
~ is now —_ By marked success at Messrs. 

uspratt’s chemical factory, Liverpool. As to the 
im ce of substituting a cheap material like 

for so Sth: SS 3 there can be 
no doubt, and MM, Faure and Kessler, in their ap- 
paratus, ap to have entirely removed all the 


seer i a0 
objections to the use of lead, which have hitherto 
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APPARATUS FOR THE CONCENTRATION OF SULPHURIC ACID. 
CONSTRUCTED BY MESSRS. FAURE AND KESSLER, CLERMONT-FERRAND, FRANCE. 
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JAPANESE TIMBER. 


To rue Eprror oF ENGINEERING. 
Srr,—My friend Professor R. H. Smith (Professor of 
i ing in the Imperial University of Tokio, Japan), 
been ing an extensive series of experiments 
and icity of Japanese timber, and has, 
I believe, obtained from them some very interesting results 
which I hope he may be able to communicate to you when 
the experiments are completed. In a letter received from 
him a few days since he describes an experiment which 
may interest your readers, and in compliance with his re- 
quest I have pleasure in sending it to you herewith. 
Your’s truly, ‘ 
Auex. B. W. Kennepr. 
University College, London, W.C., 
January 31, 1876. 
thing I am pretty certain of, viz., that the 


quality of our timber does not deserve the wholesale con- 


has recently 








had to be shifted a little, owing to its having got into an 
awkward position on the tray, the load was not finally 
settled until about quarter of a minute had elapsed. The 
ion was automatically recorded by a pencil on a piece 
<1e . This deflection ily inct , 
I noticed the deflection corresponding to each time by 
moving the board along 2} mm. every quarter of a minute, 
i.e, 10mm [ates pe e curve, of course, was steep at 
first and bent round with tolerable sharpness at first. In 
two or three minutes, however, it became a simple straight 
line, inclined obliquely upwards. That is, the rate at which 
the deflection Poa = time we at -_ of a, 
large and ‘very rapidly became less, and in a sho’ 

while became uniform an considerable. I send you a 
tracing of the curve. You see this uniform rate was kept 
ap Se in fact, until about one hour thirty- 

six minutes the beginning of the experiment. Then 
a slight andible crack took place, and from that point the 
rate of increase of deflection with time steadily increased 
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Bie 
annual ring 4mm, A load of 350 was 


the horizontal distances eae See the vertical o: 
the load which was first laid on after it had remained 


demnation so contemptuously expressed by most foreigners 
who pretend to know about it. Some days agoI made a 
most in ing experiment a bar of wood, 2 in. 
square by 3ft.4in. It was lai izontally between sup- 
ports, and the load was h at the centre. I guessed as 
well as I could (and it ee a 





prevented its employment. We may mention that 
these manufacturers are represented in England by | 
Mr, A. Savée, of 22, Parliament-street, London. 





the weight which would break the sufficient time 


were given. It was 350 kilos. This was put on suddenly, 
- i a ee end i 


. The process of putting 
ey cter ec miei buns anef ae wanes 











17 minates afterwards the bar finally gave way. The dotted linc isa straight one drawn to 
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Sawa-Kari (chestnut tree without nuts); Section 49mm. by 49.5mm.; distance between supports 1 metre; mean thickness of 
on in less than a quarter of a minui 
rdinates defi 


but th possible. In the diagram 
- ‘never inaveaned, the bar breaking with 


ection, The was never 
on for 1 hour 53 minutes. At the point A a slight crack took place, and 
show how steadily the in- 


until, at one hour fifty-three minutes from the beginning, 
the bar broke. You understand that no further 
was put on ‘after the 380 kilos. which were applied at 
first, and we carefully avoided touching the bar or 
hing that might shake or shock it. I think the 
ne 


most interesting 0’ , and I do not remember having seen 
one of thin character e before. The of the curve are 
upon the diagram RES 
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—<S Seeing fF 
The machine giving a light of 8000 Carcel lamps is more 
simple, as it has only a single series of conductors and 


small bobbins and two electro-magnets only. The follow- 
ing are its leading dimensions : 


Electro-Magnets : : 
onan ene on -" eee his in. 
Diameter of coil... ine 4.72 ,, 

» . of wire pd pt cco? S QED: be 
Weight of copper around each electro- 
MAGNE... 9 00 tke gee, ees LSD. 

Bobbins : : 
Outside diameter of soft iron ring 6.61 in. 
Inside ” ” 4.84 ” 
Width of soft iron ring... 3.97 ,, 
Outside diameter of bobbin oo “AGE % 
Inside pa to ue osu 40S ‘x 
Diameter of wire ie al ee -007 ,, 
Diameter of conductor cylinder # SS, 

a wire to lamp ooo 084 ,, 
Maral h including pull 25.6 

lengt 0 ey «.. B=; os 

ao ae” oot bee eee oo. 130.93-,, 

» width 16.14 ,, 


The large machine supplied a lamp made at the works of 
M. Gramme with carbons of .123 square inches in section ; 
the lamp for the smaller machine was made by M. Serria 
with carbons of similar dimensions. 

The following Tables sum -narise the results obtained : 

Taste 1,—Zzperiments with Large Machine made 
October 16th, 1875. 


Ratios of distances of electric light 

















and Carcel lamp from photome 40 : .93 
Ratios of intensities Se a 40 : .98=1850 
Revolutions 
Mean Ordinates | Foot-Pounds 
Nambers of| of Dyna- : 
. ven by the of Work 
Diagram. eee Pt Deere per Second 
in. 
1 238 885 4883 
2 251 -744 4324 
3 218 854 4916 
4 244 .653 3693 
5 241 614 3226 
6 244 654 3716 ° 
Mean ..| 244 4127=7.5 
| H.P. permin. 











Work done per 100burners 7.5 : 1850=.405 H.P. 
Work per burner per second 2.23 foot-pounds. 





TaBLzE II.—Ezperiments with Small Machine made 
December 4th, 1875. 

















Ratios of distances of electric light 
and Carcel lamp from photo- 
meter avs des me w 20:1.15 
Ratios of intensities ... 20 : 1.15=302.4 
: 7 , 
Revolutions ; | Work done in 
oo of) of A ne aa oe aes om per 
iagran. | m per ; Second. 
| Minute. Diagram. 
| in 
1 234 279 1452 
2 | 938 262 1445 
S 244 .292 1651 
Mean -| 239 1516=2 75 H.P. 











Work done per 100 burners... 2.75 : 302=.91 H.P. 
Foot-poands per burner per 
second ae 4.97 

The machines worked with regularity for a sufficient time 
to prove the absence of heating. Moreover, the work done 
vas Very uniform during the experiments, although one of 
them was considerably prolonged. 

As regards the cost of different modes of lighting, the 
f.llowing data are of interest. ‘The consumption of oil for 
1850 Carcel burners per hour equals 1850 x 1.48 oz.= 
2°88 oz., or about 6800 cubic feet of gas. Under these 
<onditions the cost of fuel would be only the hundredth part 
«f cost in oil, and one fiftieth part of the cost of gaslighting 
iu Paris. The comparison is less favourable for smaller 
machines, for from the data given it will be seen that 
fur the large machine, each Carcel burner requires 2.23 foot- 
pounds, and for the small machine to 4.97 foot-pounds, or 
«ouble the former. This expenditure of work would, ac- 
e-rding to M. Heilmann, be increased to 8.85 foot-pounds 
for each burner in a hundred-light machine. , 

The application of the magneto-electric machine for 
lighting pee is increasing. For more than a year the 
works of MM. Heilmann, Dacommun, and Steinlen, of 
Mulhouse, are illuminated by four-hundred light lamps en- 
closed in depolished glass, and every part of the works is 
perfectly lighted. The workshops of M. Pouyer Quertier are 
lighted in the same manner, ani the Paris station of the 





the electric light. A lamp of 100 burners, to light a 
workman as well as would an ordinary lamp placed 18 in. 
away from him, may be situated 16.5 ft. away; a lamp of 300 
burners may be 28.5 ft., and one of 1850 burners at 
70 ft. 4 in. distant ; and these figures show that the largest 
sizes of lamps may be most usefully employed for lighting 
manufactories. It should also be observed that the dis- 
semination of the light received by the ceilings and walls, 
constitute, beyond the direct action of the lamp itself, a 
general distribution, so good that reading is possible even in 
the most obscured part of the enclosure lighted. This re- 
sult is more surely attained by means of some less powerful 
lamps, the shadows cast by some being effaced by the illu. 
mination of the others. 

The irregularities in the carbon points can no doubt be 
overcome, when special attention is paid to their production, 
and they cease to be made from gas coke. 


PISTON RODS FOR HORIZONTAL 
ENGINES. 

Wer give this week on page 142, engravings of arrange- 
ments Gor turning the piston rods of horizontal engines, 
which appear to us well deserving of the notice of those 
engaged in the manufacture of such engines of large size. 
It is well known that one great objection to horizontal 
and inclined steam and other cylinder engines and pumps as 
compared with the vertical type is the unequal wear of the 
cylinder and its piston, or bucket and rod, these parts, in 
the ordinary construction, resting on and grinding against 
the lower side of the cylinder and glands. The incon- 
venience is not felt to a very serious extent in smaller en- 
gines or machines, but with a stroke of 3 ft. or more the 
undue wear and grinding action becomes very inconvenient, 
causing also leakage at the piston —-_ not always ob- 
served), and at the piston rod gland he plan of pro- 
longing the piston rod through the back cylinder cover and 
ae it beyond it with the view of | also sup- 
porting the piston is utterly fallacious in theory, and 

ractice has proved it to be so. This will be obvious 
if we look upon the piston rod as a beam supported 
at each end by the guide blocks or shoes, and loaded 
with its own distributed weight, and with that of the 
piston thereon between the said end supports. The 
upper fibres of the piston rod will then clearly tend to be 
in compression, and the lower fibres in tension, that is, 
the piston rod has a strong tendency to bend, and conse- 
quently the piston and rod will bear with nearly the whole 
of their weight on the lower part of the cylinder and gland, 
although a small part of the weight is borne by the guides, 
and also by the glands if, and as long as the latter fit well 
round the piston rod. 

The object of the arrangements we are about to describe, 
and which have been designed and patented by Mr. W. A. G. 
Schénheyder, of 34, St. Augustine’s-terrace, Camden Town, 
is to obviate the aforesaid unduefrictionand wear andthereby 
consequently effect also a saving in power and lubricating 
material. or this purpose Mr. Schénheyder continues 
the piston rod out at the back end of the cylinder through 
a stuffing-box, gland, or piston rod guide, and forms the 
piston rod with sucha permanent set, or camber, that 
when it is loaded with the weight of the piston and is sup- 

orted at the ends on the crossheads or other outer guides 
it shall then be straight, or nearly so, none of the weight 
or practically none coming on the lower parts of the cylinder 
or its glands ; or when it is inconvenient to continue the 

iston rod through the back of the cylinder Mr. Schén- 
fayder forms the piston rod similarly with a suitable 
camber, and causes the crosshead or its equivalent to carry 
the weight of piston and piston rodin any suitable manner, 
such, for instance, as by providing the crosshead with rigid 
continuations going back on each side of the cylinder and 
there supported and working in guides. 

In carrying out this system of construction the amount 
of deflection or curved bend of the piston rod caused by the 
fall weight of the piston and by its own distributed load or 
weight is first calculated by the well-known formula, or 
found by reference to a Table Rome ys therefor. 
The piston rod is then given a nd or camber, which may 
be slightly in excess of the said deflection, the camber 
given to the piston rod being of such an amount and nature 
that when the piston rod is loaded with the full weight of 
the piston and supported on the guides at the ends in the 
exact manner in which it is intended to work, whether 
horizontal or inclined, it shall then assume a perfectly 
straight form, or as nearas maybe. A piston rod made as 
described will consequently when placed in its cylinder with 
its piston on, be supported entirely on the guides, and 
neither the piston rod nor the piston will have any tendency 
to wear more on and against the bottom than on and against 
the sides or top. The whole weight of the piston and rod 
being thus supported outside the cylinder it can and ought 
to be there properly distributed, that is, the crosshead 
blocks or equivalent parts should have ample and well 
lubricated wearing surfaces. 

It will in practice be found advisable to proceed with this 
manufacture in the following manner: First calculate the 
weight of the piston and the piston rod separately, or 
by preference ascertain their weight by actual weighing. 
The finished size of the piston rod is of course deter- 
mined upon before hand, and from these data the 
amount of camber is calculated or otherwise found, 
and the piston rod is next formed with proper centres 
in its ends, and a temporary journal formed on or 
bolted on cane with the intended for the 
piston. Mr. Schénheyder then gives the piston rod in its 
black or unfinished state a suitable camber, which is by 
preference slightly in excess of the calculated or tabulated 
amount in order to enable the workman afterwards by add- 
ing slightly and ually to the weight of the piston (which 
is us ible and not objectionable), so to balance 








Noriheen Railway of France is about to be illuminated by 


the load that the rod when finished and supported and 





loaded as when puting shall be perfectly straight. 
Another object of giving the rod a little excess camber is to 
allow for weakening by wear and subsequent turning down 
and lightening of the rod. Mr. Schénheyder then places 
the bent piston rod in a lathe between centres, the arrange- 
ment being that illustrated by us on page 142. Inthe views 
there given Fig. 7 is a front elevation of a suitable plummer 
block or collar plate, which may be placed and on any 

inary slide rest lathe, and me hae that part of the piston 
rod may be held, which is to take the piston ; Fig.8 isa 
horizontal section of plummer block ; and Fig. 9 a vertical 
cross section. 

In these figures A is the body of the plummer block 
formed with suitable lugs or flange for resting it on and 
bolting it to the lathe bed. It is formed with a cap or 
u per part, which is united with the lower part by means 
of lts a’. It is bored out circularly, and in it fits so as to 
be able to revolve a circular ring or collar piece B, which is 
formed internally as a circle with two flat sides, as shown. 
The ring B has two lugs b on each side, each tapped to 
receive an adjusting screw c. Inside the collar piece B 
there is a block C formed to suit the hole through B, and 
made in two halves, which are formed with flanges outside, 
and united by bolts d passing through oval holes in the 
collar piece B. Suitable parts are cut out in C to give room 
for the lugs b, and at e are eight set screws, four on each 
side of the body A. The two halves of Bare also held 
together by steady pins /. 

he use of this collar plate is as follows: The required 
amount of camber having been given to the piston rod the 
block C is by means of the set screws c moved to an equal 
extent, say tothe right, and the bent rod is then passed 
through the collar plate and placed in the centres of the 
lathe and secured. The set screws e are so adjusted 
that the piston rod and collar bearing can rotate freely 
without any strain or springing of any sort, the convex side 
of the piston rod having of course also been set towards the 
right in the first instance, or pointing in the same direction 
as the block C. This latter is now brought back to its 
normal position, and to facilitate this a scale is provided on 
each of the lugs 6, as shown. This movement is accomplished 
by turning the set screws c in a direction opposite to that 
imparted to them in the first instance. It will then be 
found that the piston rod has been sprung into a straight line, 
or nearly so. The piston rod being thus properly adjusted 
(in the mode described, or in a slightly modified manner, 
which will readily suggest itself to an experienced workman) 
the bolts d are tightened up, and the turning may then be 
proceeded with in the usual manner, but by preference with 
two tools starting simultaneously and travelling in opposite 
directions. 

Instead of the piston rod revolving, however, a special 
lathe may be employed in which the piston rod is held 
stationary and screwed down in the middle, as aforesaid, 
and the cutting tools are caused to revolve round it. A lathe 
of this kind, which has been designed by Mr. Schénheyder, 
is represented by Figs. 1 to 6 on page 142, Fig. 1 being a 
side elevation, Fig. 2 a plan, and fie. 6 an end elevation ; 
while Figs. 3, 4, and 5 are enlarged views of details. 

In these various views A is the lathe bed, having lugs 
cast on for holding down bolts as shown; B is a fixed 
poppet head with long projecting boss and ‘‘ centre’’ as 
shown. It carries one end of the driving shaft b with cone 
pulleys c, and with bevel wheels driven by it, and trans- 
mitting motion to the feed spindle h. C is a movable poppet 
head also formed with a long projecting boss and “ centre’”’ 
as shown. It carries the other end of the driving shaft b. 
D is a contre bearing bolted to the lathe bed. It is shown 
enlarged in front elevation at Fig. 5. It serves the pur- 
pose of pressing down and holding the middle part of the 
piston rod, and is made with top and bottom block E and 
F, and with cap or plate G, which by means of the bolts 
F' can be screwed down, and the piston rod thereby sprung 
down to its straight position. 

It will be observed that the centre bearing D fits on V 
pieces formed along the top of the lathe H, H, are 
two movable headstocks, which contain the revolving 
cutting tools ; they are shown in section and elevation to a 
larger scale at Figs. 3 and 4 respectively. H is the bod 
of the headstock, which fits and can slide along the lathe bed. 
It is formed with a central opening, wherein fits the hollow 
revolving block I with tool holders i, i, wherein the cutting 
tools are secured in any usual manner; or it might bea 
saddle or sliding cap. J is a counter block or back, which 
is formed in one with a spur wheel that gears with a spur 
pinion j, which slides along the driving spindle b, turning 
with it by means of feather and groove or otherwise. The 
revolving blocks I and J are united by studs k, and adjusted 
against one another by means of set screws l, so as to re- 
volve freely and steadily in and on the body H. 

The feed is effected as follows: The body H has a lug 
below, forming a bearing for a si pinion m, which gears 
into a rack n fixed to the lathe bed A. On the spindle o 
of the pinion m there is another pinion p gearing into a 
pinion g on the spindle r, which ihe carries a worm wheel 
$ that gears with a worm t, which slides along and turns 
with the feed spindle by means of feather and groove or 
otherwise. By pulling the pinion p out of gear with the 
pinion q the automatic feed may be thrown out of gear, 
and the feed worked by hand by means of a wheel or 
handle uw on the square end of the’ spindle o. Change 
wheels may be employed for altering the self-acting feed, 
as is usual with ordinary lathes. ‘The headstocks can thus 
be moved automatically or by hand along the lathe bed 
with any required esol. The féed spindle h has its bear- 
“| at each end of the lathe bed, and in the headstocks. 

n order to turn a single-ended piston rod Mr. Schén- 
heyder forms it with or attaches to it at the cross head end 
atemporary end, whereby it may be formed with the proper 
camber. ‘The end to be turned can then be finished by 
means of the ap tus above described. . 
Schénheyder’s = have heen very worked out, 
and they are, as we have said, well worthy of attention. 
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BRIDGE OVER THE RIVER DOURO. 
(Concluded from page 108.) 

Tue pier staging for this bridge is shown on Figs, 15, 
16, and 19 of our two-page engraving. It consisted of four 
timber girders, 59 ft. long, laid in pairs on the top of trestles, 
which were carried on pontoons. Fig. 20 indicates the 
general arrangement of pontoons, trestles, and girders. ‘The 
latter were built upon a platform placed about 7} in. lower 
than the bearings they were afterwards tofake. This plat- 
form rested upon two pontoons coupled together, and was 
of such a length that, when completed, the girders overhung 
it about 10 ft. on each side; under these ends the pontoons 
carrying the trestles were placed, and the water with which 
they were loaded, was pumped out, causing them to rise and 
to lift the girders to their proper bearings. The four pon- 
toons carrying the two pairs of girders were then moored in 
their proper position, that is just outside the walls of the. 
cofferdams, and up and down stream (see Figs. 16 and 17) 
Four oak shafts 113 in. diameter, resting upon wooden 
bearings on the top of the girders, were placed in 
the positions shown in the drawings. Upon these 
shafts, timber drams 9 ft. 10 in. in diameter were mounted, 
one over each corner of the cofferdam, which was connected 
at each of the four points by a chain to the oak shaft. A 
rope from a windlass in the centre of each pair of girders 
passed over the drum, and in this way the cofferdam could 
be raised or lowered at will. After successively lowering 
and raising it thus, the timbering at the bottom of the 
cofferdam was cut to the contour of the river bed, and when 
this was effected it was sunk and weighted with stones. A 
mass of concrete in hydraulic cement, 294 in, thick, was 
thrown in betweer the walls of the dam, as shown in Fig. 18, 
and the space above was filled with puddle. Eight days 
after the concrete was laid, the water in the dam was 
pumped out, but the results were unsatisfactory, as the 
water leaked through underneath the concrete and through 
cracks in the dam. Bags filled with cement were thrown 
in to stop these cracks, but with only partial success. It 
was then decided to build that part of the foundation which 
was above low water level first, and this was effected after 
levelling the face of the rock by blasting. To make the 
other half it was found necessary to divide the enclosed 
area into smaller compartments by a double thickness of 
sheet piling shutting off the finished work, and filling up 
the space between with concrete. The blasting operations 
referred to, although carried out with great care, had 
loosened the contact between the bottom of the cofferdam 
and the rock, and much difficulty was experienced in keep- 
ing the smaller compartment free from water. All further 
levelling of the bed rock was done by hand to avoid doing 
further damage, and this caused considerable delay in com- 
pleting the foundations. The compartments in the dam 
were kept dry by pumping. 

It was originally intended to use fixed scaffolding in the 
erection of the piers, but this was abandoned on account of 
cost. After the piers had been raised by trestle work to a 
height of about 35 ft., a flying scaffold was employed, 
arranged as shown in Figs. 21 to 24, this scaffold being 
so designed that it could be lifted in one piece when it 
was desired to raise it. The main part of this structure 
consisted of two girders, the lower beams of which extended 
beyond the sides of the piers, on which they rested by 
bearings of hard wood blocks. Pulleys were attached to 
the ends of the beam, as shown, and ropes from these passed 
to winches used for raising materials, which were conveyed 
by a trolly running on rails to the part of the pier desired. 
Mooring chains were also employed to stay the scaffolding, 
and these also served to raise it when required. As soon as 
a few courses had been laid on one-half of the pier the 
mooring chains on one side were slackened. and these on 
the other hauled tight, so that the platform was tilted, as 
shown in Fig, 22; by this means space was obtained for 
further working, and when some additional courses were 
laid the platform was brought back to a horizontal position, 
testing then upon the work just completed. In some cases 
where space for this arrangement was wanting, the pulleys 
were attached to the pier, and the winches mounted on the 
platform. Access from the ground to the top of the piers 
was maintained by means of a series of ladders, the bottom 
of each flight resting om a hanging platform secured 
to the pier, Figs. 21, 23, and 24. In those piers whose 
foundations lay beneath the water level, a special scaffold- 
ing was erected on the down river side of the pier, as shown 
in Figs. 25 to 27. In these cases material was brought 
in barges to a floating platform at the bottom of the scaffuld- 
ing, and was raised by means of travelling cranes, which 
lifted the stones, &¢e,, to their destination. As soon as the 
pier was raised to the level of the cranes, the latter were re- 
moved, and a new scaffold erected, as shown in Fig. 26, the 
cranes being replaced when the platform at the higher level 
was complete. In the execution of the work but little delay 
was caused by the successive raising of the scaffolding. The 
rate of progress with the masonry of each pier averaged 
3 ft. or 4 ft. weekly, a progression which was satisfactory 
enough, considering the small number of men who could be 
employed upon the pier. Hydraulic cement was employed 
exclusively up to ordinary bigh water level, and above this 
the facing of the piers was also set in the same material. 
Oning to the great care in carrying out the work, settling 
and irregularity were almost entirely avoided, the maximum 
error being found in one of the highest piers, which at the 
top was 3 in. out of perpendicular. The proportion between 





worked and rough stones was throughout 2 to 3, that be- 
tween cement and worked stones 1 to 24, and between 
cement and rough stones 1 to 4. 

The erection of the iron structure was at, once. the most 
interesting and the most difficult portion of the work... It 
was, like the piers, carried out entirely with flying scaffolds, 
They are illustrated by Figs. 8, 4, 5, 6, and 11 (see 
ante page 110). ‘The «principal temporary girders were 
placed 29 ft. 6} in. apart, and were made of wood, ex- 
tending over two openings of 162 ft. 5 in. each. They 
were 18 ft. 1} in. high, and were divided into panels of 
6 ft, 6 im. each, They rested on the rounded ends of the 
piers. The structural arrangement of these girders is shown 
in Fig. 6, where it will be seen that the panels are filled 
with timber struts and wrought-iron tension rods, screwed 
at the top and passing through cast-iron shoes on the top 
beam, so that they could be tightened by means of an ad- 
justing nut. At each alternate panel the girders were con- 
nected transversely by struts, as shown in Fig. 11, and cross 
girders of the form shown in Fig. 10, connected them at each 
intermediate panel. By this means the flooring upon which 
the ironwork was erected was supported. The whole of this 
temporary structure was carried upon rollers placed on 
the piers, and the permanent girders were completed before 
the final. courses were laid. The diameter of the rollers 
was 19% in., and to avoid too great a concentration of load 
upon the lower beam of the. temporary girders, double T- 
irons were bolted to the underside above the rollers. In 
shifting this heavy structure from one pier to another, it 
was supported by rollers and chains, the rollers being 
attached to the bottom member of the girder already fixed 
as shown in Fig. 8. Two of these chains had to be pro- 
vided, as one of them had to be shifted at the occurrence of 
each strut. It may be mentioned that this flying scaffold 
was erected upon a fixed platform between piers No. 1 and 
the abutment. The following is a summary of the various 
operations that had to be performed in shifting the scaffold 
from one pier to another. ..1,. Simultaneous hauling from 


three cranes. 2. The double T-irons already mentioned |. 


had to be shifted over the supporting rollers, the rollers 
carrying the heavy end of the structure, and the. points 
of connexion with the cranes. 8. The removal of all cross 
connexions which came in the way of the pier, carryi 

them round the latter, and refixing them after the seatfold, 
was in its place. 4. Tightening up the tension rods of} ting 
the girders. These various operations were executed with 
considerable skill, and with little waste of time and labour. 

Considerable difficulty was met with from thé déflection | 
of the scaffolding, both in the erection of the girders and in| 
shifting the,scaffold from pier to pier. The rollers being 
all in the same horizontal plane some trouble was met with 
in raising the drocping end of the structure to the right 
level, while the rollers carrying the scaffold were much 
overloaded. Equal difficulties were met with as. regards 
the lateral strains on the structure from heavy winds, the 
pressure upon the larger exposed surface having caused at 
times so much oscillation as to render it necessary to suspend 
operations. From taking out the stays which connected 
the two girders of the scaffold each time it was shifted, they 
gradually became loose at the joints. The trestle in the 
centre of the scaffold over which the tie rods passed, as 
shown in, Fig, 3, being exposed to very varying strains 
when the whole structure was being shifted it was soon 
found useless, and as it added to the weight it was removed 
when between piers Nos. 3 and 4, and a new scaffold was 
employed. 

The scaffoldings for the increased span, which was uot 
contemplated in the original design, are shown in the diagram 
Fig. 12, one being erected in the bottom of the river and 
the other on pontoons, which were afterwards sunk to the 
bottom, and these proved satisfactory, except that the latter 
settled about 4 in. under its load. 

The ironwork was all sent from Duisburg partly rivetted 


stop. The eccentrics working the slides are cast together with 
ample wearing surface. agony ste et of wrought iron 
met cnt of Sinan ber. pump is placed directly on the 
remy Nee from which it draws., The drums are cast as 
pulleys, and lagged between the flanges with 
Bin. timb yee ee and the spur segment is bolted directly on to the 
side, thus taking all strain off the drum shaft. ‘The brake 
wheel is also cast on the opposite side of the drum, and is 
connected by a wrought-iron brake strap to a lay shaft 
carfied on the base, and which is worked by a treadle, a 
counterbalance relieving the drum when the foot is taken 
off. The whole engine and boiler are contained om one bed- 
plate forming water tank, ! but: where desirable the drums 
can be placed: lower down or on independent foundations. 
The: total -weight.of the engine and boiler is 10 tons, and the 
principal dimensions are as follows: 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The. North Eastern wey: —At the half- yearly meet- 


ing of the Horie Bavtus Heil gel year ras aia aoe 

Of that total the gersat of station had cost 

f) +) DOW 8 a 

-» 45,0002., the Leeds and Wothecby fe 50, oe Ry 

Baggy ray uy , the Swinton and Knot- 

line ae Widtherky » and t 1 Leeda and Carlisle 48,0001. 

The be said, will be 
cpa orth peng a on March 1st. 


~$ shows that 
from the 
Seon: St from the 


pa we iron trade. 
and oe 
washing ey of the 
new shaft been stopped at ‘the a “Hagiosan seam, which 
washed 

consumers. As the 
ped, further coke ovens will be needed, 
when the coneern will be one of the largest in the country. 


The Dewsbury water Works Bill.—A meeting of the 
millonrpere see lessees, and piers of mills and works on 
the river Dun at Stotield and elsewhere, was held on 


Tuesday at the Cutlers’ Hall , Sheffield, for the ee 4 
co the Water a ’promoted LAs, the Dewsb 
and the Heckmondwike Board of Hecitl, 


After some discussion the etn decided to petition egainst 
the passage of the measure through Parlinneat, 


Secretaryship of the South Tommyre Miners’ Associa- 
senee londay, , Mr. J. Frith, of Park- 
fre ont of eight candidates as of 
he South i Association in succession to 


the late Mr. ohn Normansell. 
J. and G. Wells (Limi Eckington. th large col- 
1 Wokington ont MeClinaateh. near hefficld, be- 


up, so that it had only to be bolted together on the spot, Bate 


a provision advisable in a district where skilled labour 
is very scarce, Mr. Harkort, it may be mentioned, has 
adopted this same method in the erection of similar bridges 
in Portugal and elsewhere. 

The bridge when tested gave very satisfactory results 
under test, the large span showing a deflection of only 
-855 in. when loaded with 88 lb. per square foot on the road- 
way, and 44 1b. per square foot on the footway. The de- 
flection in the smaller spans was .196in. under a similar 
load. 

We are indebted to the Zeitschrift fiir Bauwesen for the 
above particulars and accompanying illustrations of this 
interesting work.” 








SEMI-PORTABLE WINDING ENGINE, 

WE give, on page 143, engravings of a neat arrangement 
of 20 horse power semi-portable winding engine with Pax- 
man boiler, constructed by Messrs. Davey, Paxmat, and 
Co., of Colchester. It will be seen from the views given 
that the starting valve lever, reversing lever, and brake 
treadle are all under the control of one man without changing | oa: 
his position, at the same time he is able to see the pit’s 


Walls” 6 the rekccotstalives of the late poe and ae go 
We ~* noes ve jut been sold to a ee which has a 
capital 200,000). The very extensive, com- 
prising yee thousand acres of the 8 Silkstone and Sitwell 
seams of coal. The new sinking n h, when 
compas will be one of the Gene me most important 
in the district. 


The Midland Iron Company (Limited).—The annual 
report of this company shows a profit of 35371. on the 
year’s 8 per cent. dividend. A 


transactions, yielding 
serious accident to the machinery in the early part of the 


year caused the works to be stopped for several weeks. The 
plant and machinery are now in good and efficient working 
condition, The present hoop iron mill quite insuf- 


ficient to meet the ine increasing demand pose the company’s 
hoops, the directors have determined to erect an additional 
hoop mill at a cost of 55001., for whieh a loan of 60001. on 
mortgage provides. The mill is now in course of erection, 
and will orf shortly be finished. 


Miscellaneous Matters of Interest.—The Parkgate Iron 
Company have started two additional plate mills, and are 
about to blow in three more blast farnased at the ‘Holmes, 

r Rotherham. A large Schiele’s fan has just been erected 
at at the Nostel Wine ee’ near Wakefield, the property of Mr. 


mouth while handling the engine. All wearing parts are, | Bowland W: 


where possible, made of steel or case-hardened. The slides 
are arranged to cut off at eleven-sixteenths of stroke, so as 
to insure the engine starting in any position at which it may 


* In our first article on this bridge, by a printer’s error | sen’ 
the name of Mr. Schwedler was spelt incorrectly. 











Tur Ammrican Navy Yarps.—One of the ee 3 of 
wines am wil Janey ly be urged in the - 
@ 


a Chaigrene ofS States is the abolition of 
navy yards of New ag i oe 
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CLERMONT-FERRAND, FRANCE. 


FAURE AND KESSLER, 
(For Description, see Page 145.) 
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NOTICE OF MEETING. 


THE INSTITUTION OF CIVIL ENGINEERS.—Tuesday, February 29, 
at8p.m. 1. “On the Floods in England and Wales during 1875, 
and on Water Economy,” by Mr. G. J. Symons. 2. “On Evapora- 
tion and on Percolation,” by Mr. C. Greaves, M. Inst, C.E. 
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LEGISLATION IN 1876. 

THE Parliamentary Session of 1876, now fairly 
commenced, promises some serious complica- 
tions in — to the domestic economy of the 
country, e Government is pledged to introduce 
and carry out, if possible, measures in regard to 
gas, water, river pollution, salmon preservation, at- 
mospheric pollution from chemical manufactures, be- 
side improvements relating to railways, shipping, 
and an almost endless list of analogous or cognate 
questions. ‘The autumn and winter recess has 
passed in apparent quietness, although recently 
some signs have appeared that in the future the 
questions above mentioned may become sources of 
party dispute. In the a Speech shipping alone 
was mentioned, the concluding ph stating 
that ‘other important questions, if the time of the 
‘Session permits, will be introduced.” 

It is our business here to deal solely with those 
subjects that affect the essential points usually 
treated in Encrveering. It is difficult, however, to 
draw an exact line in this respect. Of recent years 
the demands of our social economy have called on 
all Ce poutes of engineering and chemical science 
to satisfy their requirements, and, consequently, we 
have found it needful, in our last few volumes, to 
extend the range of subjects that we have had to 
treat, Our recent summaries, given in the present 
volume, have illustrated this fact, and we shall feel 
it our duty during the session to follow a similar 
“—. 

mn 4-v to future legislation, the first question 
to which the Government is pledged is that of intro. 





ducing a Bill to prevent, remedy, or otherwise deal 
with the pollution of rivers. No important new 
facts have arisen since the end of last session to indi- 
cate any future course that the Government may 
take. Consequently we may assume that the re- 
ports of the Rivers Pollution Commission combined 
with one of Sir John Hawkshaw in reference to the 
Glasgow pollution of the Clyde, possibly modified 
by the suggestions of the Committee of the British 
Association of the last four or five years, may be the 
basis of future legislation. From all these we have 
little to hope. It has already been pointed out in 
our columns that in all ts, whether in regard 
to quality or quot, serious, indeed fatal errors, 
have been made by all who have yet attempted the 
solution of the sewage question, It would be a 
a waste of our space to enter into details on thi 
subject, as edly oa been so fully discussed in many 
previous volumes. There is on one side the difficulty 
of preventing river pollution, and on the other that 
of avoiding the consequences which such prevention 
would involve, We must get rid of the sewage, 
which at the present we do by means of our rivers 
and their tributaries. If we stop this course what 
resources can we find when irrigation and all other 
schemes have hitherto practically failed? Will the 
Government venture to attempt the solution of a 
| in which lawyers, engineers, and chemists 

eclare themselves incompetent to effect a solution ? 
Will they attempt to interfere with the mining, 
manufacturing, and other industrial and social ques- 
pase by suggesting a general echeme for remedy or 
cure 

Closely allied with this is the general question of 
water supply. It needs no argument to prove that 
at present this is in a most unsettled state, whether 
in regard to quality or quantity. Numerous Bills 
are now before the Parliamentary examiners for the 
purchase of existing private companies by local 
authorities, for the extension of existing supplies, 
and the erection of entirely new works, On this 
question the Board of e and the Local Govern- 
ment Board have each to offer an opinion, and conse- 
yn: much difficulty must necessarily arise in set- 
tling the question. tters of local circumstances, 
financial, geological, &c., must necessarily introduce 
many elements of difficulty. But from the pro- 
positions we have before us it would seem that the 
promoters of the new schemes do not perceive any 
such difficulties, consequently it will be for the 
Government to attempt their solution. In doing 
this, however, they will have to contend with the 
varied opinions of engineers and chemists, the con- 
fliction of which has already involved the sewage 
question in all but inextricable difficulty. 

Next as re; gas. Towards the end of last 
session the Prime Minister promised toso deal with 
the metropolitan gas question, as to place it dur- 
ing the present session in a position it was left in 
at the close of the last. Meanwhile, as we have 
pointed out in the present and last volume, a chance 
of a renewed battle between the Chartered and Im- 

rial Companies and the City Corporation and 

etropolitan Board has, until recently, appeared 
imminent. This may possibly be modified if a re- 
cent conference between the conflicting parties be 
guided by the principles of business and moderation. 
Of course, at present, such a result is problematical 
and its solution may not so much depend on the 
parties directly interested, as on their legal and 
scientific advisers. But it is not only the metro- 
polis that is concerned in the question. All our lead- 
ing towns are in an almost similar condition, and, 
consequently, with the number of Bills before the 
examiners, we may expect some lively work for the 
House of Commons. 

Air pollution has recently become a source of 
agitation. A few weeks since an influential meeting 
of landholders in the northern counties was held, 
at which it was determined to bring before Parlia- 
ment the injury arising from chemical manufactories 
in respect to vegetation and animal life. The Local 
Government Board is now responsible for the 
Alkali Acts and their recent extension, but in their 
last published report it appears that not sufficient 
time has ela to test the value of that extension. 
It is complained that the present system of inspec- 
tion is deficient, and we think that there is great 

ound for such a complaint. Dr. Angus Smith 

made extraordinary exertions, but it is impos- 
sible that he can properly, alone, attend to the 
enormous extent of supervision require”, aided as 
he is by subordinates of doubtful efficiency, This 


subject must, therefore, become a question of future 
legislation. 








rts we find that the Nuisance 


From recent re 
Removal Act has become in many a failure. 
It promised much, but seems to have resulted in 
little. So far as mal knowledge goes we have 
failed to see any improvement in regard to stables, 
slaughter-houses, &e, In a recent ph we 
have drawn attention to one evil that it has not 
remedied, viz., the erection of houses on dust heaps, 
so common in the metropolis and many other lar, 
places. The Act has also been practically useless in 

to offences arising from noxious trades, and 
consequently this ought to be a subject of legisla- 
tion during 1876. 

Of all recently passed sani measures the 
Artisans’ Dwellings Act has been the most success- 
ful. It has been gladly adopted in almost every 
part of the metropolis and by many provincial 
authorities. Its provisions seem excellent, but still 
many practical difficulties have arisen, and it is more 
than likely that an Amending Act may in some re- 
spects be required. 

It then appears that with river pollution, gas and 
water supply, sewerage, drainage, &c., the sanitary 
legislation of the next session will be abundant in 
— whatever it may be in quality, If weadd to 

ese the requirements of railways, canals, registra- 
tion of Trade Marks Amendments, the Patent Laws, 
&c., our legislators, if they even attempt to do their 
duty, will have much more on their hands than we 
expect they will get through. 


SUBMARINE CABLES AND MALICE. 

Tue Faraday has left on her third expedition 
to repair the Direct United States Cable, since it 
has been handed over by the contractors to the 
company. The faults are described as being—in 
each of the two cases already repaired—caused by 
absolute rupture by main force, One of the ends 
of the first of these fractures was exhibited by 
Mr. Von Chauvin at Mr, Latimer Clark’s conversa- 
zione at Willis’s Rooms. It showed no signs of 
having been subjected to chafing on rough ground, 
and was decidedly a clean break in a perfect por- 
tion of the cable, without signs of cutting or hacking. 
The succession of two more breaks since the first 
has given rise to an = expressed about a 
fortnight ago 4 a — a the chairman of the 
company, that the cable n actuall osel, 
and maliciously broken. Rr ae 

There are certain] 





some features in the case 
which would seem at re to support this view. 
The first breakage occ in a depth of seventy 
fathoms, a depth in which no ship would be likely 
to anchor, except, perhaps, some light fishing vessels 
with hemp cables, and it seems doubtful whether 
such crafts could break the cable by accident, 

On the other hand if the craft were simply brought 
up with a light k and then drifted, ne might of 
course hook the cable, On trying to get under way 
the crew would, when they first weighed their anchor, 
feel the weight of the cable, and as this is, in such 
shallow water, laid perfectly tight on the ground, 
they would have to lift about a mile of cable, or 
about a ton besides their own anchor, before they 

ot it to the surface. Although, from the cable 

eing laid tight on the ground, the strain on it 
when lifted to the surface, bears a great ratio to 
the strain on the anchor eable, yet in general the 
cable, we know, when new, will in such depths 
come to the surface without breaking. The master 
of a ship, therefore, that could get the cable to the 
surface, if he was an intelligent and conscientious 
man, would pass a slip rope round the cable, make 
fast, and then veering a little on his anchor cable, 
let the anchor hang free of the telegraph cable, 
from whence, by means of ropes, it might then 
be removed, the telegraph cable being then 
slipped by letting go one end of the slip rope. A 
stupid, reckless, or hasty man might, of course— 
without absolute malicious intentions—send for an 
axe and cut the cable through, thus avenging him- 
self on the obstacle which had caused a heavy 
heave and a delay. In one of these cases the cable, 
therefore, would show signs of the axe, and in the 
other it would be uninjured altogether. 

There is, of course, the third possibility that the 
cable might be broken accidentally in heaving up, 
if the vessel was large, and the sea and wind heavy. 
But there is in this case the possibility of the ship’s 
own hemp cable breaking, for no ship would anchor 
with her chain cable in seventy fathoms. We are not 
aware what kind of craft anchor on or near the New- 
foundland banks, but we heard when one of the 
first Atlantic cables was broken on the banks, that 
the fishing vessels anchor there with coir-rope cables, 
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eering three hundred fathoms, and riding out hea The question of what effect the 1000/. reward’ civil engin work of different kinds; ‘they also 
¢ - ‘ F * will inthe forth will be looked forward to with in-| take up the higher branches of surveying. 


weather. 

How many times the Anglo-American cables 
were broken on the banks we do not at present 
recollect, but from the shore ends of the 1865 and 
1866 cables having to be extended for some ninety 
miles to sea, as well as from the deviation to the 
south which the route of the French Atlantic takes 
to avoid the bank—we may presume that previous 
e ience has shown that cables in these parts are 
subjected to mechanical injury of some sort, 
whether from anchors or icebergs. 

Against the probability of wilful damage must be 
placed the fact that to be sure of succeeding in the 
work promptly special tackle would have to be pro- 
vided. An anchor is a bad tool to dredge with, as 
it is naturally made on purpose not to dredge, 
and anybody understanding the work would there- 
fore select a grapnel, It would be next to im- 
possible for such an operation to be done without 
the whole crew seeing through the matter, even if 
the master of a ship pretended to anchor and then 
to drift by accident on the cable. There must be 
some reason for the ship to anchor, and if she 
anchors in fine weather she would not drive with 
an ordinary anchor down, and at least if she did 
it would be seen that driving was ifitended. If a 
steamer be employed, the object would at once 
be apparent, as no steamer could require to anchor 
in such locality, Further, any villain that intended 
to perpetrate such a deed would have first to find 
a captain ready to undertake the work, and next 
the captain would have either to enlist the services 
of a crew of rascals to whom he would have to 
entrust his diabolical secret, or would have to run 
the risk of exposing his conduct to the criticism 
of a crew, unbribed to secrecy and unimplicated in 
the plot, and consequently unfettered and free to 
give the fullest information to anybody seeking it, 
and indeed very likely to blurt it out, even un- 
asked. Certainly the 1000/. reward offered by the 
Direct United States Company ought to induce 
them to speak glibly. The improbability of any- 
body under these circumstances embarking in such 
a plot, seems to us so great as to counterbalance 
the improbability of breakage by accident. 

The history of cables shows that a succession of 
unusual mishaps have before been attributed to 
malice, which were afterwards seen to be the result 
of accident. Thus, after the celebrated case where 
a nail was found driven into the Dunwich and 
Zandvort cable, and a man swore on oath that he did 
it maliciously, a number of faults, caused by short 

ieces of wire sticking into the core, which occurred 
in the Atlantic cables, were attributed also to 
malice, The tank men had special dresses without 
pockets provided for them, and officers, and even 
directors of the company on board, took watch and 
watch in the tanks. But the faults continued to 
oceur, and it is pretty well understood now that the 
brittle external steel wire when broken protrudes a 
little ; the bight of the cable sweeping round during 
the paying out catches this, and tearing it off carries 
it to the paying out gear, where it is driven in by the 
pressure of the cable, caused by the strain on it, 
against the drum or sheaves round which or through 
which it passes, Since the adoption of a whipping 
of yarn round the whole cable this kind of fault, we 
believe, has never occurred, 

As regards the nail case itself it has always 
appeared to us that the proof of malice was very 
weak indeed, for the whole evidence as regards 
malice depended on the oath of a man who must in 
avy case have been an unmitigated scoundrel, since, 
if he drove the nail in maliciously, he must have 
been a villain, and if he did xof do so, and swore 
that he did, he must have been rather a greater 
one. In either case he must have been a scoundrel 
whose oath should not have been believed. It 
should be borne in mind also that nails have been 
found in cables driven in by accident by the car- 
penters. 

The temptation for one contracter to induce a 
man to say that he drove a nail in for the purpose 
of ruining the character of his rival might certainly 
be as great as the temptation to induce a man to 
drive the nail into his rival’s cable. The risk in the 
first case to the man would be much less, as he would 
only have to tell a lie, and in the second supposi- 
tiom he would have to commit an act somewhat dif- 
ficult to perform without detection, with the pro- 
bability of instant punishment if detected in the 
act from the men on board, besides the chance of legal 
punishment. It was a curious fact in this celebrated 
nail case that the man was never punished at all. 


terest, but we scarcely expect any, and the ques- 
tion of whether a heavier type of cable should not 
be adopted into 150 fathoms of water, and of a 
proper repairing ship and staff, we think should 
occupy the attention of the directors of the Direct 
United States peer-ape B uite as much as the endea- 
vour to find culprits which, like those sought for in 
the Great Eastern, may possibly have no existence. 


ENGINEERING EDUCATION IN JAPAN. 

Ir may not be known to all of our readers that 
the Japanese are pushing forward as rapidly in the 
matter of scientific education as in some other 
affairs, and especially that engineering education is 
receiving very considerable attention from their 
Government. So long ago as 1857 they established 
a school called the “ Institute of Western Know- 
ledge,” where at first the only foreign language used 
was Dutch. This school increased gradually, but 
it was not until the present Government came into 
power, after the revolution in 1868, that its pro- 
gress became rapid. Professors of English, French, 
and German were then appointed, and the whole 
course of instruction systematised and extended. 
It had then borne for some time its present title of 
Kaisei-Gakko, or Imperial University, its buildings 
being in Tokio, near Yeddo. 

Three years ago it was determined to raise the 
standard of the instruction in the university (con- 
tinuing the lower classes as a separate ‘ Foreign 
Language School’’), and to add to the general course 
of study special courses for law, chemistry, and 
engineering. English and American professors 
were chosen for these subjects, and the courses 
commenced in 1874. The students attending them 
are those who have already attended the university 
for three years (or who can pass an equivalent ex- 
amination) and they have, therefore, had a good 
grounding in science, and are also acquainted with 
the language of their professors. All the lectures 
are given in English, an earlier plan of having three 
sets of lectures, one in English, one in German, and 
one in French having been given up. 

The university has a library of nearly 19,000 
volumes, but this includes a large number of dupli- 
cates, as the students are provided, on loan, with 
copies of the text-books used in the classes they 
attend. The institution has chemical and physical 
laboratories with a considerable collection of appa- 
ratus. During the last year, also, the Government 
has provided considerable sums of money for the 
purchase of apparatus for the engineering classes. 
This has included a collection of specimens of 
various materials tested by Mr. Kirkaldy, a collec- 
tion of Mr. Rigg’s skeleton models of mechanisms 
and of models of ships, bridges, and of different 
machine details ; a number of patterns and working 
drawings; a collection of surveying instruments; a 
complete set of furnishings for a large drawing 
office, &. Museums or cabinets for illustrating the 
lectures on geology, mineralogy, metallurgy, and 
mining are now being formed. 

The ordinary curriculum of the university covers 
six years, the three first being spent in general 
study (language and literature, science and draw- 
ing), and the three last in one or other of the special 
courses of instruction. Altogether there seem to 
be about 350 students in attendance. 

We have before us the calender of the university 
for the present session, 1875-76. The information 
it gives us as to the engineering instruction may 
probably interest our readers. This department is 
under the direction of Professor R. H. Smith, and 
its classes have, we believe, been arranged by him. 
In their first year (that is the first year of the 
special course), the students continue their former 
work in mathematics and mechanics, taking up some 
of the higher a of both, and work in the physical 
laboratory. ‘Their other principal subjects are ma- 
chine drawing (they have previously studied the 
theory of projection), graphical-statics, strength of 
materials (they have a small testing machine with 
which to experiment), geology, and mineralogy. 
They also work at land-surveying and levelling. 





The chief second year subjects are thermo-dynamics, 
strength of structures, machine and theory, 
geology, and mining, and contin work in the 


physical laboratory. The surveying work of this 
year is in connexion with surveys for roads and 
railways. The last year’s work is entirely confined 
to engineering subjects. Much of the student’s 


Instruction in engineering is necessarily given 
under considerable disadvantages in a country where 
as yet the people are comparatively unfamiliar even 
with simple engineering processes and apparatus, 
but in spite of all these disad vantages the- student 
who has worked through a course suchas is laid down 
in the calendar before us, will have received a very 
much better start in his profession than many a lad 
in our own country receives.- We wish Professor 
—_ and his colleagues the best success in their 
work, . 
There is one thing in the calendar that we regret 
to see, namely, that geometry is not placed at the 
commencement of the general course, but is treated 
only after a considerable amount of algebra has been 
done. ‘The order should be inverted. Notions of 
space, form, proportion, and magnitude are best ob- 
tained from geometry, and this should come first, 
and be continued along with algebra. Ina country 
which is not wedded to Euclidean geometry there 
should not be the difficulty in introducing modern 
methods which is still felt here. Drawing should 
then be at first simply the working out of geo- 
metrical problems, ow interesting these may 
be made even at a very early stage can hardly be 
imagined by those who do not know the methods 
adopted in recent German geometrical works. This, 
however, is a matter which is too large to be dis- 
cussed here. 

We have not left ourselves room to do more than 
mention that the Japanese Government has shown 
its sense of the importance of engineering matters, 
not only in thus developing the engineering depart- 
ment of its university, and by forming a Japanese 
technical department in the same institution, but 
also by the establishment within the last few years, 
of a separate school of engineering. The pupils 
here are younger than the students at. the uni- 
versity, and do not have the same preliminaty train- 
ing, so that the instruction is less advanced than in 
the older institution. Complete courses of lectures 
are given at it, however, and it has also workshops 
for its pupils. Altogether young Japanese engi- 
neers seem to have excellent educational advantages 
offered them, and their country should presently 
take as high a position in engineering work as it 
promises to take in other branches of civilisation. 


MANGANESE BRONZE. 

Mr: P. M. Parsons, well known in connexion 
with the conversion of cast-iron guns into rifled 
ordnance, as well as for the peculiar metal, which 
under the name of ‘‘ white brass” is very largely 
employed for bearings and other purposes, has re- 
cently produced an alloy, which promises to play 
an important part as a constructive materi 

This alloy, called manganese bronze, is formed 
by incorporating manganese with the various bronze 
mixtures, with the object of removing any oxide 
existing in the metal, by means of the strong 
affinity of manganese for oxygen. The action of 
the manganese in the alloy is strikingly visible in 
the texture of the metal, a fracture of -which so far 
from presenting the coarse granular appearance 
characteristic of ordinary bronze, is as closely and 
finely grained as the best qualities of steel, while 
the strength and tenacity of the alloy is greatly in- 
creased, as has been shown by a series of tests 
lately carried out at the Royal Gun Factory, Wool- 
wich. 

Another singular and valuable quality which this 
metal possesses is the facility with which it may be 
forged at red heat, these operations greatly increas- 
ing its strength and toughness. : 

‘The qualities of the metal were tested by six 
specimens, three of which were cast and the other 
three forged, the series representing three different 
degrees of hardness. These samples were proved 
to ascertain the tensile strength, elastic limits, and 
ultimate elongation, and the following results were 
obtained. 

1. A cast specimen of tough quality adapted 
especially for constructive purposes, showed an 
ultimate strength of 24.3 tons per square inch, with 
an elastic limit of 14 tons, and an elongation of 
8.75 per cent, , 

2. The same quality forged had an ultimate 
resistance of 29 tons per square inch, an elastic 
limit of 12 tons, and an elongation of 3}.8-per cent. 

3. This was a cast sample of harder quality. It 
broke under a load of 22.1 tons per square inch, 
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had an elastic limit of 14 tons, and an elongation of 
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4, The ultimate strength of the same quality 
when forged, rose to 28.8 tons per inch, the elastic 
limit was reached at-13.2 tons, and the elongation 
was 35.3 per cent. 

5. This sample was still harder. The cast test 
piece broke at 23.6 tons, with an elastic limit of 
16.8 tons, and an elongation of 3.8 per cent. 

6. The same quality forged, had an ultimate 
strength of 30.3 tons per inch, the elastic limit 
being reached at 12 tons, and the elongation being 
20.75 per cent. 

From these truly remarkable results it will be 
seen that the first sample showed an ultimate 
strength equal to good wrought iron, while itis 
greatly superior to the best gun-metal, for which 
16 tons per square inch with an elastic limit of 7 
tons are extremely high strengths. ‘The effect of 
forging this metal is also very striking, raising, as 
it does, the strength to such high limits, and prac- 
tically giving a new and most valuable metal to the 
world. 

In some respects, indeed, it resembles aluminum 
bronze, but its resistance greatly exceeds that of this 
alloy, which does not exceed 22.6 tons per square 
inch, while its elongation and elasticity are consider- 
ably inferior to that of the manganese bronze. 

It would be superfluous to indicate the wide field 
of usefulness in which this metal may be applied. 
Manganese bronze, by virtue of greater strength and 
more reliable character, will find an application 
wherever gun-metal is employed, while the facility 
with which it can be forged, and the benefit it derives 
from this operation, will render it still more useful 
as a constructive material. 


THE BRITISH IRON TRADE ASSOCIA- 
TION. 

AxsouT two months since a meeting of iron and 
steel manufacturers, representing all the leading 
iron and steel-making districts, was held in London 
for the purpose of considering the desirability of 
establishing a commercial organisation to advance 
the interests of those trades in Great Britain. It 
had long previously been felt that such an associa- 
tion was necessary, as, however fully technical points 
concerning manufacture were discussed by the Iron 
and Steel Institute, the members were unable as a 
body, by the constitution of the Institute, to discuss 
commercial or legislative matters affecting their 
interests. From the Iron and Steel Institute there- 
fore emanated the British Iron Trade Association, 
which was initiated at the meeting already referred 
to (which was held on the 21st of December, 1875), 
and which was publicly inaugurated at a meeting 
held yesterday at the Westminster Palace Hotel— 
and ,which is being continued to-day. That the 
movement has the approval of the trade in general 
is apparent from the hearty support given to both 
the meetings by the ironmasters of Great Britain, 
as well by their presence, as by letter where their 
presence could not be given. At the December 
meeting, Mr. I. Lowthian Bell, M.P., at first took 
the chair, and twenty-seven gentlemen were ap- 
pointed members of the first Board of Management, 
including Mr. G, T. Clark of Dowlais, who was 
elected President, Mr. William Newmarch, of Lon- 
don, who was appointed Treasurer, and Mr. John 
Jones of Middlesbrough, who was appointed Secre- 








‘The general objects of the Association as settled 
by the members at the December meeting, are: 
Firstly, to secure a means of communication be- 
tween members of the iron and steel trades of Great 
Britain, upon all matters bearing upon the com. 
mercial interest of these industries; secondly, to 
procure and circulate detailed statistics of the iron 
and steel trades both at home and abroad; and 
thirdly, to attend to all matters connected with 
foreign tariffs, commercial treaties, and home par- 
liamentary business, that may have a bearing upon 
the position of the iron and steel nhio~endindlng 
questions affecting the regulation of wages or of 
a purely local character—aud generally to take all 
ae measures for advancing the interest of the 

ritish iron and steel trades in their various 
branches. At that meeting a code of provisional 
rules and regulations was framed, and it was re- 
solved to hold a meeting for confirming these pro- 
ceedings in February, 1876, which meeting was, as 
already observed, commenced yesterday. 

Upon the present occasion there was a very full 
attendance of gentlemen connected with the iron 
and steel the majority of whom were 
members of the Iron and Steel Institute. The 


chair was occupied by the President, Mr, T. G. 





Clark, who, after the minutes of the previous meet- 
ing had been confirmed, proceeded to deliver his 
inaugural address, After thanking the members 
for the honour conferred upon him in electing him 
the first President of the Association, Mr. Clark 
proceeded to point out at length the aims and 
objects of the Association, or rather what they 
should be according to his judgment, giving his 
reasons for his views. He referred to the time when 
the iron trade of Great Britain was in the hands of 
avery few men, and when both commercial and 
legislative questions were seldom raised, and were 
easilysettled. The times had however greatly altered, 
and the fluctuations and alternations between pros- 
perity anddepression were frequent and severe, Com- 
binations among workpeople, too, had increased, and 
at times assumed gigantic proportions. Commercial 
treaties exerted their influence upon the iron and 
steel trades, which were also frequently affected by 
legislative agitations. ‘The functions and duties of 
the Association were indicated by these altered cir- 
cumstances, which demand amongst other things 
the collection and publication of the statistics of the 
iron and steel manufactures as well as those of the 
conveyance of the raw material and the manufac- 
tured product. 

In other respects the Association had important 
duties to perform; these were, to closely watch 
commercial treaties and the tariffs of foreign states, 
to see that the former were acted upon and the 
latter grappled with, where not absolutely prohibi- 
tive. ome legislation, too, was a subject for 
careful attention. Modern legislation, the President 
observed, interfered not so much with things as 
with persons and classes, and its tendency was in 
every case to add ,to the responsibilities, and, in the 
first instance, at any rate, to diminish the profits of 
the manufacturer. Legislation in the direction of 
manufacturers, therefore, required to be carefully 
watched, and where sound, promoted, where un- 
sound vigorously opposed, It has been suggested 
that the objects of the Association could have been 
more conveniently «ttained by the sarge of 
a committee of the Iron and Steel Institute, but 
as that Institute had been formed to engage itself 
only in technical matters and had proved so powerful 
and so successful, it was felt that it would be far more 
beneficial both for the Institute and for the trade that 
the commercial and legislative interests of the latter 
should be committed to an independent society, 
Questions affecting the regulation of wages or those 
of a local character are excluded from the scope of 
the Association, although it by no means follows 
that the philosophy of wages, and the distribution of 
returns between capital and labour, should not be 
considered, After referring to piecework and the 
action of trades unions with respect to it, the Presi- 
dent concluded a long and interesting address by ob- 
servingthatthe Association entered upon itsexistence 
in a time of general depression, and one in which 
we had to grapple with new and somewhat formid. 
able dangers. But the qualities which had gained 
would maintain success, and they knew but little of 
England who supposed that the energy and bold- 
ness of our capitalists, or the skill and industry of 
our working classes had seriously fallen off, or that 
our internal disputes would not be conducted, on the 
whole, with that practical sense and moderation to 
which we, as a nation, laid claim, 

At the conclusion of the address a warm vote of 
thanks was accorded to the President, and a special 
resolution was unanimously carried confirming his 
appointment as President of the Association. After 
this a paper was read by Mr. B. Samuelson, M.P., 
upon the working of the Board of Arbitration and 
Conciliation for the North of England Manufactured 
Iron Trade, The author showed that the results of 
arbitration and conciliation had been thoroughly 
satisfactory. The system had been in qperation for 
nearly seven years, and it represented at the end of 
1875 the proprietors of 35 works and more than 
13,000 subscribing operatives. Subject to certain 
slight modifications Mr. Samuelson recommended 
the general adoption of boards of arbitration and 
conciliation. A motion to the effect that the pre- 
sent conference considered the working of the Board 
in the North of England successful, was proposed 
by Mr. Samuelson at the conclusion of his paper, 
and was seconded by Mr. Edward Williams who 
had had practical experience of its working. Mr. 
Bleckley, however, spoke against the resolution as 
did also Mr. Menelaus, and Mr. I. Lowthian Bell, 
M.P., who proposed an adjournment of the question. 
A warm discussion upon the merits of arbitration 





then took place, in which Mr, Thompson, Mr. 





Robertson, Mr. Whitwell, Mr. Mundella, M.P., 
Mr. Newmarch, and other on took part, In 
closing the discussion the President observed that 
those gentlemen who had spoken in favour of arbi- 
tration had had experience of its working, whilst 
those who had spoken to some extent against it had 
not. It was, however, admitted on all hands that 
the system was good, and in order that the meeting 
should not hastily commit itself to an expression 
of opinion it were better to adjourn its consideration 
to another meeting. To this course Mr. Samuelson 
at once assented. 

The concluding business of the day was the - 
ing of a resolution on the motion of the President, 
to the effect that the Board of Management of the 
Association be requested to give their attention to 
making a representation to Government upon the 
subject of obtaining full and early official informa- 
tion upon all statistical matters connected with the 
iron and steel trades. The motion having been 
seconded by Mr. I. L, Bell and carried, the confe- 
rence was adjourned to 11 o’clock Friday—this day 
—for the consideration and discussion of other sub- 
jects affecting the Association. 


NOTES ON TORPEDOES.—No. IV. 
Maruieson’s CrrcuitT-CLosEr. 

Tue early form of circuit-closer devised and ex- 
perimented upon by Quartermaster-Sergeant Ma- 
thieson, has little in common with his present com- 
paratively efficient apparatus. And although it 
age the marked advantage over those invented 

y Professor Abel of employing no external mecha- 
nism to communicate the blow of a ship to the in- 
terior apparatus, there was nothing beyond the fact 
of it having been designed at the Submarine Mining 
School, Chatham, to recommend its adoption by the 
Government in preference to the neat, cheap, and 
more efficient instruments invented by Captain C. 
A. McEvoy. 

The circuit-closing apparatus is enclosed in a gun- 
metal dome, the interior of which js rendered air- 
tight by the suitable application of gutta-percha 
washers. Buoyancy is im d to the entire 
arrangement by enclosing it in a pear-shaped vessel, 
with more than half its diameter in solid wood be- 
tween the point of concussion and the electric 
mechanism, 

The electric arrangement consists of a leaden ball 
attached to the upper end of a slender rod rising 
vertically from the centre of a metallic bridge 
which spans a cylindrical chamber. Into this 
chamber is inserted an ebonite base plug, through 
the centre of which passes two insulated copper 
wires for establishing electrical connexion between 
the cable and internal apeenerey A short dis- 
tance below the centre of the steel rod, and in- 
sulated from it, is attached the contact disc, to 
which is covnected an extremity of one of the in- 
sulated wires projecting through the ebonite base 
plug, the other being connected to a copper wire con- 
necting three brass contact springs projectin 
below an ebonite ring to which they are attach 
at equal distances one from another. This ring sur- 
rounds the vibrating steel rod immediately below 
the leaden ball, and is held in position by means 
of three vertical rods secured to the gun-metal 
base. 

The closing of the circuit is brought about in the 
following manner. When the wooden vessel en- 
closing the apparatus is struck by a passing ship, 
the leaden ball by means of its inertia tends to 
remain standing, deflecting the steel rod and 
throwing the contact dise into contact with the 
contact springs, the recoil causing the disc to oscillate 
against the surrounding springs a considerable 
number of times, the continuity of the contact being 
governed by the force of the concussion, To con- 
nect up the instrument for service, one extremity of 
the electric cable leading from the shore is jointed 
to an extremity of one of the insulated wires pass- 
ing through the ebonite base plug, the other end of 
the wire being connected with the copper wires con- 
necting the contact springs; the second insulated 
wire serving to connect the contact disc with the 
earth-plate, which is inserted in a suitable cavity 
cut in the wooden vessel. 

The absence of an air-tight chamber for supply- 
ing the requisite buoyancy is an obvious died. 
vantage where the apparatus is required to be 
retained moored in position for any length of time. 
But its principal demerit is stated to the lia- 
bility of the steel rod under certain conditions to 
frac 








ture. 
An illustration of the apparatus is given in Figs. 10 








154 


ENGINEERING. 





[Fes, 25, 1876. 





to15. Fig. 10 shows a vertical section of the wood 
buoy, with apparatus and mooring chains complete. 
A is the gun-metal dome enclosing the copes B 
the w vessel or buoy, C C C the shackles to 
which the mooring chains D are attached, E EE 
are } in. wrought-iron bolts which pass vertically 
through the vessel, clamping together the wrought- 
iron plates FF. Gisa wooden cap or plug. H the 
hoisting ring for raising the mine or lowering it 
into position, and I I are wrought-iron hoops. 
Fig. 11 is a plan of the bottom and Fig. 12 a plan of 
the top. 





Fig. 13 is an enlarged view of the circuit-closing 
apparatus shown in section. A is the gun-metal 
dome, cast with a square projection B, to which a 
spanner is fitted for screwing the dome to the gun- 
metal base C, a guttta-pe washer being em- 
ployed to render the interior air-tight; E is the 
vibrating steel rod, F the gun-metal bridge, and 
G the leaden ball or weight, provided with an 
india-rubber ring H, which acts as a buffer, should 
the ball come in contact with the gun-metal dome, 
The weight G may be raised or lowered “and the 
deflection of the steel rod consequently regulated” 
by means of the nutsII. J is the metal rim of 
the contact disc, insulated from the steel rod by an 
ebonite collar R. LLL are brass contact springs 
attached to the ebonite ring M, which is supported 
on three rods N N N. Ois an ebonite base plug con- 
veying the insulated wires V V into the interior appa- 
ratus for establishing electrical connexion between 
the cable and the instruménts. The hexagonal screw 
piece P being eo oe to force the ebonite plug 
against a gutta-percha washer in order to preserve 
the interior of the gun-metal dome air-tight. 

It will be easily understood that so long as the 
apparatus remains at rest, the circuit will be broken 
at the point Z by the small space intervening be- 
tween the contact disc and the contact springs; but 
on the vessel enclosing the apparatus being struck 
with sufficient force todeflect thesteel rod E, thespace 
between the contact points will be or over, and 
the circuit closed. The current set up by the action 
of the battery on shore, flows through the cable 
and insulated wire V' to the metallic rim J of the 
contact disc, by the contact springs L I. L to the in- 
sulated wire V*, and so to earth, 

A number of these costly, but certain'y inefficient 
appliances, were added to the Government stores, 
during the late Franco-Prussian war, with a view 
to the possible contingency of their being required 
to guard our coast. 


Prorecrion oF Dockyarps From Frre.—The Lords 





THE MERCHANT SHIPPING BILL. 


Tue “ Courts of Survey” which the Government 
propose to set up in the different seaports of the 
country for the purpose of deciding in future 
whether ships are overladen, or in other respects 
unseaworthy, are to be constituted as follows : 

The court will consist of a judge (a wreck com- 

missioner, stipendiary magistrate, county court 
judge, or other fit person) and two assessors. The 
assessors are to be ‘‘ persons of nautical engineering 
(whatever that may mean) or other special skill and 
experience.” One of them is to be appointed by 
the Board of Trade, and the other is to be summoned 
‘‘ by the registrar of the court, out of a list of per- 
sons periodically nominated for the purpose by the 
local marine board of the port, or if there is no such 
board, by a body of local shipowners or merchants 
approved for the purpose by a Secretary of State, 
or if there is no such list, shall be appointed by the 
judge.” 
The case is to be heard in open court, and the judge 
and each assessor may survey the ship, and the judge 
may appoint any competent person or persons to 
survey the ship, and the judge will have power to 
release the ship, but will not have power to detain 
her unless one of the assessors concurs in an order 
for detention. The owner and any of his represen- 
tatives may attend and watch the penny at 
any inspection or survey made by the court or re- 
presentatives of the court. 

If it appears there was not reasonable and pro- 
bable cause for the provisional detention of a ship 
under the Act, the Board of Trade will be liable to 
pay the owner the costs of, and incidental, to the 
detention and survey of the ship, and conversely if 
it appears there was reasonable and probable cause 
for the detention the owner will be liable to the 
Board of Trade for the costs. 

It is impossible to say precisely beforehand what 
kind of a court this ‘“‘ Court of Survey” will be, be- 
cause much will depend upon the selection of 
assessors, and the influence those assessors will be 
found to exercise ; but a fair approximate idea can 
be formed of what they are likely to be. In con- 
stitution the court will much resemble the present 
courts of inquiry into the causes of shipwreck and 
disasters at sea, the chief difference being that in 
the latter the Board of Trade nominates all the 
assessors, whereas in the proposed new courts they 
will nominate only one half of them. It is fair to 
assume that the assessors, like those now appointed, 
will be composed either of naval captains or sur- 
veyors to the Board of Trade. In some cases it is 
found that the assessors so — are fully 
capable of fulfilling the duty and of directing the 
inquiry into the proper channels, as well as of advis- 
ing the judge on technical matters ; but in too man 
instances their lack of judicial training is allied with 
such strong professional prejudices—often erroneous 
—that they go far to frustrate the ends of justice. 
We know instances where technical data of vital 
~ eo to the inquiry have been entirely misread 
and misapplied by the assessors, and where the 
verdict has rested entirely upon those misappre- 
hensions, <A judge acting alone usually asks, and 
continues to ask for explanations until he gets to 
understand the true bearings of the evidence. 
Assessors, on the other hand, are too apt to fancy 
that such inquiries on their part would display 
weakness or want of knowledge, and hence are 
sometimes induced to assume they know the case 
when they really do not, and are thus led into mis- 
leading the judge as well as themselves by their 
own inherent weakness. 

This evil will be to some extent corrected by the 

resence of an assessor elected by the shipowning 
interest of the neighbourhood. Much, however, as 
we have said, will depend upon the kind of as- 
sessors, the local marine boards, or other local 
authorities elect to represent their interests. Want 
of time will probably induce the best men in the 
neighbourhood, those in active business, to decline 
being nominated as assessors. Among the re- 
mainder, the choice will, at least in many cases, 
incline to those people who are most likely to go 
thoroughly in for the interest of the shipowner. 

We have thus the prospect in these courts of 
much antagonism on the bench, which perhaps is in 
some respects advantageous, but there will be, 
almost inevitably, this serious drawback, that in 
some parts of the country the shipowning influence 
will prevail, and in others it will be overpowered, 
and this must lead to inconsistencies between the 
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verdicts delivered in different parts of the country, 


and will thus afford serious grounds for complaint, 
and fresh food for discontent and continued agita- 
tion. 

We are aware that some shipowners have de- 
manded local courts of appeal from the arbitrary 
decisions of the Board of Trade surveyors on 
matters of loading and seaworthiness. We venture 
to predict that if the provisions of the Bill before 
us relating to these courts of survey become law, 
we shall soon hear the same voices loud and bitter 
in condemnation of the incessant worry and litiga- 
tion to which they are subjected, and the uncer- 
tainty and confusion into which they are thrown by 
the variation in the latitude allowed and the 

ractices prevailing in the different ports of the 
ingdom, 

We cannot conceal the astonishment with which 
we read that the Government intend in their new 
Bill to perpetuate the load-line clauses contained in 
the temporary Bill of last year. The main dif- 
ference is that by the new Bill the owner will have 
the right of immediate appeal from the decision of 
the Board of Trade surveyor to the local ‘‘ Court 
of Survey.” Or instead of this appeal, the owner 
or master may ‘‘ require that the person appointed 
by the Board of Trade to survey the ship shall be 
accompanied by such person as the owner or master 
may select out of the list of assessors for the Court 
of Survey, and in such case if the surveyor and 
assessor agree, the Board of Trade shall cause the 
ship to be detained or released accordingly, but if 
they differ the Board of Trade may act as if the 
requisition had not been made, and the owner and 
master shall have the like appeal touching the 
report of the surveyor as is before provided.” 

The case will now stand as follows: We want 
to stop overloading. We know that ships are, as a 
rule, much more deeply laden on the homeward 
voyage than on the outward voyage. Freights 
home are much higher than freights out, so that the 
temptation to overload abroad is greater than it is 
athome. To prevent overloading at home we ap- 
point surveyors and detaining officers at the various 
ports in this country, to stop any ships going to sea 
overladen, and the decision on this intricate ques- 
tion of what the maximum load-line shall be for any 
ship, is to be left to the decision of small local courts 
constituted as described above. 

This is to be the case, so far as ships loading out- 
wards are concerned, But it is said we must make 
some provision against the ship overloading abroad. 
We make the owner mark on the ship’s side before 
she leaves this country the ‘‘ maximum load-line in 
salt water to which he intends to load the ship for 
that voyage.” The position of this mark is abso- 
lutely without restraint and without consequence. 
The Government has no power to stop a ship be- 
cause her marks are too high, and ina dispute about 
the load-line, when an appeal is made to the ‘* Court 
of Survey” the position of the owner’s mark will 
count for nothing, and the case will have to be de- 
cided upon the ship’s actual draught of water and 
freeboard. The ship may be pronounced overladen, 
and yet the owner’s maximum load-line be 6 in. or 
a foot above water. Wesay she shall not leave the 
ports of this country unless she be lightened first, 
and yet we then leave her to start, bearing all over 
the world an official mark, a compulsory mark, which 
in foreign ports is taken to mean her actual Govern- 
ment recognised load-line—in some Continental 
ports it is supposed to be Mr. Plimsoll’s load-line— 
and which we know perhaps to be an unsafe line, and 
which in this country would not be allowed to come 
within a foot of the water. Steamers coming home 
can load much deeper than going out, because they 
lighten so much on the homeward voyage, that even 
if they start my deep, down to the owner’s marks, 
they get to a draught of water which will pass 
muster when they reach home. Why should a ship 
be allowed to go to sea with a load-line marked ‘to 
which the owner intends to load her” if we would 
not allow her to load down to that line in any port 
of this country? If we are to prevent overloading 
abroad by making owners mark their maximum load- 
line inthis country, and by forbidding them to alter 
it until they return to this country, it is surely in- 
cumbent upon us to attach some importance to where 
they mark the load-line, and to insure that it is not 
an unsafe load-line they are marking by Govern- 
ment compulsion, baw 

As at present viewed, the owner's load-line is 
werless for while it gives colour to over- 
loading ab and has a strong tendency to foster 
deep loading as a rule rather than as an exception. 








We do not see how it is possible to stop per- 
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manently at the point where the Government stops 
in their Bill. Viewing overloading as we do with 
horror, and believing as we do that it is far more 
common than is generall supposed, we would still 
far rather see the ‘‘Joad-line” dispensed with al- 
together, and trust to records of draught of water 
and freeboard being inserted every voyage, than 
continue the ‘‘ owner’s load-line” as it is now, and 
as it is proposed in the new Bill, without attaching to 
it any notice, or any responsibility, and without 
placing it under any restraint. 





PLIMPTON’S ROLLER SKATES. 

JupGiInG from the remarks which have been made 
in some of our contemporaries respecting the action 
of the inclined axes or ‘“‘ bogie pins,” as we may call 
them, of Plimpton’s roller skates, the connexion 
which exists between the angle of these axes and 
horizontal deviation of the axes of the wheels due to 
any given amount of lateral tipping of the skate, 
does not appear to be generally understood. Yet 
the relation between these angles can be stated by a 
very simple expression. If a=the angle formed by a 
‘bogie pin” with the horizontal; =the angle through 
which the skate is tipped laterally; and c the angle 
by which, in consequence of this tipping, the axis of 
each pair of wheels is caused to deviate from a 
line at right angles to the centre line of the skate, 


then tan. one xen. 5 From this expression 
COs. & 


it will be seen that the maximum horizontal devia- 
tion of the wheel axles from a line at right angles to 
the centre line of the skate would occur when the 
skate had been tipped laterally through an angle of 
90 deg., in which case the angle ¢ would equal the 
angle a, or, in other words, the maximum horizontal 
deviation of the wheel axle from a right angle is 
equal to the inclination of the bogie pin with a hori- 
zontal line. 
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Physical Geography, or the Terraqueous Globe and its 
pbs Tilastrated with 125 wood engravings, 
frontispiece, and 12 maps. By WILLIAM DEsBoRoUGH 
Coouzy. London: Dulau and Co., 37, Soho-square, 
1876. [Price 21s.] 

ALTHOUGH the work of the civil engineer generally 

only requires his particular and close study and 

examination of some comparatively minute portion 
of the earth at a time, yet a general knowledge of 
the physical effects that take place on the whole 
surface of the earth, by which we mean land, sea, 
and atmosphere, must always be of interest to that 
reflective mind which an engineer should and gene- 
rally does possess. Indeed, the student intending to 
enter the profession, ought to have his attention 
drawn to a general survey of the laws that are 
silently working their effects on the earth’s surface, 
liquid, solid, and atmospheric, as much as to the 
more precise studies of mathematics in all its 
branches, natural philosophy, the knowledge of 
materials, and the engineering experience already 
gained. In fact, also, to appreciate the luxury and 
power of mathematical analysis it is necessary to 
take a general survey of the globe in order to see 
the number of questions unsolved on which an 
immense amount of statistics have been gathered 
and systemised and thought expended, and which 
yet open unlimited scope for study and reflection, 
and particularly for the application of mathematics. 

Mr, Cooley’s work seems to us to embrace in a 
volume of 429 — a really general view of the 
earth’s surface and atmosphere in the most complete 
form and in all cases up to date as regards the most 

recent observations, statistics, and opinions. A 

veteran in geographical studies and work (formerly 

vice-president of the Royal Geographical Society), 
the author of one of the very best ‘ Euclid’s Ele- 
ments” ever published (published in 1840), and also 
of ‘Geometrical Propositions,” an excellent geo- 
metrical work, of the same date, Mr. Cooley com- 
bines the mind of the mathematician with the know- 

ledge of the geographer, and has now produced a 

work which we firmly believe will become a text- 

book of that science, or those branches of science, 
which the author has termed ‘Physical Geo- 
gray hy.” 

ginning with a general sketch of the solar 
system, the author passes on to the earth, its dimen- 
sions, orbital motion, measurement of an arc of the 

meridian, geoditic surveys, variation of gravity, &c. 

Next follows an excellent chapter on the various 


projections for maps, &c,, well illustrated by wood- 
cuts, Then follow chapters on heat, particularly as 
regards its amount in, below, and immediately above 
the surface of the earth, whether by solar or internal 
causes. In this chapter the distribution of sunlight 
is illustrated very —— Terrestrial radiation 
follows. ‘The atmosphere, its composition, variation 
in pressure as regards latitude and other causes, form 
other chapters. Then water and vapours are trea 
of, and here the author points out that ‘“‘ The fact 
that the increase of vapour tension is more rapid 
than that of temperature has an important conse- 
quence which deserves attention. If temperature 
and its accompanying humidity always varied in the 
same proportion, then in all mixtures of currents at 
different temperatures, the same harmonious pro- 
portions would still be found. But since the in- 
crease of vapour outruns that of temperature, the 
air formed by the mixture of any two vapour-laden 
currents of air will always be supersaturated, for 
their united vapour exceeds the amount supportable 
by their mean temperature.” This is well illustrated 
by a geometrical diagram. In Chapter X. and XI. 
temperature is again dealt with. Then follow 
chapters on the winds, cyclones, &c., with diagrams 
and plates, and some of the views of Captain 
Maury are criticised. 

Clouds and the various theories regarding them 
form aninteresting chapter. Mr. Cooley hasa theory 
as regards the relation between the formation of 
clouds and electrical causes which, partly supported 
by views set forth by Herschel, deserves serious 
consideration. 

Rain is next dealt with in a most masterly manner, 
and the various dry statistics, as regards rainfall 
at different localities are, as it were, brought into 
narrative in such a manner as to coax the reader 
to imbibe a mass of valuable information whilst 
imagining that he is reading—we were going to say a 
novel—but we mean something far more interesting 
than most novels. 

Springs, rivers, wells, deltas, and the ocean 
follow, and the depths, temperature, and saltness of 
the latter are fully dealt with, and all the theories, 
as regards circulation, cause of colour, &c., are dis- 
cussed. The tides are ably treated, and then follow 
currents. As regards the velocity of the water in 
rivers it is observed: ‘‘At the bottom the river's 
velocity is least but most important to be deter- 
mined, as upon it depends the transport of materials 
and ——— changes in its channel. If bodies 
alike in figure and specific gravity but differing 
in size be immersed in water, the larger will be the 
less easily moved, because their weight increases 
as the cube of any single dimension, while their 
surface which gives a hold to the water increases 
only as the square. The larger the body, therefore, 
the heavier it is in relation to the force acting on it. 
Consequently the force of a stream depending on its 
velocity may be accurately estimated from its power 
of moving the minerals in its bed. But this rule is 
strictly true only when applied to bodies alike in 
figure. Rounded pebbles which roll are more 
movable in water than sand.” 

‘¢ The power of river currents is shown in the fol- 
lowing Table : 


ft. in. 
‘* A speed of 0 3 per second can move river mud 
small gravel 
common sand 
large shingl , 
es ie 
broken stones 
” ” » Stratified rocks 
»” 10 ” »» hard rocks.” 

Snow and ice, as regards latitude and the vari- 
able level of perpetual snow, the limit of polar ice 
and the question of ground ice in rivers and har- 
bours, is treated. 

In the chapter on mountains, Mr. Cooley shows 
that the feelings of the artist are not incompatible 
with the mind of a mathematician and _philo- 
sopher. “‘ Few men,” he observes, ‘ are insensible to 
the charm of mountaia scenery. Mountains banish 
monotony from the earth’s surface. Their outlines, 
graceful or fantastic, vividly traced on the sky, and 
their many tints mellowed by distance, holding out 
the promise of bright light and wide prospect, en- 

e the imagination, The individuality of their 
pana makes a deep impression on the memory ; so 
that of all men mountaineers are most characterised 
by local attachment, They never forget nor lose 
their affection for the well-marked features of their 
—a, homes.” 

en follow the Alpine snows, 
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come to atmospheric electricity, a &c., hail, 
&c. The last two chapters (29 and 30) are extremely 
interesting. In the last but one the theory, or rather 
calculations, as regards the past changes of climate 
on the earth, as advanced by Mr. James Croll, are 
given, Nothing we have ever read appears to re- 
concile the knowledge of per wclnae ie Ae g calculations 
with the evidence of a change of climate on portions 
the labours of geo- 
logists so well as Mr. Croll’s views. These are 
lucidly and graphically illustrated by Mr, Cooley, 
although some portions of Mr. Croll’s calculations, 
as the supposed accumulation of polar snow, 
Mr. Cooley disputes. 

Mr. Croll’s explanation of the changes that have 
taken place in climate may be briefly explained as 
follows: The eccentricity of the earth’s orbit varies 
and was at its maximum 850,000 years ago, out of 
several dates for which the eccentricity was calcu- 
lated, ranging through the last 2,650,000 years. 
But this also occurred at a time when the was 
in aphelion (or furthest from the sun), during the 
winter of the northern hemisphere, That is, the 
earth was (contrary to the present state) furthest 
from the sun during English winter, and was also at 
a greater distance by a fifteenth part from the sun 
than it ever is now. The combined effect of these 
events are thus stated by Mr. Cooley, ‘Now the 
increased eccentricities of the orbit which occurred 
at the second, fourth, and sixth dates in the pre- 
ceding Table were capable of bringing about the 
extreme revolutions of climate, the traces of which 
at present astonish the geologist. 

*“‘ About 850,000 years anterior to 1800 the length 
of winter exceeded that of summer by 84.7 days; 
the decrease of winter temperature was 45.3 deg. 
Fahr. The mean temperature of Great Britain now 
39 deg., being then only 6.8 deg., about equal to 
_ My wie ge Zemlya at ie resent day. The 
glaci iod, therefore, might assigned to an 
of those dates,” ¥ i : 

Throughout the whole work, the received views 
on each subject are given, and in certain cases the 
author’s own new views are stated and sup 
by sound argument, but the limits of a review forbid 
our entering into each case. We have only room 
for one on hail. As regards hail, the explanations 
generally offered are, according to Sir J. Herschel, 
‘too absurd to need refutation,” Our author's 
views here are worthy of mark, 

‘‘ The peculiarities of hail which require explana- 
tion are, first, hailstones often or generally exhibit 
in their structure a twofold structure; they have a 
nucleus of rough ice or concentric layers, and over 
this a coating of ice crystals; secondly, the hail 
shower is long and narrow, brief and local.” 

“Now it is oy admitted that.thunder 
always precedes hail; and electricity alone seems 
capable of accounting for the one thing required 
far the production of hail, namely, intense and 
sudden cold. If the action of lightning in the clouds 
resembles its action on trees in a forest, if it rends 
the air and repels it with extreme violence in all 
directions, the result must be a momentary vacuum, 
or a dilatation approaching to a vacuum through- 
out the whole line of electric action, The immediate 
effect of that dilatation must be intense cold, the 
more intense the more rapid the process; and the 
humidity immediately involved in it will be con- 
gealed, but with a speed and violence incompatible 
with crystallisation, Both Sir J. Herschel and M. 
Arago state that hailstones are due to sudden and 
intense cold; and whence can this come but from 
dilatation produced by electricity? Hence the 
nuclei of the hailstones, The cloud around the area 
of dilatation will be compressed, and thereby 
brought to a state of saturation. This abundant 
moisture is quickly gathered by the intensely cold 
nuclei which collect ice in falling as long as they 
retain excess of cold. Falling faster than liquid 
drops they grow larger at the lower end, hence they 
are often pear-sha Strong wind might produce 
the same effect, ‘Thunder-storms over plains always 
advance in lines with little breadth. No reason can 
be assigned for the narrowness of hailstones, except 
their dependence on electricity.” 

The work consists, as we have before stated, of a 
general but comprehensive survey of all the prin- 
cipal phenomena of the earth, the ocean, and the 
atmosphere. We know of no other publication 
which embraces in one volume so much and such 
varied information on these subjects, It is pleasant 
— and has just that amount of illustration, 
lettered diagrams, and plates of isothermal lines, 
&c,, that are necessary to explain the more abstruse 
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Lockwood and Co. [Price 21s.] 

An Encyclopedia of Architecture, Historical, Theore- 
tical, and Practical. By Joszrn Gwitt, F.S.A., 
F.R.A.8. Revised, with alterations and considerable 
additions, by Wrat Parwortu. New Edition. London: 
~~ Green, and Co. [Price 52s. 6d.] 

The Economy of Workshop anipulation. By JoHn 

Ricwarps. London: E. and F. N. Spon. ice 5s. 

Principles of Coal Mining. By J. H. Coturns, F.G-.8. 
London and Glasgow: W. Collins, Sons, and Co. 
[Price 1s.] 

Colliery Management, with Illustrations. By JonaTHAN 
a mc: and M.E. Second Edition. ndon: W. 

- Hatchi 


Letters from Russia in 1875. By E. J. Rerp, C.B., M.P. 


London : John Murray. 
ag oh Architects’ and Builders’ Pocket-Book of Useful 








emoranda and Prices. By W. Youna. mdon : | stock ; I entirely approve of that system, if some powerf 

E. and F. N. Spon. [Price 3s. 6d.) retarding influence is brought to bear upon tho weigh 
cme and a aswell. I ~~ easily understand that 
y increasing the strength of the couplings, fourfold or 
MARYLAND CoaL.—The exports of coal from theCumber- | even tenfold if necessary, the separation of the engine from 

land district in the State of Maryland were »s follows last | the train is rendered almost impossible. 

: By the Baltimore and Ohio eee LT tons;| I want to lay down as a principle, to be enforced upon 
; = hesapeake and Ohio Canal, 879,985 tons ; and by t more efficient brake power 


lvania State line, 160,708 tons ; 
of 2,281,415 tons. As compared 
a decrease of 129,480 tons. 


making a total 
with 1874, this total exhibits 





LonDon ASssOcIATION oF FoREMEN ENGINEERS AND 
DravenTsMEN.—The twenty-second anniversary festival 
took place at the London Tavern on Saturday . It 
was attended by over three hundred members of the 


So ant ae Mr. Moreland, C.E., pre- | no less that the speed at which they are travelling, which 
, and the Earl of Rosebery, Admiral » Mr. | causes the destraction of life and 3 

Samuda, M.P., Mr. John Penn, Mr. J. Newton, and| The collision between the Iron e and the V; 
others spoke on the occasion. About 150 were | was but slight, as a shock, but the meeting forces bei 
subscribed to the benevolent funds of the several thousand tons in weight the disaster was immense, 


dependent on the greatest pressure that is borne on any 
one 


proportion of A Bto BC. 


B A, whatever be the weight on journal, will be reduced to 
a minimum, and this must consequently be the best possible 
bearing surface to give to prevent wear and friction. 


plan has enabled many 
formerly giving constant trouble by heating with larger and 
smaller bearing surf: 


means discourage the use of continuous brakes to rolli 


all our pepe emereens t 
be applied to 
plication of power be operated (as it can be) by the driver 


simply turning on a steam 
applying proportionately eff: 


part of the train which, 
momentum, for it is the weig 


» by 
converting it into mineral wool. During that year I (having 
been some years with Mr. Player) was desired by the ad- 
ministrators of the estate to devise as an experiment some 
means of making this material. I ncoertingy erected a 
small steam jet cupola at Conshobocken, in which I melted 
a quantity of slag froma charcoal furnace, and after one 
or two trials succeeded in making several hundred pounds. 
I found that the hotter the slag and the closer the jet as it 
came out the finer and better the material; and I should 
judge that, from what your correspondent Mr. R. Ranson 
says, in your issue of January 7, that if Mr. Krupp allows 
the slag to fall 30 in. before the cold air strikes it, that the 
material will be very coarse and full of shot, as molten slag 
cools so very rapidly; in fact, that was one of the great 
difficulties I had to contend with, which would be greatly 


rubbed between the ers, which soon undeceived the 
most sceptical party. have several times seen people 
pick up what bad been blown away into the street and at- 
tempt to get a light with it. As an incombustible non- 
anlute it is unsurpassed, if it can be kept and used in 
this light woolly state, but as was natural to expect, it 
unfortunately would all go to powder with very little 
handling, and as soon as mixed with anything to hold it 
together it would lose very much of its non-conducting 








AXLE BEARINGS. 

To THE Eprror oF ENGINEERING. 
Srr,—Seeing the great diversity of opinion held by en- 
gineers both in England and abroad on the proper bearin, 
surface to give to brasses of railway carriages, I am ind 
to send you the following remarks : 


WX 








1. It is evident that the tendency a journal has to heat is 


point. 
2. The greatest pressure is always at B where it is in the 


8. Now by taking the bearing surface of the brass D B 
+ of the circumference, the pressure at B in the direction 


I may remark that in practice, fitting the brasses on this 
carriages to run which were 


aces. 
Yours, &c., 
W. W. Parerson. 
22, Rue Marie de Bourgogne, Brussels, Feb. 16, 1876. 








THE ABBOT’S RIPTON COLLISIONS. 
To THE EpIToR oF ENGINEERING. 
S1r,—Apropos of the editorial remarks at the foot of 
my letter in last week’s ENGINEERING, I do not by any 


th engines and tenders, and that such ap- 
(who has his eye constantly on the look out for signals) 
here can be no doubt whatever of the advisability of 
lective ing power, to that 
the heaviest, has the most 
it of the engines and tenders, 


Steam 


were, I thought, conducted with a view of providing suffi- 
cient brake power to passenger trains, and a glance at the 
fe mer you — & Rie ore \ all ave. to show sor 

vantages gaine applying es to enginé an 
tender, even if that to the fas m4 be the risky expedient of 
reversing. 

I should like you to have remarked be ag the concluding 
pa ph of my letter of the 12th inst., where I recom- 
mend brake power being enforced upon engines and tenders 
proportionate to the speed at which they are allowed to 


run. 

Yours truly, 

JOHN BARBER. 

14, Park Row, Leeds, February 21,1876. 
P.S.—In my last I omitted to state that the incline down 
which the experiment was made with No. 892 Midland en- 
gine, on December 27th last year, was 1 in 60. : 
[We have before expressed our opinion that a continuous 
brake to be thoroughly efficient should act on the engine 
and tender wheels as well as on the wheels of the train. 
With the Westinghouse brake there is no difficulty in 
carrying out this arrangement.—Eb. I.]. 





NOTES FROM THE SOUTH-WEST. 
Bristol Tramways.—The directors of the Bristol Tram. 
ways Company recommend a dividend for the past six 
months at the rate of 10 per cent. per annum, together 
with a bonus of 2} per cent. The traffic on the Redland 
line through the winter has been so large that it is considered 
necessary, in view of the coming summer season, to provide 
four additional cars for this line, and these have been 
ordered of the Starbuck Car Company, and will shortly be 
delivered. Powers have already been granted by Parliament 
to the company for the construction of tramways from the 
corporation line in Perry-road, through Maudlin-street, 
across the New-street, and into Broadmead, and thence 
through Lower Castle-street to Old Market-street, from 
whence lines will proceed to Fishponds and St. George. 
The sanction of the Board of Trade is now being sought for 
the construction of a line from Victoria-street, passing the 
railway terminus to Totterdown; and also for a line in- 
tended to branch from the corporation line near the Victoria 
Rooms, and through Queen’s-road to Victoria-square, 
Clifton. The latter line is considered by the directors to 
be important to the public convenience, because much of 
the traffic from the Drawbridge might then proceed direct 
to Clifton, and this would leave the line from the Victoria 
Rooms to d open for the reception of the additional 
traffic from the eastern districts. A contract has been 
entered into with Mr. W. T. Mousley for the construction 
of the first section of the lines between Old Market-street 
and bees geese and land in Fishponds-road has been 
purchased upon which the necessary stabling and ear 
accommodation for this line will be erected without delay. 
It is hoped that this section will be opened for public c 
in May. 

Coal in the Rhondda Valley.—The Ocean Collieries, at 
Pentre, of Messrs. David Davies and Co. are only workin 
about half time just now. The Messrs. David Davies an 
Co.’s new pit on the Bwllfa Farm, near Pentre, is bei 
se anys | sunk down to the lower steam-coal measures, an 
very shortly it is expected that many hundred more work- 
men will be employed. The Pentre Colliery of the Cardiff 
and Swansea Steam Coal Company is being daily kept 
oing, raising very large quantities of smokeless steam coal, 

ing well and regularly supplied with empties by Messrs. 
Cory Brothers and Co., of Cardiff. This large colliery is 
now well filled with colliers. 


The Cyfarthfa Works.—A deputation has waited on Mr. 
Crawshay as to the restarting of these works. They had 
previously held a meeting at the Castle Inn and had drawn 
up a document for presentation. The document expressed 
the regret they felt at having been connected with the 
union, and stated that if Mr. wshay would kindly con- 
sent to restart the works they would give up all connexion 
with the union, and refuse to join any o' isation of the 
kind again. They begged of him to consider their present 
pitiable state, as many of them were in a condition of semi- 
starvation. The reply brought back to the men stated 
that Mr. Crawshay did not see his way clear to restart the 
works at the present rates of wages, and the price of iron 
in the market. It is, therefore, impossible to calculate 
with any certainty when the works are likely to be re- 
opened. 

_New Tin Works at Ystalyfera.—A rumour has been in 
circulation at Y era for some time that new tin-plate 


works are about being started in the neighbourhood. It 
appears to be a fact. The 
be agg are engaged in clearing and making the nece 

ins. 
ing a convenient site, as it is bounded on one side by the 
Midland Reilway, and on the other by the River Twrcb, 
and in close proximity to the Swansea Canal. 


has n taken, and 


The promoters have been very fortunate in se 


Newport (Mon.) Gas Company.—In order to tke 
been 


more ample and equal supply of gas to the lower 
the borough and to the Alexand 
decided to lay down a separate 18-in. main from the works 
to the Cardiff-road. Further works and deer ~. toners 


er Dock district, it 


resent premises for the inc man of 


shortly be commenced. 
Coal in the Rhym Mag Fp the New 











Coal Colliery work been carried on di 


“ig, 
week, but has been rather slack for want of orders. ork 
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has also been resumed at the Hope Colliery (Messrs. H. 
and W. Powell), where the reduction is about 30 per cent. 
The men have held meetings during the week, to consider 
the best means to obtain better terms, this being a non- 
associated colliery. At the Brithdir Colliery, also non- 
associated, there has been no work during the week, the 
men declining to accept a greater reduction than 10 
per cent. : 

Pontypridd Water Works.—The new works commenced 
in October last are progressing satisfactorily. The 12-inch 
mains have been laid from the site of the reservoir above 
Maerdy, as far as Ferndale, where the works in connexion 
with the service mains for supplying the houses are being 
carried out. The mains are also being laid between Fern- 
dale and Porth. 


New Railway Station at Plymouth.—A contract for the 
erection of the North-road Railway Station at Plymouth 
has been taken by Messrs. Vernon and Hughes, of Bir- 
mingham, at about 13,0001. The works will be proceeded 
with at once. 


The Plymouth Works.—At these works notices have 
been given to the effect that two of the collieries will cease 
working at the expiration of a jmonth. This will throw 
about 500 colliers out of work. 


Monmouthshire Railway and Canal Company.—A con- 
tract has been entered into for constructing the —— 
and Talywain Branch Railway, and the works are being 
proceeded with satisfactorily ; as are also the works for 
the deviation at Waterloo. Since the last half-yearly 
meeting the requisite steps, by arrangement with the Great 
Western Railway Company, have been taken by the com- 
pany for applying to Parliament for powers to a andon the 
authorised junction with the Great Western Railway at 
Waterloo, and to make another in its stead near the same 
place; also for constructing two additional parallel lines 
of railway between Bassaleg and Risca, on the Western 
Valley Railways, a distance of 3} miles. The Great 
Western Railway Company are applying to Parliament for 
power to construct a railway for the purpose of joining 
their railway with the Eastern Valleys Railway, near New- 
port, so that when these proposed junctions shall have been- 
completed, all passenger traffic can be conveyed to and 
from the Great Western Railway Company’s station, at 
High-street, Newport. 


Coal Winning at Maerdy.—Another seam of coal 18 in. 
thick has' beenstruck. There is a clod of only 4 in. inter- 
vening, between the first and second seams, which forms a 
solid bed of steam coal 5 ft. thick. The colliery is the 
property of Mr. Mordecai Jones, and is freehold. 

Swindon, Marlborough, and Andover Railway.—The 
half-yearly meeting of this company was held at Swindon 
on Wednesday, Mr. A. L. Goddard, M.P., presiding. In 
moving ,the adoption of the report and statement of 
amounts, the deputy chairman referred to the fact that the 
contract which had been entered into by Mr. William 
Wright for the construction ofjthe line had been annulled, in 
consequence of the contractor’s alleged liability to place on 
the ground 10,0001. worth of plant and material within a 
stated period, according to the provisions of the contract. 
The report was adopted. 


. £00 j 
The North Wales Collieries.—Mobt of the colliery pro- 
prietors in the neighbourhood of Buckley, in North Wales, 
have put up notices for a reduction of 15 per cent. Trade is 
very dull in the mining districts. 


Wages in th? Tin-Plate Trade.—A general movement is 
on foot to effect a reduction of the wagés now paid to the 
ironworkers at the various tin-plate works in Glamorgan- 
shire, and in works where the iron is utilised in the tin- 
plate trade. Notices to this effect have been given, and so 
far as concerns the Yspitty Works, Loughor, the proposed 
reduction will be as follows: Puddlers to be reduced from 
9s. 9d. to 9s. per ton; ballers, first heating cinder bottom, 
from 2s. 5d. to 2s. 2d. per ton; second heating cinder 
bottom, from 1s. 23d. to 1s. 1d.; first heating sand bottom, 
from 2s. 4d. to 2s, 1d. ; second heating sand bottom, from 
1s. 2d. to 1s. 0$d.; twice heating hot bloomers, from 3s. to 
2s. 8d. The rollers and catchers have also received notice. 
This reduction is not intended to affect tin-plate workers, 
but only those connected with the forge department. 


The Colliers’ Wages Reduction.—The news of the con- 
templated reduction in wages has caused much uneasiness 
and anxiety amongst people generally in Pontypridd and 
the Rhondda Valley. The colliers of the Aber Rhondda 
Colliery, near egg have, it appears, expressed their 
fag ee to strike. There are about 200 colliers employed 
in the pit. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday the attendance 
on ’Change at Middlesbrough was large, but again the 
amount of business done was insignificant. ig-iron 
makers offered No. 3 at 50s. per ton, but it could be bought 
for less thari that figure, as merchants anticipating a fall 
im prices are willing to sell at 49s. per ton. akers’ 
stocks are very heavy, and there does not seem any imme- 
diate prospect of their being reduced, the finished iron 
trade continuing in a depressed condition. The cloud is 
hanging a long time over Cleveland. It is a matter for 
sal m, however, that while, heavy failures have 
occurred in other parts of the country this district has 
suffered comparatively nothing in a direct manner from 
bankruptcies, and commercially | to the present time the 
Cleveland district is in a sound state. How long the 
general depression will continue is a question that no person 
1s bold enough to answer. While many of the blast fur- 


naces are standing idle from various causes, there are 





several firms building new blast furnaces. Whatever ma 
be the opinion of gloomy people, we venture to say that 
the present depression is only temporary, and that better 
trade will be experienced in this district. Certain it is that 
pig-iron making in Cleveland, large though it is now, being 
about one-third of the total production of the United King- 
dom, is only in its infancy. This branch of industry is bein 
developed at a very rapid rate, and a & vail 
able site for blast furnaces between the Cleveland and 
the River Tees will be occupied. 


The Finished Iron Trade.—Men largely engaged in the 
iron trade who ought to be able to look ahead, and predict 
what is likely to take place, declare that this department 
of iron making will not materially improve during the 
present year. They cannot see where orders are to come 
from. If rail orders were in the market they will probabl 
be steel rails, and, of course, say these men, Clevelan 
cannot entertain the inquiries. It is of the most impor- 
tance that Cleveland iron manufacturers should be in a 
position to make steel rails, and no doubt everything that 
can be done will be done to discover a method of making 
steel rails of Cleveland iron at a price which will secure 
orders for all parts of the world. In the mean%time the 
productive"power of the North ofEngland is enormons, and it 
is found that the works which are engaged in executing con- 
tracts for rails will soon complete them, and be compelled 
to close for want of orders. 


Another Limited Liability Company contemplated.— 
It has been stated ina semi-official way that the large concern 
of Messrs. Thomas Vaughan and Co., Middlesbrough, in- 
cluding mines, collieries, blast furnaces, and finished iron 
works, are to be turned over to a limited liability com- 
pany, the formation of which is in contemplation. There 
is no doubt that should this course be decided upon the 
company would be quickly formed. 

The Cleveland Miners and their Wages.—As we pre- 
dicted last week the award in the arbitration of the wages 
of the Cleveland miners is a reduction of one penny per ton. 
The men have accepted the reduction in a proper spirit, 
and work is going satisfactorily at the mines. 


Shipbuilders and Engineers.—On the northern rivers 


there is a fair amount of shipbuilding and engineering in | i 


progress, but there is nothing at present requiring special 
notice. 








NOTES FROM THE NORTH. 
Guasacow, Wednesday. 

Glasgow Pig Iron Market.—The warrant market was a 
shade firmer last Thursday forenoon, and business was 
done at 60s. 6d. to 60s. 8d. cash, and 60s. 9d. to 60s. 104d. 
one monthopen, closing nominally at the higher quotations. 
In theafternoon the market was quiet, business being done 
at 60s. 6d. cash and 60s. 9d. one month open, closing sellers 
at those prices, buyers 60s. 74d. cash. There was a general 
reduction in the prices of makers’ iron during the day. 
Messrs. William Baird and Co.’s Gartsherrie and Eglinton 
brands were reduced 2s. per ton all round ; Messrs. Merry 
and Cunninghame’s Carnbroe and Glengarnock brands 1s. 
all round ; Coltness and Langloan both 2s. per ton. There 
was also a certain degree of firmness on Friday forenoon, 
still only a very small amount of business was done, the 

rices being 60s. 7}d. and 60s. 9d. cash, closing sellers at a 
and buyers at a lower figure ; business was also done 
at 60s. 104d. one month, at which price buyers remained. 
The afternoon market was idle, no business Sony reverted, 
closing sellers 60s. 10}d., buyers 60s.;74d. cash. The market 
was fiat on Monday forenoon, and a moderate amount 
of business was done at 60s. 3d. down to 60s. prompt 
cash, and at 60s. 6d. to 60s. 8d. one month vig closing 
buyers 60s. cash, sellers 60s. 3d. one month fixed. Flatness 
was again the rule inthe afternoon. A fairish business was 
done at 59s. 9d. cash and 60s. one month open, closing 
with buyers at the former figure, sellers 50s, 10d. A 
further reduction in price took place yesterday forenoon, 
business being done at 59s. 3d. cash and fourteen days, also 
at 59s. 6d. and 59s. 44d. one month open, closing sellers 
59s. 3d. cash and 59s. 6d. one month, buyers 1}d. per ton 
less. ‘There was a firm market in the afternoon, and 
business was done at 59s. 44d. cash, closing buyers 59s. 3d., 
sellers 59s. 6d. The quotations for Messrs. Baird and Co.’s 
and Messrs. Merry and Cuninghame’s brands were all re- 
duced another shilling per ton. The market has been much 
depressed to-day, and the tendency is still towards lower 
prices. As low as 59s. and 59s. 1}d. cash was taken to-day, 
and 59s. one month was also accepted for 2000 tons. 
Several. brands of makers’ iron have been reduced in price 
1s. per ton to-day, and others 1s. per ton. Last week’s 
shipments amounted to 4637 tons as —- 9133 tons in 
the corresponding week of last year. ‘This is a somewhat 
deplorable comparison, and, what is worse, Scotland is im- 
porting more than is exported, last week’s imports from 
Middlesbrough into Grangemouth being 5130 tons. Trade 
appears to become continuously worse and worse. Makers 
have almost no inquiry. 

Marine Engines for India.—Last week’s foreign ship- 
ments from the Clyde included a pair of competent dana 
engines of 244 horse power, nominal, for Rangoon, where 
they are to be fitted into an iron paddle steamer which was 
lately shipped in pieces by Messrs. Robert Duncan and Co., 
Port-Glasgow. ‘The steamer is 249 ft. long, with breadth 
of beam 28 ft., and depth of hold 8 ft. ; rE 996 tons. 
She has four bulkheads, hurricane deck 8 ft. in height, 
under which there are the deckhouses, as in the American 
river steamers, surmounted by a ep ea roof or awn- 
ing, also about 8ft. in height. She be employed on the 
river Irrawaddy, and is the propery of the Irrawaddy 
Flotilla and Burmese Steam Navigation Company, 
Glasgow mdon. 


Institution of Engineers and Shipbuilders.—A meeting 











y | of this Institution was held last night—Mr. H. R. Robson, 


President, in the chair. There were el as members 
Messrs. W. Hannah, Board of Trade s or, Glasgow ; 
T. Kennedy, eer, Glasgow ; and J. Thomson, engi- 


neer, Glasgow. The President, in very feeling terms, re- 
ferred to the loss which the Institution had suffered since. 
the last meeting in the sudden death of Mr. B. Conner, one 
of its oldest members. He that the Council 
had resolved to make a suitable minute on the subject in 

the “Proceedings” of the Institution, and to transmit a 

copy of it to the widow and family of the deceased. A dis- 
cussion then took place on Mr. Brownlee’s per on “ The 
Action of Water and the Loss of Energy w it 

when Flowing at various Velocities through a Nozzle with 
a Converging Entrance and Divergi tlet.”” Mr. RB. 
D. Napier also'read a ge on the same subject. A paper 
was afterwards read by Mr. H. J. Boolds, Lloyd’s sur- 
veyor, Greenock, on “‘ A Pro ular Ship of War, 
with Special Reference to H.M.S. Vanguard.’’ The anthor 
said that in 1865, in a paper read before the Scottish Ship- 
builders’ Association, he had advocated the subdivision of 
war-ships into a greater number of water-tight com- 
poreeate ox “ nen, My was then de- 
scribing a pegs wy De construction 0: roposed 
cellular ship of war, he said that the recent ieahiae of the 
Vanguard by the ram of the Iron Duke had induced him 
to public attention again to the system of cellular sub- 
division. The discussion upon the paper was adjourned 
till next meeting. 

Glasgow University Engineering Students’ Society.— 
The fortnightly meeting of this ory was held last week, 
Mr. James G. Jenkins in the chair. paper of a consider: 
able amount of interest was read by Mr. R. O. Wood on 
the Henderson process, for extracting copper from the re- 
sidues of Spanish pyrites after the sulphur is burned off in 
the manufacture of sulphuric acid, a process which is now 
largely pursued in Glasgow, on the Tyne, at Widnes, Bir- 
mingham, and other important seats of chemical manu- 
factures. 

Widening the Glasgow and Paisley Railway.—For 
some time past operations have been in progress upon the 
ag and Paisley Joint Railway with a view of widen- 
ing the line, and near Ibrox it has found n to 
remove several of the bridges. On Sunday last one of the 
British Dynamite Company’s trained servants blew down 
one of them, the charge of dynamite used being about 15 Ib. 
The noise from the explosion was like the firing of a park 
of artillery, ont the — A. that en al = 
masonry was displaced e ready for rem 
workmen, a task which was effected in a few tabs Mr. 
Dundas, engineer of the line, and Mr. William Duncan, 
contractor, were present during the operations. 


Newhaven Harbour Improvements.—The work of im- 


roving Newhaven Harbour, which was p some 
ime vy ong for which powers were subsequently obtained 
by the Leith Dock Commission, has now been fai Aeon 
menced. The execution of it has been entrusted Mr. 


owners tor - a large wes of men will ee 
employed in the work. Preparatory operations have 
been completed, including the erection of extensive shedding, 
storehouses, office, forge, &c. A number of men are also at 
work, during both day and night tides, ing and form. 
ing into a foundation the loose stones deposited by the 
fishermen about twelve years ago. This portion of 
work will form, when ounees the western arm of the 
harbour, and will protect the fishing fleet from ithe gales 
which are prevalent so frequently from that direction. The 

ier will still be the protection from the comets storms, 
but to render it more effective for this purpose, it is to be 
extended in a pe pier yA and westerly direction over 100 ft. 
It is understood that the improvements are to be completed 
within twelve months. 


New Railway Bridge over the Clyde.— With the view of 
carrying their south side passenger traffic to the north side 
of the Clyde, and ultimately erecting a grand central 
station at Gordon-street, the Caledonian Railway Com 
are advertising for tenders for the eounbeuaion of the 
necessary viaduct over the Clyde, as authorised by the 
company’s Act of last year. It is estimated that there will 
be upwards of 2000 tons of iron in the contract. 





Bria1an Locomorive Burtp1nG.—The Belgian Minister 
of Public Works has given out an order for fifty locomotives 


on the express condition that no foreign materials are to be 
used in the construction of the en; The order has 
been divided between M. Carels, of , the Belgian Con- 
struction Company, the Haine St. Pierre Com , the 


Seraing Company, the St. Leonard Company, and the 


Belgian Colliery and Metallurgical Company. 





Tur ProsPpHoR-Bronzz ComPpANY.—The second an- 
nual general meeting of the Phosphor-Bronze Com: % 
Limited, was held at the offices, 139, Cannon-street, E.C., 
on the 28rd inst., Captain SirJ. E. Commerell, R.N., V.C., 
K.C.B., in the chair. The secretary read the notice 
vening the meeting, and the report of the directors with 
balance-sheet and revenue accounts submitted to the share- 
holders were taken as read and adopted, after some discus- 
sion respecting the dividend recommended, viz., 8 per cent. 
The chairman congratulated the shareholders on the con- 
tinued success of the company and the encouraging pros- 
—— the business for the present year. The i 

i r, Mr. J, W. Bushby, was unanimously 


; 


and Mr. Frnthjof Plahte was elected to take a seat at the 
board. After the pointment of the auditors and 
an expression of approbation of the services of the ma- 
of | 2aging director (Mr. G. A. Dick) and the officers of the 
company, @ ial vote of thanks to the chairman and 
poniin na Dg unanimously carried, and the proceedings 
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RatLwars tn QuaBsc.—The Parliament of the province | to Po du Fort, a Sates Mites of 50 miles, at an | evening, when the Bill was read a first time, but there may 
of Quebec has ratified an agreement for the construction | estimated cost of 50001. per be some verbal alterations in the measure which will mate- 
of a line from from to Portage du Fort, a distance rially the rigour of the proposed legislation of last 
of 351 miles, at an estimated cost of 70001. per mile; this| Tas New Parent Briu.—The Lord Chancellor has quenten the Bill is printed we shall refer to the 

timate includes, it is said, the establishment at of the line | reintroduced his Bill with a few trifling alterations. There | question again Meanvhile is amusing to notice that the 
with iron are to be no referees and there is to be no limitation of the Sip h finds fault with the Government for aban- 


bridges and steel rails and its uipment with roll- 
The Parliament of the province of of Quebec has 
ided for the construction of a line from Otta 


so much and the Standard is Ta gid displeased at 
ho veleatinn of preliminary examination 


This at least is all the information 


ing stock. grant to 
whieh his lordship vouchsafed in his speech on Tuesday 


further 
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LEGAL INTELLIGENCE: BREACH OF 
CONTRACT. following da 

Ow Tuesday the 15th inst. and on the three i ys, 
atrial of considerable im rtance was tried by special j 
at the — Court of Exchequer, Guildhall, 
before Baron Po! s 

The plaintiffs in the action were MM. Faure and Kessler, 
of Clermont-Ferrand, near Lyons, manufacturers of chemical 
a tus, and the defendant was Mr. Hugh Wallace, 
chemical manufacturer, at Battersea. This defendant had 
also entered a cross action for alleged breach of contract 

inst the plaintiffs, and this second action was taken 
with, and made dependent upon the result of the first. 

On the part of the plaintiffs MM. Faure and Kessler, 
— Sir Hardinge Giffard, the Solicitor-General ; Mr. 

ebster; and Mr. Alfred Cock; Mr. A. G. Ditton, of 
9, Ironmonger-lane, being the solicitor. For the defendant 
were Mr. Waddy, Q.C., and Messrs. Williams and 
Wallace. 

The action arose out of the alleged breach of a contract 
entered into between MM. Faure and Kessler and Mr. H. 
Wallace, in which the last-named gentleman undertook to 
erect, according to plans supplied by the plaintiffs, an ap- 
paratus for the concentration of sulphuric acid, and to pay 
the sum of 4851. as royalty to the plaintiffs, after the a 
paratus had been proved capable of concentrating efficiently 
the amount of 6 tons of sulphuric acid per day, as guaranteed 
by the terms of the contract, which stipulated also that the 
erection of the apparatus should be superintended by one or 
other of the plaintiffs. ’ 

The defendant maintained that the apparatus was in- 
efficient and impracticable, and that after giving it a fair 
trial he was compelled to remove it. On these grounds 
he refused to pay the royalty of 4851., and claimed from 
the plaintiffs a sum of 5551., alleged to have been expended 
in the alterations necessary to the establishment of the 
Faure-Kessler apparatus. To recover this amount the 
cross action was filed. 

The case was opened by the Solicitor-General, who after 
sketching its outlines, asserted that the real cause of the 
action was based, not on the merits or demerits of the a: 
paratus itself, but on the prejudice and antagonism dis- 
played by certain manufacturers of platinum alembics 
against the Faure-Kessler apparatus. 

For the plaintiffs, evidence was first taken as to the 
nature and arrangement of the apparatus, which was shown 
to consist either of one or a pair of shallow platinum pans 
of about 29 in. in. diameter, resting upon an iron ring over 
a circular opening in the furnace, the ring ing directly 
on the brickwork. The detailed cegree of the ap- 
paratus is fully described and illustrated on another page, 
and, therefore, we need not explain it in this place. For 
convenience during the trial, the circular channel in the lead 
work around the pan was called the “‘ gutter,’’ which when 
filled to the proper height with dilute acid formed an 
hydraulic joint, whether the so-called mastic joint were 
employed or not. The lower part of the leadwork, 
or “‘surbaisement,” rested upon six <<. by which 
its level could be adjusted, and the enclosing bell was 
carried entirely by three iron standards, so that while it 
entered the hydraulic joint in the upper part of the “ sur- 
baisement,”’ it did not in any way rest upon it. 

The accompanying sketch will explain the arrangement 
upon which the nm 4 discussion chiefly turned. In it, a is 
the pen pan resting on the iron ring k, upon the top 
of the brickwork n. The lead ‘‘ surbaisement”’ is shown at 
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the “‘gutter,”” which con- 
making an hydraulic joint 
g. At| K 





7D. 


e, the lower part of it formi 
tained, in working, weak acid, 
d, the height of which is limited by the overflow a 
¢ is shown the leaden ring which, soldered at o to the ‘‘ sur- 
ent” e, makes the contact joint with the platinum 
pan, contact having been made more perfect by a luting of 
clay and oil introduced at 6. The upper hydraulic joint is 
shown at p, and into this the bell f fits, not, however, 
touc the bottom, but being supported by three iron 
standards. The “‘surbaisement’”’ is carried by an iron ring 
at i, with the six adjustable legs 1 beneath, and by another 


ring j held up by wedges m. In Messrs. Wallace’s 
cqpeeeins this ring, although specified, was omitted 
when it was In the contract entered into 


between that gentleman and the plaintiffs, it was agreed 
that the acid to be concentrated should leave the open leaden 
conde: pans ata density of 1.72, and should pass from 
the second concentrating basin at a density of 1.845 (66 deg. 
Beaumé). Before entering the carboys the concentrated aci 
is cooled in a refrigerator, and drawings for an apparatus for 
this purpose were also supplied b: MM. Faure and Kessler, 
poh. —— jong ng nner , 4 ee at which the plans for Be 
ntrators were sent. is cooling apparatus we 

describe in detail on another page. wd 

For the plaintiffs the evidence of M. Roussel, an employé 
sent from nont to Battersea to erect the 
taken by commission some months ago, when 
first fixed for the trial, the foreign witnesses 

, and when, throngh legal delays, a postponement 


P- | dripped 


d| which they wrote, without a ° 
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stated that under his 


was rendered necessary. M. Roussel 
direction, and through the medium of Mr. R. W. Wallace, 
son of the defendant, the two prey empowers dn nag me were 
erected at Battersea. lays in this work arose, from 
the fact that the brickwork required alteration, the furnace 
erected by the defendant having been intended for the rect- 
chamber apparatus of Faure and Kessler (de- 
scribed on another page), and which by mutual consent was 
abandoned in favour of the leaden bells. The plumbers 
and other workmen employed being occupied with the ex- 
tensive alterations going on at the time at the Battersea 
works, were also frequently interrupted, and a serious 
accident occurred in the course of erection. This arose 
from the breaking of a chain by which one of the bells was 
being lowered, the bell, weighing over 1200 lb., falling from a 
height upon the ‘‘ surbaisement,’”’ and doing considerable 
damage. m this latter cause, as well as from the imperfect 
plumbing work, it was found that when the apparatus was 
set to work, the weak acid leaked through and fell on 
the brickwork from that part of the ‘‘ surbaisement’’ marked 
h in the diagram. The acid at first concentrated was 
of a brown tint, due to the fact that the open con- 
densing pans were new, and the oil and other impurities 
on their surface caused this colour, which was disap; s 
ing when witness left London at the end of March, 1874. 
ith regard to quantity concentrated, he maintain 
that the amount delivered was as much as could be run off 
from the open lead pans by the platinum top, and varied 
from 3 tons to 44 tons of 86-degree acid per day. Theri 
j was omitted, because it was found to be rather too onal 
and as the defendant was pressing the erection forward, 
wedges were substituted between the brickwork and the 
lead ; these wedges were sufficient, as the lead had only to 
support its own weight at this point and that of 4 lb. or 
5 lb. of dilute acid in the gutter. The concentrators worked 
well, excepti for the leaks before mentioned, but 
owing to this, the apparatus had to be taken down from 
time to time, and the joints resoldered. xamined as 
to the locality of the leak, witness maintained that the weak 
acid d penetrated through the cracks in the imperfect 
soldering at 0, and following the underside of the lead, 
m the lowest point at h, while a small quantity 
also found its way between the mastic joint and the outside 
of the platinum basin, and fell on the re. 
M. Kessler in his examination stated that he was the in- 
ventor of the apparatus under discussion. In the beginni 
of 1873 he received a visit at Clermont-Ferrand from 
oung Mr. Wallace, who had heard of his invention. Mr. 
allace stayed with him during five or six days studying 
the working of the sepaestes, which consisted at that time 
of the chamber already mentioned. He ex- 
pressed himself highly satisfied with the results obtained, 
and on his return home commenced a co’ mdence, on 
behalf of his father, with MM. Faure and Kessler. For 
the whole of that year no practical result followed this cor- 
respondence, but at the ing of 1874 it was decided that 
Mr. should undertake a prelimi agency in this 
country for MM. Faure and Kessler, and that after having 
introduced their concentrators into ten different factories 
it should be decided whether a permanent agenvy should be 
given to Mr. Wallace. As a first step an apparatus with 
all the latest improvements ‘was to be e at Battersea, 
that the practical success of the process might be shown to 
the various chemical manufacturers who were to be in- 
duced to — it. As already stated Mr. Wallace was to pay a 
royalty of 4851. for the use of the apparatus, after it had been 
successfully working for fifteen days, a part of this amount 
having to be paid in cash, and the balance in short dated 
bills. It being inconvenient for M. Kessler to come to 
England to erect the hine, M. RB 1 was ted in 
his place, and after his return to Clermont-Ferrand, MM. 
Faure and Kessler received several letters from Mr. R. W. 
Wallace, in which no complaint was made that the process 
was a failure, but it was rted frequently that owing to 
various causes—repairs to the apparatus, and especially to 
the short supply of acid from the chambers—that they 
not yet been able to give it a long tri On the 14th of 
April, however, about six weeks after the departure of 
Roussel, a letter marked “‘ private’ .was written to MM. 
Faure and Kessler by Mr. R. W. Wallace, in which the 
writer made several complaints as to the working of the ma- 
chine, in which he intimated that it was a failure, that the 
—- of concentrating in platinum basins with leaden 
omes,.was twenty years old, and that unless more favourable 
arrangements were made with regard to the proposed agen: 
the apparatus would be at once pulled down, and that M. 
essler, who had offered to visit London to set the a 
ratus in proper order, need not come. On the other hand, if 
the modification was adopted, Mr. Wallace would do his best 
to make it successful, and introduce it to the sulphuric acid 
manufacturers of this country. In this indiscreet commu- 
nication special complaint was made of the action of the 
leaden refrigerator, which in compliance with Mr. H. 
Wallace’s request to be supplied with th 
by MM. Faure and Kessler, had been set to work at Batter- 
sea. It was stated that the heated acid attacked the lead, 
and freely produced sulphate of lead. To this letter the 
plaintiffs replied, assuring the writer that oa regarded it 
as having been written in a moment de vivacité, and urging 
— the - non-success br owing to bad a 
and want of experience; an ey urged for pay- 
ment, in this as well io in elven ta ee ae 
e 


middle of May following, however, lied to 
their various communications, and without stating that the 
machine was in his opinion a failure, detailed the diffi- 
culties he had met with, and again stated that shortness 
of acid in the chambers had prevented him from giving 
the apparatus a fair trial for fifteen days. M. Kessler 
thereupon intimated his intention of coming to London in a 
few days, and when he arrived in the early part of June, he 
found that the concentrators had a ae 
beaten out of shape, and that Mr. H. W: had returned 





e latest improvements | to 





Ww. 
cases ty feeep Mtv Srulines tor thw Geteotionh, oe 
. ‘or who 
could not speak French. M. Kessler also stated in his ex- 
amination that some twenty-eight of his concentrating ap- 
were at work, and giving full sati i 
nto mplin want by ths duioheus eee ot sort = 
rator com) 0 e was in an 
efficient adj to the concentrators. Cross-examined as 
pe) : reed joint, nd explained = = aoe 
oil luting was simply a precaution for a 
contact between the ipad ving and the platinum basin, that 
in effect it was found not desirable that this contact should 
be air-tight, as it was n to have an in-draught of 
air the basin to assist in carrying off the non-con- 
densed vapours to the chambers, and that to promote a 


steam was placed in the pipes communica 
tween the chamber and the top of the bells. The weak acid 


ed | condensed against the sides of the bells by the stream of 


water — through the annular s formed by the 
double sides, fell into the gutter around the basin, and con- 
stituted an hydraulic joint, so that the presence of this 
weak acid kept the lead cool, as its density is such that 
it vaporises a‘ oer eee Fabr. 

M. Faure testi to the efficient working of the ap- 
paratus at Clermont-Ferrand, as well as to the number of 
concentrators upon the same system erected in various parts 
of Europe, and to the satisfaction expressed 7 the different 
manufacturers as to the quantity and quality of acid pro- 
duced by them. The rest of his evidence also corresponded 
with that of M. Kessler. 

Mr. Bannister, of the chemical works of 
Messrs. Muspratt and Co., Liverpool, gave evidence as 
to the working of a Faure-Kessler concentrator, erected 
at their works since November last. This — 
consisted only of a single basin and bell, of rather 
smaller dimensions than those of Mr. Wallace. The 
bell, moreover, was much lower, it being only in one com- 


—-. and about 16 in. high in the cylindrical part. 
me stress was laid upon this , as the counsel for the 
defence that deviations from the original plans sup- 


plied to Mr. Wallace by MM. Faure and Kessler were 
made in the erection of the mac hat reducing 
the height of the bells was one of these, and that this re- 
duction was one cause of failure. With regard to ogee 

roduced, Mr. Bannister stated that with the single basin 

e had been able to manufacture 3 tons of acid in 24 hours, 
and that the strength was som, Oo to 66 deg. commercial. 
That the colour at first was » but after a few days 
working it was discovered that some cotton waste had been 
left in the refrigerator, and that when this was removed 
the colour became good. Attached to this a tus was 
a leaden refrigerator, similar to that tried by Mr. Wallace, 
and when properly worked only very faint traces of 
sulphate of appeared in the acid. On the other hand, 
when sufficient water was not supplied, the acid at once 
attacked the lead and became clouded. ined as 
to any difficulties experienced in working the machine, he 
stated that considerable trouble on one occasion been 
caused by carelessness of one of the workmen, and that on 
another a similar cause had destroyed the platinum basin, 
but so far were the Messrs. Muspratt from assigning this to 
the fault of the apparatus, that iy | made no charge 
whatever on this account to MM. Faure and Kessler. 
He had found, however, that some special care was neces- 
sary in working the concentrators, and was of opinion that 
damage and bad its might easily follow ignorance or 
carelessness on the part of those in c 5 

M. Thomas, of Paris, gave far stronger testimony as to the 
efficiency of the apparatus. He had employed two basins 
at his works in Paris since two years, d concen- 
trate at least 7 tons of acid with them in 24 hours. He 
had also adopted a leaden refrigerator in 1874, and was 
perfectly satisfied with its working, finding that with cure no 
ee amount of sulphate of lead was deposited in the 
acid. 

This closed the case for the plaintiffs, towards the end of 
the second day of the presoedings. These two e+ were 
marked by various animated discussions between the lead- 
ing counsel on both sides, Mr. Webster representing the 
plaintiffs, as the Solicitor-General was ed away im- 
mediately after opening the case and did not 7 
—_ On one occasion, indeed, Mr. Waddy called forth 
the remark from Baron Pollock, that the case would pro- 
gress better if a little more concentration and a little less acid 
were present. The judge also called the attention of the jury 
several important points. First with regard to the letter 
of the 14th of April, written by the young Mr. Wallace, 
marked “ private,’’ and which Mr. Waddy led hard 
to prove was not evidence, he pointed out that the docu- 
ment was undou evidence of the most important kind. 
It was shown that Mr. R. W. Wallace was not only the 
agent of his father, but that he was the only person inti- 
Siaatpcscten soparted on Ie, supecadeand Wak onuilin 
the aj tus, re on it, superin' nm 
at Battersea, watched its working closely from beginning to 
end, made the various alterations in it, carried out experi- 
ments, and was the only channel of communication between 
sages gr and M. Roussel; that he con- 


name of his 


out the defendant’s knowledge. 
the case turned. Its contents were such as clearly to pre- 
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a part of the concentrating appara’ 
but was an adjunct, and that just as any kind of engi 
may be maples to drive a thrashing machine, so might 
any kind of refrigerator be employed to cool the acid flow- 
ing from the concentrating basin. 
» * commencing the case for the defence, Mr. Wadd 
h of the Solicitor-General, 


inst the de- 
fendant, and that an infamous accusation had been levelled 
inst the highly respectable firm of Messrs. Johnson, 
atthey, and Co., the manufacturers of platinum. That 
these charges were, both of them, utterly devoid of founda- 
tion, that no shadow of evidence could be produced to show 
that the last named gentlemen were interested in the pre- 
Sent case, and that the Solicitor-General knowing the 
weakness of his cause had sought to surround it with 
irrelevant matter to complicate the real matter at issue. 
He complained, moreover, that he laboured under the dis- 
advantage of having shown his line of defence to the pro- 
secutors, when, many weeks before, he cross-examined M. 
Roussel before the commission, and that the prosecution 
had changed their course of action accordingly. He was in 
a position clearly to prove that MM. Faure and Kessler had 
broken their contract by not having come to England them- 
selves to erect the apparatus, and by having sent an incom- 
petent person to take their place. That the machine itself 
was imperfect in its action and badly designed, while the 
deviation from the original drawingssupplied, proved another 
breach of the contract. That the defendant was not re- 
sponsible for the indiscreet letter of his son, who was ex- 
tremely young at the time when it was written, and that 
the defendant was entirely in ignorance of the existence 
of this letter until long after its composition. With regard 
to the refrigerator he contended that it was an essential 
part of the ap tus, that it was impossible to produce 
acid with it, and that the plaintiffs were responsible to 
the defendant for its failure, seeing that drawings of a re- 
frigerator were included in the me sent to the latter, and 
that a drawing was shown in the patent of MM. Faure 
and Kessler. So far from a verdict being given against his 
client, he felt assured that the jury would decide in his 
favour in this, as well as in the cross action in which Mr. 
Wallace claimed es for the loss he had sustained in 
making the necessary alterations in his works for the recep- 
tion of MM. Faure and Kessler’s ap tus. 

The first witness called for the defence was Mr. R. W. 
Wallace, who, much to the surprise of all in court, was not 
examined at all by Mr. Waddy, who at once turned the 
witness over to the cross-examination of Mr. Cock. This 
cross-examination referred almost exclusively to the 
nature of the correspondence, the position the witness 
occupied in relation to his father, and the part he took in 
connexion with M. Roussel, and the apparatus itself. With 

to the comments in the letters of MM. Faure and 
Kessler in their reply to his communication of the 14th of 
April, Mr. R. W. Wallace stated that he omitted them in 
his translations for the defendant, who thus remained in 
ignorance of the peculiar complication created by the un- 
fortunate letter. The straightforward replies of this 
witness left no doubt that he alone was to blame in this 
respect, and that the defendant was no party whatever to 
the letter of the 14th of April,as had been suggested. So far 
as the result of the cause was concerned, however, the tone 
of Mr. Wallace's evidence was unfavourable, as it went to 
establizh the responsibility of the defendant for his son’s 
course of action. The nature of the cross-examination 
rendered it impossible for Mr. Waddy to re-examine Mr. 
R. W. Wallace on the apparatus itself, a circumstance 
probably unforeseen by the learned counsel, who at this 
point was advised by his lordship to call as witnesses 
some of the workmen employed in the construction and the 
working of the concentrating apparatus. ‘‘I had not con- 
sidered this to be necessary, my lord,” said Mr. Waddy, 
** but as your lordship s ts it, I shall do so, and will 
follow up this case to its death and burial.’’ 

Mr. H. Wallace, the defendant, stated that! he was the 
father of the ing witness, and gave a detailed account 
of his son’s first visit to Clermont, and the subsequent 
i i i in all points with the 
ven. Mr. BR. W. Wallace was, he said, 
chief actor in this business, as he was the 
plainliffe and Roussel, "With regard te the apperates iteclf, 

le apparatus i > 
after it was erected, experie..ced great diffi- 


* on the 
rk and iron ri destroying the latter. The 
quantity of acid was far within the contract amount, and it 
was, when the leaden refrigerator was employed, heavily 
with sulphate of lead. He was very unwilli 

the refrigerator, which it was not contempla’ to 

use when the contract was prepared, and it was only after 

; rorking ‘tt the chemical factoss at Melbolon wad 
was a © al 

. ing to a platin > ae The 

inum igerator. 

erected at his works, deviated in many points 

drawings supplied, but no deviation had 

been made his consent, and without consultation 





tus and replace it with others of the ordinary type. 

‘Two of the workmen employed at the works of the de- 
fendant were thenexamined. ‘The first of these, a plumber, 
deposed that he had, under M. Roussel, put the apparatus 
together. After it was erected considerable trouble arose 
from } , and it was taken down several times to re- 
new the solder, imperfections in which were, it was alleged, 
the cause of the failure. Every effort was made to 
out Roussel’s instructions, and after that gentleman left 
Mr. Wallace tried a number of experiments to get the ma- 
chine to work properly. In cross-examination Mr. Waddy 
elicited that the lea age did not occur through the solid 
lead at the point marked A in the diagram, as was uae 
alleged by the defence, but that it occurred chiefly throug 
the mastic joint. The evidence of this witness entirely dis- 
proved the statement that the lead had been attacked by 
the acid, and had eaten it into holes. The second work- 
man, the fireman, whose duty it was also to attend to the 
concentrating pans, said that the Faure-Kessler apparatus 
was worked by him during the whole of the time it was in 
operation. Great trouble was experienced with it in various 
ways, including the defect of leaking. The acid was freely 
concentrated and bronght up to the full strength, while the 
acidometershowed that the density of the weak acid running 
from the leaden gutter, did not exceed 35 deg. to 40 deg. 
Beaumé. The refrigerator did not act well. It produced 
lenge quantities of sulphate of lead which impregnated the 
acid. The use of this adjunct was abandoned and a 
platinum refrigerator was substituted, after which the acid 
was of better quality. 

Mr. Sellon, of the firm of Johnson, Matthey, and Co., 
was then called, though for what purpose was not at all 
clear, since the only question put to this gentleman by Mr. 
Waddy referred to the all interest he had in the pre- 
sent trial. He entirely disclaimed being in any way a party 


to the action, and his firm had not undertaken to indemnify | M 


Mr. Wallace for any costs he might incur. 

Incross-examination he admitted that if the apparatus 
of MM. Faure and Kessler were introduced into this 
country, his firm would eventually suffer, as the amount of 
platinum employed in the apparatus was so small com- 
pared with that used in the ordinary alembics. A letter 
written by the witness to MM. Faure and Kessler was then 
handed in, and, under a coeng ager from Mr. Waddy, 
was admitted to be evidence. e letter complained tha 
MM. Faure and Kessler had withdrawn their custom from 
Messrs. Johnson, Matthey, and Co., and s ted that for 
the advantage of all concerned, business relations between 
the parties should be resumed. The writer proceeded to 
make some indiscreet remarks as to the course he should 
adopt Re ~ users of ww Faure and Kessler’s 
apparatus © arrangement he pro; were not 
accepted, and it was w this letter that the oe 
were brought forward the Solicitor-General in hi 
opening address. Mr. stated that his firm had long 
ago patented an arrangement for concentrating sulphuric 
acid in open platinum pans, which patent had anticipated 
MM. Faure and Kessler by several years, and that such a 
process was entirely practical successful if properly 
worked. This testimony, it willbe observed, was in favour 
of the plaintiffs rather t against them. 

Finally Doctor Letheby was examined. This gentleman 
deposed that he was familiar with the process of concen- 
trating sulphuric acid. That the brown colour in the acid 
complained of when the Faure-Kessler apparatus was first 

ied at the defendant’s works, arose from organic im- 
purities in the acid, which required to be exposed to the 
action of the fire in the pans from half to t 
of an hour, before it would disap; . The weak acids 
would attack the lead and cause sulphate of lead to be de- 
posited, and the difference in expansion under heat, of lead 
and platinum would canse the contact between the pan and 
the ring to be destroyed, and the surfaces would separate 
and promote leakage. The lead under the influence of the 
heated weak acid would lose its and become easily 
d . _He was certain that nothing like a quantity of 
poets eer Saget concentrated acid could be made in the 
Faure-Kessler apparatus, and he thought that colourless 
acid could not be made by it. He was not a manufacturer 
of sulphuric acid, and considered that very careful manage- 
ment = be yevebes ~ ory the 7 fag Be ¢ concen- 
trated per day produ a tus belonging to 
morn — closed _ case fey oe me pores 

a very uent speech Mr. Waddy 
dressed, the Yury, main ining that it had been ciearly 
roved that . Faure and 
he contract by sending over a man so inefficient as Roussel 
to erect it ; the refrigerator was an a og part of the ma- 
chine, and this had utterly failed, while the apparatus as 
erected was not the ‘aes shown in the plans supplied 


to} by MM. Faure and Kessler. He based his case mainl 


upon the fact that the acid had eaten away the lead, an 
that the absence of the iron ring under the gutter was a 
pence <f waesuege Commustent. te Se mashie, Lee 
e . Wallace to insist e@ being ua! 
io pines clthen of foot on tolmaaneite. te ey ane a 
that the w rting the lead gutter broke 
it. It would have a matter of serious expense and 
lay to put the ring in place after the apparatus was erected, 
as it must have been taken down, and this would have been & 


essler had themselves broken | and 


h| Smith. The chair will be taken at 7 


qoosipanersiion: He derided the statement of M. 
Roussel, that the leak had taken h the im. 


. | perfect soldering, and ascribed it solely to the destructive 


large he had cropped Lis works, lost his eastomners 
expense ; 8 is wi i mets 
ape fomerype oe tle whale Groaenstiea + wad 
while he admitted that the of the 14th April was a 
foolish letter, his client was not responsible in any way for 
det tit. pte le oe ple — + hy Si 

r from ent being called a y ro. 
claimed by the plaintiffs, he demented ous verdict from 
the jury as id partially indemnify his client for the t 
outlay he had incurred. With regard to Mr. ion’s 
evidence he felt certain that that gentleman was justified 
in his remarks as to MM. Faure and Kessler having in- 
fringed the patents of his firm, and he regretted that 
Messrs. Johnson, Matthey, and Co. did not take proceed- 
ings against the plaintiffs for their own protection. 

erhaps with a eloquence, but in a far more 
— Mr. Webster replied on be! ef the 
prosecution. Ina 4 able and re ore A mantier he re- 
viewed the whole of the evidence brought forward. He 
dwelt first upon the nature of the contract entered into be- 
tween the parties, and said that evidently they had mutually 
waived all question of time limits, and that the defendant 

consented to receive M. Roussel in lieu of M. Kessler 
to erect the apparatus. He pointed out that, as his lord- 
ship had explained, the refrigerator was entirely a separate 
and distinct thing from the concentrating apparatus ; that 
it was not contemplated to include it in the original con- 
tract, and that it was only employed as an after theughf, 
and as one of the improvements in the systeni, after Rouss¢l 
had come to London. Mr. Wallace had admitted that large 
quantities of acid had been made by the apparatus and sold 
at the highest rates, and in spite of all the alleged 
failures, it was not until the middle of May, after he 
received M. Kessler’s letter stating that he was coming 
over shortly to make the apparatus work perfectly, that 
Mr. Wallace had decided to destroy it. The evidence of 
the workmen was clearly. favourable to the apparatus. 
One of them had demolished Mr. Waddy’s theory about 
the aaabays hiring taken place through the solid lead, while 
the other had proved that the acid uced was concentrated 
to 66 deg. As {for the absence of the ring, if it had been 
found that itwas necessaryit might have been added in two 
or three hours, either in halves or on one of the numerous 
occasions when the apparatus was taken down for repairs. 
r. Sellon again had testified to the practicability of con- 
centrating acid in open platinum pans ; and as regarded the 
strictures of the So iter Sieisarel pin the firm of which 
this witness was a member, such strictures were justified by 
the letter that had been read before the court. Dr. Letheby 
had staked his reputation on the impossibility of concen- 
trating 6 tons of acid per day in the apparatus, but con- 
clusive evidence had been heard as to the capacity of the 
machine to produce more than this quantity. He had also 
said that the acid must remain for half or three-quarters of 
an hour in the pans ex to the heat before the brown 
colour in the acid could be destroyed, but here again the 
results obtained showed that he was entirely in error. As 
for his statement that the weak acid would attack the 
lead, the fireman of Mr. Wallace had said that the density 
of the weak acid in contact with the lead from 35 deg. 
to 40 deg. Now acid at 66 deg. only attacks lead when it 
reaches a temperature of about 300 deg., its boiling point 
being 620 deg. Fahr. The weak acid at 35 deg. Beaumé 
vaporises at a temperature of 250 or 300 deg., and it would 
be therefore impossible that it should affect the lead. Be- 
sides, as a part of the ordinary processs of manufacturing 
sulphuric acid, a preliminary tration to 60 deg. Beaumé 
in open lead always takes place, and this does not 
attack the lead. The remark of Dr. Letheby as to the 
difference in expansion of lead and platinum breaking the 
contact between the pan and ring, he could not understand, 
as the ion, whether uniform or variable, would only 
tend to e the surfaces together. Indisputable evidence 
had been given that the apparatus was, when properly 
treated, thoroughly efficient; it was at work in a e 
number of factories, and had it received proper treatment 





uarters | at the hands of the defendant, it would have been working 


with him successfully at the present time. By not giving it 
proper attention Mr. Wallace had broken the contract he 
entered into, and he was entitled to ask for a verdict 
for his clients both in the action then closing and the cross 
action which depended on it. 5 
After an able summing up by his lordship, who explained 
clearly all the points which had arisen out of this somewhat 
protracted trial, the jury retired, and after a short absence 
returned, with a verdict for the plaintiffs in both actions. 


PENNSYLVANIAN CoaL.—Some new shafts in the neigh- 
bourhood of Pottsville, Pennsylvania, have been continuously 
prosecuted during the past year. One of these shafts 
reached the Primrose vein in August. 











Tue InstiTrvTion or Crviz Engrnzzrs.—We are 

asked to state that supplemental meetings for the read 

i ion of papers by students of the Institution, 

have been predated for the iellowing Eviter evenings : 

peneaney 25, 8, 10, 17, 24, and Met a * 
read on these e are respectively, “ , 

Iron Construction,”’ b fie. John C. Mackay; “Ona 


by Mr. Joseph ; “The Sinking of a Coal Pit in 
the Rhondda. V y,” by Mr. J. J. Tylor; ‘‘ On some 
Mevncd irinsia ty Me dale 
“ * in e on “ty 3 ar E. 
Baldwin ; and ‘‘On Creosoted Timber,” 

ing, and. successi by Dr. Feb, F. 
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ENGINEERING. 





THE ILLUMINATING POWER OF GAS. 


Ar the twelfth ordinary many meets of the Institution of 
Civil Engineers for the session 187: ~ held on Tuesday ing 


evening, the 15th of Feb: George Robert 
Stephenson, President, in the chair, Mie I oe en was 
** On Estimating the Iuminati oo al Gas,”’ by 
Mr. William Sugg, Assoc. Inst. 

It was observed that, notwithstanding the attention 
which had been bestowed upon the subject, gas photometry 
was still in an unsatisfactory state. ith even the most 
perfect a tus, the same quality of gas was differently 
estimated in different places, use there was no generally 
recognised standard coer. The jet-photometer, Cif ad 
invented by the late Mr. George a3 ut qe 
been so improved that it was 
simple inspection, the true ihuaaating a yet 8 3 
being evolved from different coal gase: 

It was generally acknopiolent the that the most accurate 
way of estimating the illuminating power of me by 
burning a known quantity of that gasin a stan burner, 
and comparing the light with that from a known quantity 
of oil or sperm, consumed in a certain kind of p or 
candle. In England, since the year 1852, the parliamentary 
standard of comparison had been a sperm candle, of six to 
the pound, burning at the rate of 120 grains per hour. 
But the average normal rate of burning of these candles 
was nearer 130 grains than 120 Therefore it was 
desirable that the parliamentary standard rate should be 
altered, if a change could reasonably be made. The 
greatest obstruction to the ow? of a uniform system of 
gas photometry had always been the difficulty of settling 
the kind of burner with which the gas should be tested 
With the standard quantity of the same gas, different 
kinds of burners gave different results; and the same 
burner gaye different results with the same standard 
quantity of gases of different illuminating powers, richer or 
poorer, according to the kind of gas it had been originally 
designed for, In 1863 Dr. Letheby designed, in conjunction 
with the author, a standard burner with a 15-hole incor- 
rodible steatite top. Previous to this all testing burners 
had iren tops, which were subject to alteration by oxida- 
tion. This burner, known as the “ Sugg-Letheby” 14- 
candle burner, was one of the parliamentary standard- 
testing burners for 14-candle gas, and was used, with a 
chimne “y 7,in, long and 2 in. wide, in England, in some 
parts of North and South America, in Canada, Australia, 
and New Zealand. There were, however, two other parlia- 
mentary burners for 14-candle gas, viz., one descri 
the Birmingham and Staffordshire Gas Act of By for 
testing the egas supplied to Birmingham, Hanley, Hull, ull, and, 
till lately, Brighton. The other 14-candle burner was that 
adopted by the referees for London in 1869. It was 
the invention of the author, and was known as Sugg’s 
**London”’ standard Argand burner for 14-candle gas, and 
it was used for testing the gas supplied to the City and 
other parts of London A the Gas Light and Coke Company, 
by the Imperial, and the South Metropolitan Gas 
Companies, and by a ain r of companies in the provinces. 
It was also the new standard burner for the Dominion of 
Canada. The same standard quantity of the same pellty 
of gas tested by these three burners showed very different 
powers of light, the ‘‘London’’ burner evolving the 
ayers and the Birmingham the least, amount of light. 

he candles. 


total difference was nearly three 
There were three different yom | standard 
burners for testing 16-candle gas, all to to consume the standard 


quantity of 5 cubic feet per hour, viz., the ‘‘ Dublin’’ 16- 
candle Argand 15-hole steatite top burner, used with a 
chimney 7 in. long by 2in. wide; the Dublin flat Bas: 16. 
candle burner; and the “London” standard Argand for 
16-candle gas with a 24-hole steatite top, to be used with a 
chimney 6 in. long and 2 in. wide. here was but one 
parliamentary standard burner for consuming 5 cubic feet 
~o hour of 18-candle gas, viz., that described in the 
m Gas Act, which was a modification of the 
“Suge. theby”’ burner, the central aperture being en- 
larged to supply more air to the richer gas. ‘The ‘* London”’ 
18-candle burner for the standard quantity of the same 
quality of gas gave an amount of light equal to about 24 
candles more than the Leamington burner, For 20-candle 
gas the parliamentary standard burner had been described 
by the gas referees as Sugg’s steatite batwing, No. 7. It 
was used in London and in Liverpool. For 27 up to 32- 
candle gas it was customary to make use of any kind of 
fishtail burner, and to consume any quantity of gas, at 
— option of the operator. For cannel gases there was no 
rly authorised pa rliamentary burner. 
y the system of the anthor, one standard burner only 


was was proposed for all qualities of gas from twelve to thirty | W: 


This burner might be readily gauged and verified 

+ fear trial against the Government s burner. 
: oo the gas referees’ London Argand burner, with a 
were he 6in. or 7in. long by 1}in. wide, producing a 
flame ys 3 in. in height ; in fact, such a burner as was 
ordinarily adopted by consumers. When used with 16- 
candle gas it would burn 5 cubic feet per hour with a 3-in. 





place usually occupied by the standard 
urner, it was lighted, and allowed to burn off all ee — 
ms collected in the meter and fittings of the 


en a clean chimney was pet o, and the height Ree ths i 


flame regulated by the aid of the usual micrometer cock 
ond Kiet Beers aoe to exactly 3 in. was thes found, 
per hour required to give this hen f 
rs reference to the table would show the examiner the 
illuminating power of the gas. The rest of the 


experiment | } 
was performed in accordance with the imstractions of the 


gas referees, and would.be a corroboration of the table, 
and at the same time a check =, the accuracy of the 
sperm candles, which were very su to ‘error. The re- 
sult was the illuminatin power of the in terms of the 
pm sg. standard quantity of 5 cubic feet of gas and 
20 grains of sperm candle. Every quality of gas tried 
upon this system would be fairly consumed, and a like 
quantity of gas would be designated by the same number 
of candles of illuminating power. 
The paper was illustrated by. diagrams and an actual 
ecimen of a new and sim le apparatus, the invention of 
t e author, termed an * Tiuminating Power Meter,’’ by 
which the illuminating power of gas could be read off from 
a dial at once in stan sperm candles. No previous 
knowledge, either of the manufacture of fat or of its 
chemical composition, or of the mode of testing it, was 
requisite for the use of this novel instrument. 








ACTION OF LIGHT ON SELENIUM. 

Last Friday, Mr. C. W. Siemens, D.C.L., F.R.S., 
gave at the Royal Institution of Great Britain the “ Friday 
evening discourse’’ on the action of light on selenium. In 
his jintroductory remarks Mr. Siemens referred to the fact 
that, while Newton laid down wy es oy, principles re- 
garding the nature of light, i been reserved for 
physicists of recent ‘times to Viel the effect of light upon 
solids. One of the most beautiful illustrations of the per- 
manent effects of light upon solids is furnished us through 
photography. Another effect is rendered visible by phos- 
in | phorescent salts, which, when acted u ——— continue 
to glow in various colours for a length of time when taken 
intoa dark room. Last week only, at the same institution, 
Mr. Crookes had shown experiments ee | the me- 
chanical action of light on solids. It is, too, light that 
breaks up the carbonic acid in the leaves of plants i in order 
to separate the carbon. Carbonic acid may be broken u 
ty heat ; Be at Adin san me * of “4 .¢ — 

estroy e 01 ion. uence 
on eatin tities note ate another action—an action with | raft 
regulates the extent to which it is an electrical conductor 
The history of the discovery is briefly this. Mr. ave 
telegraph clerk at Valencia, 2 that a stick of crys- 
talline selenium, such as had been used for some time in 
telegraphy where high electrical resistance was required, 
offered ene less resistance to a Sulteby on current 
when exposed to light than when kept in the dark. The 
facts where made khown by Mr. Willoughby Jones in 1873, 
but there for a while the matter ree The statement 
was received with some incredulity. Could it be possible 
that the mere superficial action of light sage 8 $e a solid a. 
stance could so change instantaneously its internal condi- 
tion as to open among its particles flood-gates for the 
passage of the electric current, to close again upon the re- 
moval of the light? The question has within the last 
twelve months been made the matter of independent i 
ge Dr. Werner Siemens in Germany, and Professor rend 
land. By different methods t ese two observers have 
ai. at results which agree in most points of fact, though 
they somewhat differ in the deductions oe: aes sew, t from 
them. Selenium, an elementary body ee 
lius in 1817, is placed;by chemists in the toe bender 
between metals and metalloids, and it does not seem to a4 
amenable to the laws governing either of these natural 
groups. If melted it presents a brown amorphous mass of 
conchoidal fracture, which is a noh-conductor of electricity, | in 
but ifa stick of this amorphous selenium is for some 
time to the heat of boiling water it assumes a crystalline 
fracture, and when again inserted in the galvanic > avons it 
is found to be a conductor of electricity. me experiments | the 
were shown of the action of light by a contrivance of Dr. 
erner Siemens, in which the selenium under examination 
was ina form in which the surface action luced by 
ht can produce its maaimum effect. Two spirals of thin 
wire (iron or platinum ge laid on a plate of mica in such 
a oe that the wires el to one another without 
touching. While in thie peitien a drop of fluid erm ha 
made to fall upon the op filling the in 
the wires, and befote t coleman ns bpd time As harden 


flame, the light from which would be equal to that given | another thin bed of mica is pressed down upon it so as to 
by sixteen sperm candles of six to the pound. The quanti- | give firmness to the Lage A e two protru ends of the 
ties of different qualities of gas required to uce in | spirals serve to insert this selenium element in a 
burning a 3-in. flame with = ere were wit. circuit. Mr. Siemens calls this disc his ‘* sensitive element.” 
12-candle gas... 6.6 cubic feet The whole arrangement is no larger than a sixpence. Its 
14 ” OP action was shown in this way : It was placed in a 
16 ” 5.0 é cireuit, at-one end being a ’s and at the other a 
17 ” ’? ae delicate index galvanometer. The “ dise” was 
18 » ’» i in adark box; the circuit was ‘‘made’’ but no electricity 
19 ” > ee through—no movement of the index was seen. The 
20 » 40 5; ‘< disc” was then exposed to light; still no action was 
= ” om ae Pees . Sie +. Another dise was taken that had been kept in 
2.7 99 ing water for-an hour, and ually cooled. In the dark 
Bight different sizes of “ London” Asean? burners were | boxit gave a slight passage to icity as indicated by the 
shown, which gave pro rata amounts of light for ne ag index, but ™ soon as the light was admitted the index 
quantities of gus, varying from 2} ft, to 74 ft. per passage of electricity. . Another dise 





heated to: 210. ©.; and allowed to cool; then 
used, and a action still was apparent this. 
oe | oe ene has worked at the meaning of this, 
but without tables am it is not possible to 
ng | sonvay adage idea of results, The basis of 
the in condition seems to lie in the fact of the 
extent to which the selenium is heated, for when. 
allowed to cool its behaviour depends on the po me 
to which it has been heated. The experiment was shown 
of the effect of different parts of the spectrum on a disc 
The actinic ray produces no effect, but the- influence 
increases as we approach the red end. A selenium photo- 
meter was also shown in action, the pri oof which isto 
compere Dasee ten ensin gt Sue ights in effecting the 

ions for the re of electricity. At the end of the 
lecture a most. int little apparatus was put at 
+ | work, which Mr. Siemens calls a selenium ‘‘ eye.” There 
is a small hollow ball, with two qpastanee sppeniin to each 
other. In one is placed a s lens, 14 in. in diameter, 
and at the other a “disc.” The disc is connected with a 
pin her, a eo i, and this represents the 
retina. There are two slides, which t the 


ted it would not be difficult to pense 
ectro-magnet in connexion with the 
eter in such a manner that a powerful action of 
ht would canse the automatic closing of the eyelids 
= thus imitate the oe = fight. *. an 
e ag in consequence of a t i0- 
logists this analo 


gy may be tive regarding t 
important natural fenelioan of the human frame,— Times 


g 
i 
Beas 
fi 





THE CHENAB BRIDGE, 
Our contemporary, The Indian Public Opinion and 


Panjab Times, gives the following interesting particulars 
of the Chenab Bridge opened by H HA. H. the Prince of Wales 
on the 22nd ult. 


“The Chenab, the ancient Akesines or Acésines, rises in 
the Himalayan distri trict of Lahoul, and, eS Sage 
765 miles, which it receives the Shelum, Ravi, and 
other considerable streams, forms junction with the Sutlej 
near Uch (Ooch). During a part of the year the 
stream is narrow and the water low, but it is nowhere ford- 
able in the ares ra and i 


*) a Wi 
aa wile, tint is further across than one can see. 


‘tits its course the org. boats of a 


ae eons t 
Gameed maunds and for a greater distance 


ra The Chenab Bridge as it now stands is a monument of 
which the Indian Public Works pat may be proud ; 
it has not been carried out wit man of design, 
os sane rs of ating Te be et exeouted at if such an 

way of pu’ 
Lahore and Peshawar Railway (as the Pi 3 Northern 
line ‘was once was not to pritigel the ter 
streams, but this se per ange ag” ly overruled, and plans 
were drawn up for a bridge with spans of 97 ft. Bin, 
bn ideo wal ‘hoes af the wood Suto) bei bridges 
¢ or well, as on 
fhe ind Punjab, and Delhi Railway now are. Bub the 
disaster w subsequently bridges 
Shasta phish sina Changs of dong to tat now 
carried out, of which the following ta. brief 
tion. e number of spans is now 64 of 1 
to centre of piers) making the total, length of 
9300 ft., or more than one mile and three-quarters. 
of the piers is founded on three wells of 12 ft. 6in. 
and the faces of the abutments are oral made, 
are besides scores of smaller wells in the foundations of 
curtain walls, and other structures at ine abutments 
the protective or amy works, m2 which the stream is 
kept in bounds, extend for miles up the river. 
_ ha aso is all of brick, a ee ae 
girders, weighing 6000 are 
Known a 4s Warren's and were made in England. 


ie 


& 
$i 
eee 
ie 


fe 


EF 


design was elaborated in the engineer-in- 
ches ofc, but the girders were by Mr. Rendel, 
training ks re pled Mr. Lamba Gates the 
works were 
mn of Mr. Grant, the . 
Te aot of the mothe han tae lakhs of rupees, or 
more than half a million pounds, mata : 


Construction of the bridge 468 
Construction ¢ the training ~" 





works .. gs Tam 4,40,894 
Maintenance of 
works to March, 6 «« 1,71,985 
52,65, 5 SA? = 526, 5OAL. 
4 RE dr is little more than the cost of the much less 
betantial bridge, on 4817 ft. long, noon the Narbada 
at Broach on the y, Baroda, and i Central India Rail- 
way, en 0 canne® be hed by 2s geenteete as 


comparing unfavoura their great works. 
moe yey wer then ‘Tolen cailver MasteaRe 
of Mr. Juland Danyers’ last railway blue-book. 

“ With the ex: of a brief i i agnor 


leave Mr. Alcrander Grant, MLLGE, 
the third las in the Puli Works Departnen 


i 





Souter 1671, when saab art a ws ae 


cee —eennsaaeneeneesaenenneeerssearesseaes 
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and on such an occasion as this a thought is due to them ; 
for all our t public works are literally founded on the 
wes of the dead and the shattered th of not a few of 
survivors. The work of raising the Chenab —— 
the largest in the world (the Victoria Bridge across 
St. Lawrence at Montreal being only 7000 ft.), in little more 
than four years, would be a Titanic task in a temperate 
climate, but here in the heat of the arid Punjab, it 
rises to a higher position as a labour, exhibiting the highest 
ualities in patience, i , and endurance which 
Paglish enginecring can boast.” 





BOILER EXPLOSIONS. 

Tux following statement issued by the Manchester 
'beam Users’ Association is vecthy of most careful atten- 
tion : 

Steam Boiler Explosions and the Necessity for Govern- 
mental Interference in the Interest of the Public Safety. 


Return of the Number of Steam Boiler Explosions from 
the Year 1865 to 1874, inclusive, with the Number of 
Persons Killed and Injured thereby. 
































3 4 | 
Yuan. i fa Ft Total. 
oa | eM | ee 
1865 48 | 4 | 79 125 
1866 72 | 87 | 109 196 
1867 36 | 60 | 67 127 
1868 45 | 57 | 60 117 
1869 58 | 86 | 126 212 
1870 51 | 78 | 106 184 
1871 51 | 50 | 107 157 
1872 51 | 32 | 113 145 
1873 64 | 53 | 84 137 
1874 58 | 68 | 146 | 214 
Total for 10 years ... 534 | 617 | 997 | 1614 
Average for each year 53 | 62 | 9 | 161 





the year of 1875 there were 45 explosions, 
pa ny and injuring 96 others. This may be 
com, with the average number of explosions during the 
last ten years as follows : 
Average from the Year 1865 to 1874 inclusive. 
63 explosions, 62 persons killed, and 99 injured. 
Return for 1875. 
45 explosions, 67 persons killed, and 96 injured. 

Thus the 1875 though below the average as regards 
the camber of exp! » was above it as regards the 
number of persons killed. No abatement in the sacrifice of 
life appears to be place, and this sacrifice of life 
recurs with such regularity year after year that there is 
Feast reason to fear that another 60 or 70 persons will be 


arouse steam users to a due sense 

The list for the present qos has ~ ee commenced. 
On Satu , the 22nd of Jan last, a fatal explosion 
at dish Mills, from the bursting of an 
old second-hand patched and worn-out boiler, so wasted by 
corrosion that the plates in parts were reduced to the thick- 
ness of an old sixpenco. In consequence of this explosion 
the coroner’s jury recommended Governmental interference 
SB: 

“ We consider that the death of William Gedman was acci- 
dentally caused by the explosion of a steam boiler at William 
Haigh's works at Reddish, on Satarday last. We find that 
thorough inspection has been made as to the con- 

boiler since it was put in, either by Samuel 
Whittaker, the boiler maker, or Mr. Haigh's own men, We find that 
eer employed by Mr. were poe | 

it to inspect is in a proper manner, that Mr Haig 
for allowing incompetent men to make these repairs, 
Mr. Haigh should have pat his boilers under proper in- 
We are opinien that action should be taken by 
t as faras possible the explosion of steam 
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Fe 
5 
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jife, but the red 
aS ee 
taken by the jury at dish is by no means 
has frequently expressed on other occa- 


the 15th of J sia, © Sete beast of an 
olverhampton, > a 
appended to their the following 


: 
botlers should be inspected petent person 
oh tovwork, perticularly when placed in’ populous 


, the 28th of April, 1875, small 
wasted by corrosion, burst in the ‘basement of 
ruins. In this cass the jury added the fale oe 


2 
conviction of the necegsity for 
system of registration for all steam boilers, and 


: 
f 


ay 
i te 


if 
i 
: 


should be allowed to work any boiler without its 
been registered, and a certificate given of its being 
furnished with all proper requirements for public safety, 
and that such certificate should be renewable ly under a 
yan a Toy = The jury wished their reco to be 
forw: to the ei oy authorities.” f 

On Thursday, the 2ist of January, 1875, an explosion, 

illing 7 persons and Bins 14 others, occurred at a 
fo and cotton mill at Todmorden, from an old worn- 
out , when the jury coupled their verdict with the 
following declaration : 

“ We are of opinion that the explosion was caused by extensive 
corrosion and grooving of the plates of the boiler, and that there 
was an error in judgment on the part of the r in charge 
which led him to believe and report to the owners that the boiler 
which exploded was safe and in working order. And we recom- 
mend that there should be a Governmental inspection of all steam 


2.” 

On Wednesday, the 4th of November, 1874, an explosion 
occurred at a saw-mill at Leeds, and at the inquest the jury 
added the following statement to their verdict : 

“The jury strongly recommend the placing of all boilers under 
independent inspection in the i of the public safety and 
with a view to prevent the recurrence of such catastrophes.” 

On Thursday, the 17th of September, 1874, a small 
boiler of weak construction, and wasted by corrosion, burst 
at Blackburn, and at the inquest the jury made the 
following recommendation : 

“That a proper registration of all steam boilers ought to be 
made, and that it ought to be obligatory on all that use them to 
have them certified as safe by a properly qualified officer who 
should authorise the pressure at which they should be worked.” 

On Monday, the 6th of July, 1874, an explosion occurred 
at Horbury, near Wakefield. At the inquest the jury re- 
turned the following expression of opinion : 

“That the owners had failed in their duty in not having the 
boiler ~ ined by petent persons, and that the inspec- 
tion v atl boilers should be made vy anonped 

Other cases could be given, but these suffice to show 
that there is evidently a growing demand by the public for 
Governmental interference to prevent the present sacrifice 
of human life from steam boiler explosions, as these disasters 
are not mysterious in their origin, not accidental, but may 
be prevented by the application of common knowledge, and 
the exercise of common care. 

Governmental interference, however, need not by any 
means take the form of Governmental inspection, nor of 
rendering inspection compulsory and leaving its execution 
to private associations. But it might take the form <9 
of the institution, in the event of every |explosion, of a 
searching investigation by an independent and scientific 
authority appointed by the Government, so that the blame 
might be brought home to the right party, as recommended 
in the memorial presented by the Manchester Steam Users’ 
Association in June last to Her —— Principal Secre- 

of State for the Home Department. Such an investi- 
gation, accompanied with the publication of the results, 
would no doubt of itself do much good by stimulating steam 
users to the di of their duties, and it might be 
fairly tried and proved insufficient before other measures 
were sought. For any further measures, should they ever 
be needed, the result of a number of impartial and searching 
investigations conducted under the authority of the Govern- 
ment would form the most satisfactory basis. 

Manchester Steam Users’ Association, 

41, Corporation-street, Manchester. 
February 3rd, 1876. 














FOREIGN AND COLONIAL NOTES. 

Gas in the West Indies.—Bridgton, Barbadoes, neo 
been lighted with gas. The works were constru by 
Messrs. W. Blews and Sons, of Birmingham. 


Water Supply of Brisbane.—The works for supplying 
water to Brisbane, the capital of Queensland, have cost 
from first to last upwards of 100,0001. They are under the 
ae of a Board appointed by the Governor in 
Council. 


Victorian Railways.—The tender of Messrs. Noonan 
Brothers amounting to 170,994/., has been accepted for the 
construction of the middle section of the Melbourne and 
Gippsland Railway. The average cost per mile will be 
about 4275/.; this amount does not, however, include 
station buildings or permanent way. 

Railroads in Ohio.—In 1845, the state of Ohio had 84 
miles of railroad. In 1855, the total had risen to 1641 
miles ; and in 1865, to 3176 miles. Last year, it had 
further expanded to 4458 miles. 

Belgian Coal Ezports.— The exports of coal from 
Belgium last year were 4,000,000 tons in round figures. 
The corresponding exports in 1874 were 3,900,000 tons ; 
and in 1873, 4,157,000 tons. The quantity of coal ex- 
ported by Belgium to France last year was 3,900,000 
tons, in round figures, as compared with 3,700,000 tons 
in 1874. 

Steamers on the Seine.—The success of the small Parisian 
steamers known as flyboats, has led to the formation of a 
company for working a somewhat similar line of steamers 
to be known asthe Hirondelles Parisiennes. The capital 
of the new company has been fixed inthe first instance at 
60,0001. ; its steamers are to more particularly accommodate 


Auckland (N.Z.) Graving Dock.—Tenders for the con- 
struction of a graving dock at Auckland, New Zealand, have 
been opened by the local harbour board. Six tenders were re- 
ceived, but of these one was informal. The lowest tender 
was 96,787/. and the highest 139,901/. Fhe poewd decided 


not to accept any tender, on the ground that engineer’s 
estimate was exceeded. It is now to construct a 
smaller dock, viz., one 300 ft. long of 370 ft. long. 


German Railways.—The transfer of the railways of 





Germany to the State appears to be postponed for some 


Paris ly so called, but some of them are to run to | of 
St. Cloud. 


time to come. The German Government has now resolved 
to settle first the conditions upon which the transfer shall 
take place, and it will then submit these conditions for legis- 
lative consideration and approval. All this will obviously 
absorb a good deal of time. 

Bessemer Rails in France.—The Creusdét, Terre-Noire, 
and Ferminy Works are now delivering Bessemer steel 
rails in the north of France at 91. 16s. to 101. 7s. 6d. per 
ton. In the west the same works are making deliveries at 
101. per ton. 

Railways in Ontario.—Ontario has now 2510 miles of 
constructed rai way, and 10,523 miles of chartered railway. 
If all the chartered railways of Ontario were constructed, 
the province would have 13,033 miles of line against 15,576 
miles of line existing at the date of a recent return in 
Great Britain and Ireland. In Great Britain it was re- 
cently computed that there was one mile of railway to 
every 2045 re ; if all the chartered railways of Ontario 
were carried out, the province would have one mile of line 
to every 190 persons. Ontario is not thickly populated. 


Preserved Timber.—Some trunks of trees in a remark- 
able state of —— have recently been found in the 
wash-dirt in the Racecourse Company’s mine at Haddon, 
Victoria, at a depth of a little over 200 ft. from the surface. 
The grain and colour of the wood corresponds very much 
with the blackwood of the present day, and seemed to have 
suffered so little from its repose for countless ages in its 
damp and dark bed as to be scarcely distinguishable from 
the wood of trees cut down within the last year or two. 


Poughkeepsie Bridge-—We are informed that a con- 
ditional contract has been entered into by the officers of the 
Poughkeepsie Bridge ow for the construction of a 
great bridge across the Hudson at that point. The price 
named for the completion of; the whole work, ready for 
the cars, is a little over 3,000,000 dols. in cash, and the 
balance in bonds at a figure but slightly less than par, and 
the work is to be begun as soon as the company is prepared 
to assume the pee of the amount of cash required. 
The making of this contract is regarded as an important 
step forward. It does not insure the immediate construc- 
tion of the bridge, as that cannot be done till 1,000,000 dols. 
are raised, but it does make it an absolute certainty that on 
the raising of that sum the bridge will be built. 


A Canadian Railway Station—The Great Western 
Railway Company of Canada has ina ted a new 
passenger station at Hamilton, Ontario. The new station 
is erected immediately behind one which has just been de- 
molished, in order to give more room for trucks. The 
building, which faces north and south, is 3.50 ft. long by 
36 ft. wide, 100 ft. of the centre portion being two stories 
~—- The pee material used in the construction is 

pressed bricks. The windows and doors have pointed 
arches, with stone i and heavy stone sills. The 
roofs are pitched to an angle of 45 deg., and are covered 
with ornamental dark blue, green, and red slates, the ridges 
being surmounted by cast-iron cresting of neat design. 
The waiting rooms and dining rooms are well proportioned. 


Belgian Iron Exports.—The exports of iron from Belgium 
last year, are returned at 236,000 tons. ‘I'he correspond- 
ing exports in 1874 were 276,000 tons ; and in 1870, 220,000 

ns. 


Coal in Belgiwm.—The production of coal in Belgium in 
1865 amounted to 11,840,000 tons. The corresponding pro- 
duction in 1874 was 14,669,000 tons. The cost for labour 
for each ton of coal raised in Belgium in 1865 was 1s. 3d., 
in 1874 the corresponding cost had risen to 1s. 10d. 


Steel Rails in the United States.—At present the double 
track of the Pittsburg, Fort Wayne, and Chicago Railroad, 
is laid with steel rails as far as the ‘‘ Big Rocks’ at 
Emsworth; it is intended in the spring to lay similar 
rails as far as Sewickley or Roseburg. These rails are 
made at Johnstown, at the Cambria 1; ssemer Works, and 
at Chicago. The average cost is abouw (0 dols. per ton. 
Some English steel rails laid down some eleven years since 
on the Pittsburg, Fort Wayne, and Chicago are still in 
working trim. 

Tasmanian Main Line Railway.—The Tasmanian Main 
Line Railway Company is building its northern terminus 
near Cimetiére-street, Launceston. Two trains are now 
running daily each way, viz., one in the morning and the 
other in the afternoon ; but passengers by the latter train 
have to stay forthe night at Antill Ponds, the half-way 
house; they resume the trip in good time the following 
morning. 

Canadian Metallurgical Industry.—The directors of 
the Ottawa Iron and Steel Manufacturing Company have 
issued their annual report, which shows that—notwith- 
standing a great many of, the drawbacks incidental to new 
enterprises—the work of preparing for steady manufacture 
has been sufficiently advanced to enable;specimens of manu- 
factured iron to be placed in the market for the purpose of 
opening up trade. The company proposes to issue 100,000 
dols. of new stock for the purpose of ing machinery 
for the manufacture of boiler plate and merchant bar iron. 
We may add that the Hon. J. C. Robinson has inaugurated 
a movement for developing the utilisation of ,the iron ores 

Canada, pokey, em ona par with those of Penn- 

sylvania and Great Britain. 
French Railway Trafic. — An official French return 
shows that the te receipts of all the French lines 
in the first nine months of 1875 amounted to 25,081,191. 
The co ing revenue collected in the corresponding 
period of 1874 was 23,486,2951. 

The American Iron Trade—The Schuylkill Haven 
es Mill and the Keystone Chain Works have been 
leased to Messrs. Wiltrout, Rhoads, and Burgess. American 
iron rails are quoted at the works at 45 dols. to 48 dols. per 





ton currency. : 
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OUR INDIAN. TROOPSHIPS. 

In continuation of our previous articles* on this 
subject we propose on the present occasion to give 
some notes of the work done by our Indian troop- 
ships during the season 1874-5. The Table with 
which these notes are accompanied, presents at a 
glance the gross and average details of the distance 
made good, the time occupied, and coal consumed 
in travelling that distance, To the figures for the 
season 1874-5 we have added for convenience the 
figures which we gave some time ago for the two 
preceding seasons; and we have arranged the whole 
in such a way as render easy the comparison of the 
average work of the same ship during different 
seasons, or the average work of different ships 
during the same season. We have also added a few 
notes at the bottom of each column explanatory of 
the distinctive features of the machinery and of the 
conditions under which it was worked during the 
season to which that column refers. 





rices. 
Home, 25s. 6d. per ton, df 
Gibral > 27s. » < 8 | 
Malta, 33s. 6d ~ 


Port Said, 88s. ,, 
Bombay, 62s. a! : ue 
The diagrams of which we annex engravings were 
taken during the ordinary work of these ;. and 
we shall have something to say of each er on. 


CROCODILE. c 

The only alteration made in the machinery of this 
vessel between the seasons was the substitution of 
round boilers for the *‘ box” boilers, which had done 
their work so well and so Jong. In a previous article 
we remarked that the introduction of these boilers 
without any change being made in the d of ‘ex- 
pansion would probably throw some light on the 
effect which the difference of boiler construction has 
on the coal cost of the ship’s work. Comparing; in 
the Table, the distances run per ton of coal con- 








w.there, turns out, after, all, to. be 
y .. But why should these springs 
break ? e should like. to have the’ opinions or 
the experience of some of our readers on the subject. 

With res to the boilers it. is very remarkable 
that on the final arrival in'England at the end of the 
a oe bon wy crowns were found to be se- 
riously pitted: some places the pitting was 
quite three-eighths of an inch deep, No satisfac. 
tory explanation can be given of Ie, the more so 
that the boilers of the Malabar, boilers of a similar 
kind, after doing half as much more work, show no 
traces whatever of such action. 

It is to be observed, too, that the waste of the 
zine plates suspended in the boilers was remarkable 
for its irregularity. For-instance, ‘on the first out- 
ward voyage from Portsmouth to Bombay, the 
maximum loss was 18 lb., the average loss 7$1b., and 





sumed, we observe that in this ship there is a loss 


the minimum loss 1} 1b,—on plates.of 38 lb, ave- 


COMPARATIVE RESULTS AS TO COAL CONSUMPTION; DISTATEE, AND. TIME OF.THE RUNNING OF THE INDIAN TROOPSHIPS DURING THE 


iE LAST SEASONS, 





















































a CRocopILy. EvPHRArEs. . JuMNa, MauaBar. SERAPIB. 
1872.3. | 1873-4. | 1874-5.'| 1872-8: } 1873-4. | 1874-5. '} 1872-3. |: 1878-4.) 1874-5. | 1872-3. 1873-4, 1874-5.. 1872-8. 1878-4. | 1874-5. 
‘ Under steam alone ..-| 14,866 | 15,287 | 13,594 | 11,275 | 14,285 | 14,919.) 18,95% | .13;742 |..12,526 | 8,860 7,725 | 13,678 16,749 18,046 
—-_ Under steam and sail ...| 11,863 | 10,829 | 10,947 | 13,109 | 11,689 |. 9,460-| 6,698 | 9,967 11,167 | °7,262 | .6,570.| 11,104 | --9,511 | 11,418 
knots. Total ... | 26,229 | 26,066 | 24,541 | 24)884 | 25,974 | 24,379'} 25,649 29,709 | 28,693 | 16,122 | 14,295: | 24,782) | 26,260: | 24,458 
Hours (Under'steam alone ...|_ 1,661}. 1,869 | 1,655 | 1,292). 1,740 1,850 |. 2,980] 2,695} 11,560 | 1,046 942.| 1,747 | . 1,926 1,630 
making ) Under'steam and sail ...| ‘1,208 1,266 1,241 1,369 1,260 1,078 725 1,117 1,262 780 706 1,284 971 1y 
ood the 
Ostatace. Total ... 2,864 3,135 2,896 2,661 3,000 2,928 3,055 2,812 2,822 | 1,826 1,648 2,981 | . 2,897 2;921 
Coal (tons) ( Under steam alone 2,524 | 2,724 | 2,700 | 2,730} 3,471} 9,584| 5,200] 2,947: 2,207 |. 2,888 |..1,420.| 9,008] 3,670 | 2,950 : 
making aa steam and sail 1,765 1,788 1,751 2,602 2,325 1,866 1,520 1,624 1,572 | 1,726 970 1,561 1,882'{ 2,250 |. 3 
od the ; we _ ; 
Fisthnoe. Total ... 4,289 | 4,512 | 4,451 | 5,341) 5,796} 5,400] 6,729} 4,568 | 3,779 | 4,064 |. 2,390. | 3,859 |. 5,502} “8/200 r 
a 865 |... 8.73 |! |. CBT Hae ae 847 |... ve | BOO leg, a 
Under steam alone i a 8.15 ad de 8.21 ct} mT 8.iP 1. 12.8 |. 890 Oe IR 2 
be ve | BB cae re oe ee a6 Sijr@ PS [2.2 |... | Ree bs pot Bongg E 
9.86 ie a 9.58 ib i, 9.24 Hof 9.31 i re | Eph 
Avene < Under steam and sail ; ste 8.55 pe a. = | ABB 1. a, 8.92 4. iS 9.82 esp a. 8,83 Z 
green rs wey Fe tee ie eh eee ange ee Bare I ys i “ 3 
; 9.15 s2 a 9.15 se ~ 8.4 a 8.83 i ue | 9.06 a 
During the season is. 8.31 a si 8.66 ay ‘es 8.43 - i 8.67 oe ee 8.37 q 
~ oe ne 8.47 a ‘iid 8.30 Sal oho 8.39 Ws JOINS 8.31 BA i YY 4 
5.69 fi 4.11 i és 3.64 FS 3.76 fad 3 “ 4.56 Bs 5 
{ Under steam alone { 1g oth BML... at Lee aad 00 | | Reds. ge Gs * a 
Distance at aie 5.03 sé os 4.22 ub ped 5.67 ti ie 5.95 ae te 
in knots 6.72 4ié 5.04 = aia 4.41 if 4.21 ‘ied pa 5.19 
per ton of { Under steam and sail ac 6.05 me i 4.57 ia sis 6.15 2. ei 6.77 RY HAs 5.07 
coal, adi sid 6.25 aa vn 5.07 pi aaa 7.10 ee oii 7.11 a 
6M firs. 4.57 “s so -| SBI - » | 3.99 = ae aS os 
During the season Be 5.78 a ste 4.48 a ds 5.19 ie. ood 5.98 ie a 4.70 
- . vi 5.51 «st ~ 4.51 = bi 6.27 ee is 6.47 ar ies 
Simple engines. Simple engines. 8-cylinder| Compound engines.| Simple | Compound engines| Simple engines. 
| Round Box boilers. simple | One high and two | engines. Round boilers. Box boilers. 
Box boilers. | poilers. | 2-bladed | 4-bladed modified | engines.| low cylinders. Box 4-bladed Hirsch | 4-biaded Griffiths 
4-bladed ,; 4-bladed Hirsch Griffiths Griffiths screw. Box Round boilers. boilers. screw. screw. 
Hirsch screw. screw, boilers. | 4-bladed modified | 2-bladed Expan- 
screw 4-bladed | Griffiths screw. Griffiths sion valv« 
fitted in Griffiths Fresh screw. improved 
lieu of 2- screw. water 
bladed used in 
Griffiths boilers. 
in the Expan- 
middle of sion valve 
the improved. 
season, 
































It will be observed that during the season 1874-5 
only four ships of the five were employed; and 
that each ship made good a distance of, say, 24,000 
knots in the course of its two double journeys 
between Portsmouth and Bombay. We may re- 
mark that the mean working draught of the vessels 
was practically the same, and was approximately 
16 ft. 8 in. forward, 22 ft. 4in. aft. The coal used 
was generally a mixture of s Welsh and } North 
Country. Orders were given that as little coal as 
possible should be taken in at Bombay on account 
of the high price at that port ; and the following list 
of prices was issued to the several captains. They 
were instructed to make every effort, consistent with 
the speed ordered and the safety of the ship, to 
limit the expense for coal; and they were not re- 
quired to make up for lost time. 

“Season 187 4-5.—Mixed coal, consisting of 3? Welsh 
and 4 North Country, isto. be used between Ports- 
mouth and Malta; Welsh..coal between Malta and 
Port Said ; and mixed coal if possible elsewhere. 


* Vide vol. xvii. page 441, and vol, xviii. page 485. 








on the season 1874-5, and the loss—not less than 10 
per cent. for the time when under steam alone—is 
aserious one. This loss may not be altogether attri- 
butable to the change of boilers; but the fact of the 
loss is worth nothing, and there appears to be no 
other cause for it. 

Generally, the machinery worked well during the 
season ; but there was some trouble {with the pis- 
tons. The springs got broken in an unaccountable 
way. On one occasion the ship was delayed at sea 
until new springs were put in; and on another 
occasion the engines were kept going, the work of 
a Seay the ship being done for the most part 

y the “‘ un-noisy” engine. 

We have used the expression ‘‘ unaccountable ;” 
but we fancy that some of our nayal readers will 
hardly agree with us, and we may add that .we use 
the word only of the time and the place at which 
the accidents occurred. ‘These. cylinders are hori- 
zontal ;. and all who have served in ships fitted with 
large cylinders of that description have experienced 
or heard of the ‘‘ ghosts” which haunt their cylin- 
ders so freely—perhaps have shared in the weary, 








rage weight, onein éach boiler. It appeared to be 
utterly impossible to detect any cause or assign any 
reason for this irregular waste. Some attempt was 
made to follow the matter up on the return journey 
by changing four of the plates from boiler to boiler ; 
but the result was equally unsatisfactory and 
puzzliag.' Herewith are the details: 











Outward Journey. Homeward Journey. 
No. of No..of | Waste in| No. of Waste in 
Boiler. Plate. Pounds. Plate. Pounds. 
1 eS a 3k 
2 2 5 2 174 (c) 
4 se ihc 1 Fe] oe 
a 
5 5 7: 5 23+ (c) 
Pe | olde | 
a 
8 8 13 - s”° rit 

















i § was shifted to boiler for the 
homeward voyage, and appears to have wasted less in 
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No. 7 homewards than in Mo. $ saben, elena He 
waste in No. 7 boiler was excessive on the voyage out. 

(b). No. 7 plate, whose waste was so t on the out- 
ward voyage, was shifted to No. 4 boiler for the homeward 
voyage, where its waste was less than any of the others. 

(cj). The waste of Nos. 2and 5 plates was so t on the 
homeward vo pone Say wens away to an extent 
near the hooks by which were suspended, that they 
fell to the bottom of the boi before the journey was 
complete. 


The “pitting” of the iron plating, and the irre- 
gular waste of the zinc, would perhaps be fit matters 
of investigation by the Boiler Committee, not that 
we hope much from that source; but we cannot 
suggest any other way of seeking the reason why. 
It was found out after the season was over that 
the uptakes might be altered with advantage ; and 
altered they have been accordingly, as a preliminary 
to the current season's work. The principal dimen- 
sions of the present boilers of H.M.S. Crocodile are 
as follows : 

_ + ee boilers with steam domes: ft. in. 

iameter we ~~ oe se ne «awe 
bh she Se See eee . 10 4 
Load on safety valves, 1874-5, 30 lb. on the 


Three furnaces in each boiler : 
—, ee pon a ne we 
Length of firegrate ... sik nad phe 
One hundred and sixty-six brass tubes in 
each boiler : 
| an (outside) ... 


Co Oo 
a2clUhOlOF 


Fifty iron stay tubes in each boiler : 
mo (outside) ... eed al 
Tube surface, total 10,240 squ 


ao 6NIS 
en =o 


uare feet. 
Firegrate surface (as fitted) square feet. 
Plating ; shell = kn “dt od 
9 dome me al 
” furnaces and firebox 
o» elsewhere... ¥ 
Funnel ; diameter 
Pipes, main steam ... 
»» branch steam 
»» Waste steam ... 
» main f om 
»» branch feed ... 
» blow off 
»» brine ... = i sien 

Estimated gross weight 350 tons. 

The set of di we publish are not by any 
means-economical in appearance ; the initial pres- 
sure is much below the boiler pressure ; and it ap- 
pears to us that there is great room for improve- 


RLER 


ocoococoorowoooo 
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H.M.S CROCODILE 


Jan. 1875 
Stet 18, Vac.272, Rev. 39 
Seale 32 lbs to 1 uch 
4R 














ment in the cut-off arrangements of the large engines 
of Her Majesty's ships hee speeds. There appears 
to be now some hope of improvement in this re- 
spect, for the attention of several contractors has 
lately been called to it when asked to tender for 
new machinery. 

JUMNA. 

The Jumna appears to have gained considerably 
during the last season over her gain of the season 
1873-4. We attribute this to improved expansion, 
to the use of fresh water only in the boilers, and to 
the artes if not exclusive use, of Welsh 
coal, With all these helps to economy she is yet 
more expensive than the Malabar, but the dif- 
ference is less than appears during the season 1872-3, 
when both ships were working with their old engines 
and boilers. 

On the whole, in spite of certain difficulties ex- 
perienced in the early part of the season, the fresh 
water experiment appears to have been satisfactory ; 
at all events it was not attended with any serious 
disadvantage; and is to be repeated during the 
current season. The fresh water ap to have 
freed the boilers thoroughly from scale. At the end 
of the first outward voyage when the boilers were 
opened up there was a large accumulation of lqose 





scale at the bottom of each, and since then the only 
deposit has been in the form of loosepowder. The zinc 
lates suspended in the boilers wasted away very 
ittle—only about 1}1b. in each boiler; and the 
late suspended in the feed tank does not appear to 
hove been affected at all. 

The boilers were filled with fresh water before 
leaving Portsmouth. At Bombay they were washed 
out with fresh water, and filled with fresh water to 
working level before starting. After leaving Bombay 
there was a gradual increase in the density of the 
water in the boilers; but it is suspected that this arose 
in part from the possible leakage at the ends of the 
condenser tubes, or from the solution of the soda 
put into the feed tank during the voyage. Perhaps 
so; but as we have known of an increase of density 
where neither of these causes was suspected, we 
look upon some of this increase as a natural conse- 
quence, yet unexplained, of working the water over 
and over again. It is to be regretted that arrange- 
ments were not made for water being bottled off at 
regular intervals during the voyage, with a view 
to after analyses; and we hope that this will be done 
during the current season. 

On the way out on the second voyage the screw 
shaft of the Jumna showed signs of weakness. A 
crack, nearly fore and aft, made its appearance shortly 
after leaving Portsmouth ; and as it continued to ex- 
tend she put into Gibraltar for repairs. A tempo- 
rary coupling was then fitted; and she continued 
her work without further delay. Not her original 
work, however, for the Cro@odile had to push on and 
take her place homeward, leaving her to follow, at 
easier speed, if found necessary. The trunk glands 
of the high-pressure cylinder give some trouble, but 
otherwise the machinery works as well as could be 
expected of such a queer accumulation of movables. 

The steam —- to have been throttled consi- 
derably in the high pressure (see middle figure of 
the annexed set of di 8), for the steam line 
falls continually from the point of admission to 
the point of cut-off ; and the high-pressure expan- 
sion valve appears to have leaked badly, for at one 
end of the di there is no marked cut-off 
until about four-fifths of the stroke is completed, or 
until, we suppose, the main slide closes, e low- 
pressure diagrams look pretty well. 


4.M.S.JUMNA 
Nov. 1874 
SleamS58, Vac. 25,Ker 36 

































The following are the dimensions of the principal 
parts of the machinery of the Jumna: 


Engines. 
ft. in. 
Three cylinders—stroke re nn ee al, 
One high-pressure cylinder, diameter oe. 
Diameter of trunk of high-pressure cylinder 3 10 


Two low-pressure cylinders (with double 
piston, rods and return connecting rods) 
“ee a ae 

(i’xpansion valves are fitted to all the cylin- 
ders.) 

Two surface condensers. Condenser tubes, 
brass, tinned inside -and outside, and se- 
cured by screwed glands, total ;number, 


Length of tubes a 2 
Diameter outside . 0 OR 
» inside... ii . 0 O08 
Distance between centres ... — 
Air pumps, double acting, worked off low- 
pressure pistons : 
Diameter - ao a © 
Stroke... ads ok row a. “6 © 
Foot and ng valves, round, of vul- 
c.nised india-rubber : 
Area through foot valves ... 512.4 8q, in. 
et delivery do. ... 683.4 ,, 





Circulati double acting, worked 
ting pumps, d ng . 


off low-pressure in. 
Diameter «ye we a | 
Stroke ... e oes ES a 
Foot and deli valves, round, of yul- 
yg 1 
ugh foot or de 
Shafting. 
ft. in. 
Crankshaft, three cranks, 120 deg. apart, 
diameter... be na she ee Si 
Propeller shafting ... Ait 1 3} 
Stern tube shafting, iron part 1 7 
Propeller. 
Four-bladed modified Griffiths : 
Diameter... the mn so Mes 
ian id So = lp 50 4 
Pitch (1874-5) " ws i ies 
Boilers. 
Eight in number, made at Portsmouth Dock- 
yard in 1873: 
Diameter... +) # jf i. Se 
Length ose 3. af oot am s 
Load on safety valve 60 lb. per square inch 
(1874-5) 
Dome, flat topped : 
Diameter... ie 5 2 
Height o ae sn * 5 0 
Top of firebox to top of dome _.... a 
Twenty-four furnaces, three to each boiler : 
Diameter... oes poe “a Noa, ee ee 
Length a 5 0 
Centre to centre 3 2 
Tubes—1584 : 
Diameter, outside ... , 03 
on inside... wh 0 22 
Length between tube plates 6 9 
Centre tocentre... ss 0 4 
Funnel : diameter ‘i mr 8 4 
Height above uppper grate 60 7 
i » lower =,; a 61 11 
Approximate Weights. tons. 
Engines with water in condensers 300 
—— shafting, and fittings ... 112 
Boilers and fittings .. oa <i 270 
Water in boilers... 110 
| seedagmen a a ol sb a 
Total 944 


MALABAR, 

The Malabar’s saving during the season 1874-5, 
over that of 1873-4, is quite accounted for by the 
greater expansion of the steam. During 1873-4, it 
was found that the steam could not be cut off earlier 
than } of the stroke, without readmission in the 
high-pressure cylinder. During the summer of 
1874, the expansion fittings were improved so as to 
— a cut-off as early as 4, and although it was 
‘ound impracticable to cut-off quite so early on ac- 
count of the sudden shock, yet the gain by the altera- 
tion is very marked. Some little of the whole gain 
is, perhaps, due to improved jacketting during the 
latter part of the season. Some experiments were 
made to ascertain the gain by the jacketting ; but 
their results do not appear to have been satisfac- 
tory or quite conclusive. 


4.M.S.MALABAR 
Dec .1874 
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With reference to the set of diagrams annexed, to 
which we have added the combined corresponding 
diagram, we think better results would have been 
attained by cutting off earlier, or the same result as 
to economy, with a less strained boiler, had the boiler 
pressure been lowered, and the shut-off valve 
more nearly open. We may add that the outline of the 
low-pressure is not altogether reliable, because 
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BOAT FOR THE THAMES STEAM FERRY. 
CONSTRUCTED BY MESSRS. EDWARDS AND SYMES, ENGINEERS, CUBITT’S TOWN. 





of the peculiar way in which the indicator 
motion is obtained, The string is not at 
right angles to the lever when in its mid 
position ; and it is led away at a consider- 
able angle from the line of motion of the 
lever. 

During the season the engines of the 
Malabar gave some trouble. Some little 
delay was caused by that common difficulty, 
the rapid wear of the packing of the high- 
pressure piston rod glands, and by one of 
the pump rods carrying away; but the 
delay was not seriousin any case. The high- 
pressure slide and expansion valve fittings 
were somewhat troublesome; the high- 
pressure piston got cracked and had to be 
replaced ; and the screw was slightly injured 
in passing through the Canal during the first 
voyage out. 

Circulating plates were fitted in the boilers when 
first put on board. Some of these were removed 
before this season’s work began ; and it was observed 
that the boilers from which these plates were re- 
moved were cleaner inside than the others. During 
the current season the effect of rearranging the 
ey] feed pipes, placing them dissimilarly, is to 

EUPHRATES. 
.:. Euphrates worked well during the season. 
¢ shows no practical gain during the last over the 
preceding season ; and she is now the most expen- 
sive of the whole set. Her boilers have done their 


work well and they are gettin 3 
t g pretty well patched 
— we think that in view of such a feces as has 
— experienced in the Crocodile, the Admiralty 
olficers will be slow to advise that even these old 





(For Description, see Page 171.) 
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boilers, patched as they are, should be thrown aside 
in favour of others until the time comes to com- 
pound the engines. 


SERAPIS. 


The Serapis, as our Table shows, took no part in 
the work of the season 1874-5. Neither does she 
take any part in the trooping work of the present 
season, for, as everybody knows, she was se- 
lected for the conveyance of His Royal Highness 
the Prince of Wales and suite to and from India. 
She has been fitted with new round boilers in lieu 
of the old “box” boilers; but there was a good 
deal of trouble—in the first place, while yet in the 
dockyard hands, to get something near the intended 
poweroutof the engines; and subsequently, afterleav- 
ing for Bombay, to get a satisfactory speed without 
priming. Of course the fact of His Royal Highness 














being on board made everybody anxious 
that all should go well, and there was quite 
a sigh of relief when we heard even of her 
steaming satisfactorily after leaving Malta— 
thanks to the exertions of—&c., We fancy 
that primary thanks are due to the boilers 
themselves for scaling slightly, and to the 
engineers of the ship for “spotting” the 
peculiarities of the machinery with which 
they had to deal, rather than to the chief 
engineer from Malta dockyard who accom- 
panied the ship to Brindisi, or the chief 
inspector of machinery who was sent off at 
an hour's notice, overland, to put things to 
rights. 

With respect to these boilers we have 
one word more. The contract provided 
that certain furnace doors, known as 
Prideaux’s, were to be fitted, and they were fitted. 
Whilst discussing the merits of these doors a year 
ago, we expressed a hope that in this case they would 
not be, as others were said to have been, made a 
scapegoat for fault of construction elsewhere, and 
they were not, The boilers have only themselves 
to blame for their want of success—the doors have 
been removed. 





PATENTS.—No. VIII. 
NOTES FOR THE GUIDANCE OF INVENTORS, 
By W. Luioyp Wise, A.L.C.E. 
AUSTRIA AND HUNGARY—continued, 

Nature of Grant —Duration—Conditions—Cost of 
Maintenance, §c.—The privilege secures to the pa- 
tentee the exclusive use of his discovery, invention, 
or improvement, as laid down in his specifica- 
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tion, out the empire, for the number of | the required term of prolongation, from a public] c. Undertaking without the consent of the paten- 
tee the sale, oreven the storing or exhibition 


years mentioned in his privilege, counting from 
the day of delivery of the Letters Patent. The 
duration can in no case exceed fifteen years, except 
by aspecial grant of the emperor ; and, as respects 
inventions previously patented abroad, it is pro- 
vided that the Austrian patent shall expire with 
the prior foreign patent. The whole of the tax for 
the term granted being paid in advance, as already 
stated, the only costs of maintenance during that 
term are the costs of and relating to the working of 
— invention, which is treated of under a separate 
A patentee is authorised to establish such work- 
shops and to engage such workmen as are requi- 
site for the complete working of the subject of his 
patent to any extent. He may thus set up any- 
where in the empire establishments and depéts 
pots for the manufacture and sale of the subject of 
the privilege, and authorise others to work the dis- 
covery, invention, or improvement, under the pro- 
tection of the privilege. He may form partnerships, 
and work the patent to any extent, dispose of the 
patent, bequeath it, sell it, give licences, or other- 
wise part with it, and obtain patents abroad for the 
same object. 

These rights are, however, strictly limited to the 
precise object of the patented discovery, invention, or 
improvement, and therefore must not be extended 
to similar objects, or be exercised contrary to ex- 
isting laws or other privileges. 

If the privilege relates to an improvement or an 
alteration ofa patented object, it is limited to the 
individual improvement or alteration itself, and it 
gives to the privileged improver and alterer no right 
to the rest of the object that has already been 
patented, or of a process that is already known. On 
the other hand, the patentee of an object improved 
or altered by another patentee is not allowed to use 
the said improvement or alteration without his con- 
sent, 

A patent is invalidated 

1. By annulment (cancelling) or judgment. 

a. Such an annulment may take place if it 
is shown that the legal requirements for an 
exclusive privilege do not exist, particularly. 

aa. If it is shown that the description of the 
privilege is deficient, and does not fulfil the 
prescribed requirements already mentioned. 
64. If any one proves legally that the pa- 
tented discovery, invention, or improve- 
ment, before the day and hour of the 
official certificate, had already no longer 
the character of novelty in the empire, or 
that the patented discovery, invention, or 
improvement had been imported from 
abroad, and that the privilege in the Aus- 
trian States has not been granted to the 
original proprietor of the foreign patent, 
or his legitimate assignees. 
ce. If the proprietor of a valid privilege 
roves that the discovery, invention, or 
improvement patented at a later period is 
identical with his own discovery, inven- 
tion, or improvement, as previously laid 
down and patented according to the 
official rules. 

b. If an obligation constituting the validity 
of the privilege is not fulfilled ; 

ce. If the privilege is objectionable on public 
grounds ; 

2. By extinction, which takes place — 

a. When the patentee fails to work the 
invention the subject matter of the privi- 
lege, as prescribed. 

4. If the original or prolonged duration of 
the patent has expired ; 

c. If the privilege is rescinded voluntarily. 

It is to be understood that those reasons whereby 
the validity of a privilege ceases or becomes extinct, 
apply to purchasers of a privilege as well as to the 
original patentee. 

As soon as a patent is invalidated the discovery, 
invention, or improvement forming its subject- 
matter, becomes open to all. 

Prolongations—Eztensions.—A patentee whose pri- 
vilege has been granted for less than fifteen years 
may claim its prolongation for one or more years at 
a time, and from time to timé, so long as the entire 
duration does not exceed fifteen years, and provided 
the prolongation be demanded in each case before 
the privilege has become extinct. To obtain such a 
prolongation a petition for the same must be 
delivered in due time, together with the original 
Letters Patent, and a receipt for the tax in full for 





treasurer. 

The tax on prolongation of a patent is as follows: 
For the 2nd, 3rd, 4th, and 5th years, 21 florins; for 
the 6th year 31.50 florins; for the 7th year 36.75 
florins; for the 8th year 42 florins; for the 9th 
year 47.25 florins; for the 10th year 52.50 florins ; 
for the 11th year 63 florins ; for the 12th year 73.50 
florins; for the 13th year 84 florins; for the 14th 
year 94.50 florins ; and for the 15th year 105 florins ; 
also the stamp. 

The prolongation is issued from the Royal Hun- 
garian Ministry of Agriculture, Industry, and Com- 
merce as respects the a of Hungary and 
Transylvania, and from the Imperial Royal Ministry 
of Commerce in respect of the other crown lands. 
Such extensions are published. 

Although the emperor reserves to himself the 
concession of a further period beyond 15 years, it 
is provided that applications for such extensions 
shall only be made to bim by the authorities in 
cases specially worthy of consideration. 

Working— Assignments— Licences, §-c.—Thepatentee 
is bound, under penalty of having his patent an- 
nulled, to commence the exercise (manufacture) 
of his discovery, invention, or improvement in the 
empire, within one year from the date of issue of 
the patent, at latest. Formerly extensions of time 
were allowed on petition showing good grounds, 
but, as respects patents granted since 3lst August, 
1874, no such extensions of the working time are 
allowed. The practice on this point has been at 
times very uncertain, and much inconvenience has 
resulted to patentees. Besides working the dis- 
covery, invention, or improvement within the first 
year, the patentee must take care that its exercise 
within the empire isnot, at any time, entirely dis- 
continued for two years. Formal intimation of 
working must be presented, after which the local 
authorities send a commission (a clerk and an 
expert) to verify the commencement or continuance 
(as the case may be) of the working. The patentee 
has to pay the cost of this commission. 

In all cases where proof is not furnished within 
the period appointed that the patent was worked at 
the proper time within the empire, the notification 
that the patent has become void on account of its 
not having been availed of will at once beissued 
with the concurrence of the Royal Hungarian 
Ministry of Agriculture, Industry, and Commerce, 
in conformity with sec. 29 2 a of the Patent Law of 
15th August, 1852, and without giving any further 
notice respecting it. 

The same steps will be taken, although the proofs 
of the due use of the _— may have been given 
within the delay specified, should it transpire from 
the inquiries made that the article of the patent in 
question has not been produced within the Austro- 
Hungarian monarchy, but has only been imported 
from abroad. 

All exclusive privileges may be transferred en- 
tirely or partially to others, during lifetime, as well 
as by bequest, and, as already stated, owners of 
patents may grant licenses to others. 

All assignments,together with the Letters Patent, 
must be submitted to the Minister of Commerce 
and Trades, directly, or through the governor of the 
province where the transfer took place, or where the 

titioner resides, and for this purpose they must 
be duly legalised, unless they are delivered bya 
public authority. 

All defective assignments are to be returned for 
correction. 

All assignments are to be inserted in the special 
register, and that insertion is to be confirmed on the 
Letters Patent themselves, and in case of amere 
—_ transfera special certificate is to be de- 

ivered. 

All registered transfers of privileges are to be 
published immediately. After such a publication 
no one is allowed to plead ignorance about the trans- 
fer. 

Infringement—Litigation.—The following are con- 
sidered as infringements : — 

a. Imitating without the consent of the patentee, 
the object of the patent in the manner described 
in the enclosed specification, even in the case of 
such imitations taking place under a patent 
granted ata later period, and which is entirely 

or partially identical with the former ; 

. Importing from abroad without the consent of 
the patentee counterfeit objects of an Austro- 
Hungarian patent for regular sale, or for 
storing and exhibiting such articles for sale ; 
finally, 


~ 





of such articles for sale. 

If the specification of a privilege is inserted in the 
open registers, the very t infringement comes 
under the law, but if the specification has been kept 
secret the repetition only of an infringement pre- 
viously prohibited is considered illegal, both being 
punishable at the request of the injured party by 
confiscation of the existing counterfeit goods and a 
fine of from 25 florins to 1000 florins. In case of 
insolvency of the guilty party, the fine is trans- 
formed into imprisonment at the rate of one day for 
5 florins. The tools and means exclusively used for 
such counterfeitings, are destroyed, transformed, 
or made useless, according to their nature, unless a 
special agreement be made between the parties. 

The fine is paid into the poor box of the place 
where the infringement took place. The confiscated 
objects are destroyed unless the plaintiff agrees to 
take them in payment of damages given to him. 

If the defendant has taken advantage of any 
knowledge of the discovery, invention, or improve- 
ment acquired in the service or by the trust of the 
plaintiff, such circumstance must be considered as 
aggravating the guilt. 

Should the injured party not proceed criminally, 
or in cases of a first infringement ofa privilege 
whose specification is kept secret, the said party is 
only authorised to demand the discontinuance of 
counterfeiting and selling counterfeit goods, and a 
security against the use or sale, during the term of 
the patent, of the counterfeit goods found at the 
infringer’s establishment, provided they are manu- 
factured in the empire, and for their re-exporta- 
= in case they were imported from abroad for 

e. : 

In all patent contestatiens, the discovery, in- 
vention, or improvement is only to be estimated 
according to the specification annexed to the peti- 
tion ; that specification must, therefore, be taken 
as a basis in all cases where the decision depends on 
the contents of the specification, without any re- 
gard as to its being kept secret, and no additional 
alteration or framing whatever of the patent 
article can be taken into consideration in those pro- 
ceedings. 

The Ministry of Commerce and Trades decides 
the question, whether a patent, on any legal ground 
whatever, is to be considered as null and void, or as 
extinct. It, therefore, chiefly decides the question 
about the novelty of a discovery, invention, or im- 
provement ; moreover, the question as to whether 
it had only been imported from abroad, and was 
not appropriate for a privilege ; finally, in contes- 
tations arising between two patentees, the Ministry 
decides the question about the total or partial 
identity of their patents. 

The examination and punishment of infringements 
belongs (except other regulations be published) to 
the tribunal of the district in which they took place, 
according to the laws about trades. An appeal to 
the higher tribunal of the province is open for 
parties who feel themselves injured by such deci- 
sions, and in case of the first decision being modi- 
fied before that tribunal, also to the Ministry of 
Commerce and Trades. 

In cases of appeals the execution of the judgment 
is to be postponed till the confirmatory decision has 
been made. If, during the inquiry, the decision is 
found to depend upon a preliminary question 
belonging to the jurisdiction of civil tribunals, the 
parties are referred by the Criminal Court to the 
competent Civil Court, and in such cases the former 
can only give its own decision according to the 
legal decision of the latter. Moreover, the final 
decision of the Criminal Court by which any one 
has been found guilty of infringement and fined, 
may be invoked by the injured party before Civil 
Courts for claiming damages, as the case may be. 

The Criminal Court may, if sufficient reasons 
exist, order an inspection. or inquiry to be made, 
and if by these or other means the case of an in- 
fringement is clearly made out, the Court may, at 
the request of the injured party, order the imme- 
diate confiscation or other effective keeping of the 
counterfeit articles, and the tools and means exclu- 
sively used thereto. 

The law provides, however, that due care must be 
taken not to do, without necessity, any irreparable 
injury to the defendant, and therefore to demand, 
if required, a security from the plaintiff for any 
injury and damages that may occur. __ 

Ti daring the inquiry, the decision is found to 
depend on preliminary questions determinable by 
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the Ministry of Commerce and Trades, such a 
decision must be sought for officially, and the 
criminal proceedings are to be suspended till it is 
obtained. However, any confiscations that may 
already have taken place, or any other provisional 
measures, may be maintained till the question is 
decided as to whether the proceedings are to be con- 
tinued. 

In cases of infringements where no penalty is re- 
quired, but where merely the discontinuance of the 
infringement is demanded, or in cases of decisions 
about privileges as to the priority of the discovery, 
invention, or improvement, or asto private rights, 
orin cases of private claims of the injured party 
that have been referred by the Criminal Court to 
the usual course of justice, the civil tribunals are 
called upon to give judgment according to the 
existing regulations about summary proceedings in 
civil matters, wherever such proceedings have been 
introduced. 

The civil tribunal likewise may, if the infringe- 
ment is clearly made out or proved, by an 
inspection or an expert, order, at the request of the 
plaintiff, the immediate confiscation or other 
effective keeping of the counterfeit articles, either 
unconditionally or against proper security for 
damages. Such measures, however, must be justified, 
like a prohibition, within eight days, according to the 
prescriptions of law, by a bill of complaint, to avoid 
their being rescinded immediately at the request of 
the adversary, and a bill for damages being filed by 
the latter. the decision of a complaint within the 
jurisdiction of a civil tribunal depends on prelimi- 
nary questions that are to be decided by the Minister 
of Commerce and Trades, the parties are required to 
obtain his decision, and to produce it in the course 
of the proceedings. 

Infringements of the rights of third parties, which 
patentees commit in working their patent by ex- 
ceeding the limits of their rights founded in the 
same, are punishable by those authorities to 
whom it belongs to decide on infringements of the 
regulations on trades, according to the special pre- 
scriptions on that subject. The question about the 
frauds or culpable actions committed by parties 
appropriating illicitly to themselves the original 
discoveries, inventions, or improvements of others, 
in order to obtain a privilege thereon by themselves 
- other parties, is decided according to the penal 

aws. 


THE CLAUSTHAL WORKS.—No. IV. 
Tue Coarse Jiaaine House. 

THE ore from the coarse rolls as well as that 
from the coarse separation house, of sizes between 
0.7 in. and .166in., are (as already remarked) trans- 
ferred to the coarse jigging house, marked 7 on the 
general plan which we published on page 35 ante. 
The house is shown in longitudinal section, in plan, 
and in two different cross sections, by Figs. 16 to 19 
on page 172. 

The coarse jigging house is provided with nine 
two-sieved continuous jigging machines a, and four 
two-sieved discontinuous jigging machines 4, in 
which latter the material is taken out by hand (see 
Fig. 17). Besides these there are two hoists cc, 
Figs. 16, 17, and 19, which serve to lower ore destined 
for one of the lower lying dressing works, or to 
raise ore which is destined for a higher lying build- 
ing ; the hoists are also used for the raising of ore 
which requires to be rejigged. Their construction 
and the manner of working them will be sufficiently 
clear from Figs. 16, 18, and 19. 

The two-sieved continuous jigging machines are 
shown toa larger scale in Figs. 22, 23, and 24 of our 
two-page engraving. They work with 1} in. stroke, 
100 strokes per minute for the coarser, and 120 for the 
less coarse ore. The ore is led on to the first sieve 
through the opening a at the bottom of the hopper. 
The stuff, which during the jigging forms the lower 
layer next to the sieve, passes underneath the cap 
6 (which by means of two thumbscrews can be 
raised or lowered to suit the requirements of the ore 
to be jigged) into the slit c, Figs. 23 and 24, from 
which it falls out through the small shoot d, Figs. 
22 and 24, into the receiver m. The remaining portion 
= br = — from brs first sieve over the cap on 

cond sieve, and from here the i ASS 
_—— the cap ¢ (likewise adjustable), is doing 
he ey pass over the sheet iron projection, shown 
in Fig. 23, into the slit 7, and from which they fall 
vue ugh the small ‘shoot g into the receiver mn, 
Ww the remainder ag attle or skimpings passes 
over the cap ¢ into the dam box 4, and from thence 








along the small shoot i into the receivero. The very 
fine ore (hutch work) which may happen to be pre- 
sent, or which is formed during the jigging process, 
goes through the meshes of the sieves and is let off 
through the conical openings / &‘, and passes along 
the small channels ¢e’ into the receivers rr’. The 
meshes of the sieves are 0.79 in. to 0.118 in. wide ac- 
cording to the size of ore they are intended to jig. 

The water which passes over with the jigged ore 
and attle falls into the receivers m, m, and 0 escapes 
a the sieve p, Fig. 22 (see also the shaded por- 
tion, Fig. 24) into the channel g, from whence in 
conjunction with the water passing off from the re- 
ceivers rr’ it flows through the channel ¢ into the 
chief collecting channel w, Figs. 22 and 24 and Figs. 
17 and 18, page 172. This channel conducts it to 
the settling tank s, Fig. 17, whence after clearance 
it is led away to the lower-lying works to be used as 
clear water. The hutchwork which falls through the 
sieve and is consequently under 0.079 in. to 0.118 in., 
is emptied from time to time out of the receivers r r, 
in which it is collected into wagons and taken out- 
side to the hoist marked 20 on the general plan, and 
(as occurs to the produce from the fine separation) 
lowered on to a proper level to be transported to 
the fine jigging house. The arrangement for con- 
veying clear water to the jigging machines is suffi- 
ciently indicated in Fig. 22, and in Fig. 18, page 172. 

The jigging machines for rejigging, which are not 
continuous, but from which it is intended that the ore 
shall be raised by hand, are of the usual design and 
call for no special description here, 

On referring to Figs. 16, 18, and 19, it will be 
seen that dis the chief driving shaft from which 
the motion is transferred to the driving shafts of the 
separate machines, and also to the hoists¢c. The 
motion is communicated to the driving shaft d, from 
the pulley e¢ fixed to the driving shaft of the lower 
lying middle and fine crushing house. With regard 
to the arrangement chosen for communicating mo- 
tion to the pistons of the jigging machines, we shall 
take the opportunity of speaking more fully in de- 
scribing the fine jigging house. 

MIDDLE AND FINE ROLLs. 

Whilst the stuff ore obtained from the coarse jig- 
ging is lowered by the hoist marked 20 in the general 
plan (vide page 35 ante), and goes thence along 
the same way as the stuff obtained from the higher 
stages of the works; the ‘‘ Schur-erz,” raggings, 
and ‘“‘ Berg-erz,” skimpings, are sent to the middle 
and fine crushing house, marked 8 in the general 
plan, and which is shown in longitudinal section, 
plan, and cross section, by Figs. 28, 29, and 30 
of the two-page engraving which we give this 
week, The mode of transport of the ore from the 
coarse jigging house to the middle and fine crush- 
ing house, will be evident on referring to the en- 
gravings; the rails over the hoppers in the middle 
and fine crushing house being the continuation 
of those laid down on the floor of the coarse 
jigging house. The ore to be crushed is tipped 
into the hoppers a, Figs, 28 and 30, and thence de- 
livered to the middie crushing rolls 4, of which there 
are six, as is shown to a small scale on the general 
plan on page 35 ante. In Figs. 28 and 29, however, 
where the building in longitudinal section and plan 
is not represented in full length, only four of the 
rolls are shown. ‘The construction of the rolls is 
exactly the same as those in the coarse crushin 
house ; the delivery of the ore, however, is effec 
by a delivery roll ¢ of the usual kind, of which men- 
tion has been already made in the description of the 
coarse crushing house. The rolls which are other- 
wise of a similar construction to the coarse rolls, 
have a diameter of 15 in., and are 12 in, long; they 
make 60 ‘revolutions per minute, the breadth of the 
slits formed by the two rollers being 0.24 in. 

The crushed ore falls through the sheet-iron 
channel d, Figs. 29 and 30, with the assistance of 
a stream of water on to the small reciprocating 
grating ¢, through the meshes of which the produce 
under 0.166 in. is drawn off into the sheet-iron 
channel /, and thence delivered directly to the 
uppermost separation riddle, whilst the produce 
above 0.166in. passes over the grating to the fine 
crushing mill g. : 

The rolls of the latter have similar dimensions 
and speed to those of the middle crushing mill, 
but have a slit between the two rolls o rer | 
0.079. The produce from the fine rolls unites wit 
that which has fallen through the meshes of the 
reciprocating grating, and they thus pass along to- 
gether to the riddles, The riddles are arranged ex- 





actly like those of the fine separation, which we have 


already described, not only as far as the sizes of the 

holes in the riddles are concerned, but also as re- 

gards the number, size, and arrangement of the 

riddles, so that we here also obtain the five different 

sizes in the underlying receivers : 
In. 


in. 
1. 166 to .124 
2.124 ,, .093 
3. 093 }, .070 
4. 070 |, .052 
5. .052 * 039 


The produce under .039 in. is next led as in the 
fine separation into a pyramidal shaped funnel 4, 
through the spout of which the heavier subsiding 
grains are drawn off for jigging, whilst the slime, 
which flows over, is led into the large spitzkasten i, 
where the heavier slime subsides, and is drawn 
off by means of the ccck &, Fig. 30, into the cistern /, 
shown by dotted lines in Figs. 29 and 30, formed in 
the ground and lined with cement, and from thence 
is led along the conduit m to the auxiliary washin 
house. ‘The a cleared water passes 0) 
through a notch in the upper edge of the spitz- 
kasten, and along a conduit, which is not shown in 
the drawing into a cemented gutter fie lined with 
cement) #, and from thence into the catch pit o, 
Figs. 28 and 29. The produce under 0.039 in., which 
is drawn off through the spout of the funnel 4, 
passes into a single sieved jigging machine p, Figs. 
28 to 30, of which there is one to each separating 
apparatus. 

he construction of this jigging machine, which 
we have in passing mentioned in the description of 
the fine separation, will clearly be seen from Figs. 
25, 26, and 27 of our two-page engraving. ‘The 
machine works with 4 in. stroke, 200 strokes per 
minute, the separation taking place through the 
sieve. The ore to be jigged is introduced by a. On 
the sieve is a bed 2 in. or 3 in. thick of stuff ore, which 
itself acts —- of a fine sieve. The (‘‘ Schleich”) 
very fine ore (or hutch work), which passes 
through the stuff bed, i.e. through the sieve, is drawn 
off through the conical stopping 6 into the ‘* Schleich” 
receivers c and d, Figs. 25, 26, and 27, which com- 
municate with each other. 

After circulation in these receivers the partially 
cleared water passes off through the channel ¢ 
(Fig. 29 of our two-page engraving), into the pre- 
viously mentioned cement gutter x, ane which 
it passes combined with the slime coming from the 
large spitzkasten ii, into the alread mentioned 
catch pit 0, to be further cleared. ‘The contents 
which are here deposited, are dug out from time to 
time, and dressed on the fine jigging machines. The 
remaining produce from the jigging machine is car- 
ried off through the slit e, e 25, and arrives 
through the pipe /, indicated in Figs. 28 and 30, b, 
r, into the piping m, and through this along wi 
the contents from the spitzkasten to the auxiliary 
washing house, 

Besides the six separating apparatus, which serve 
the six middle and fine rolls, there is still a seventh, 
together with jigging machine and spitzkasten, in the 
building, similar to the other six, the representation of 
which, owing to the necessarily shortened length of 
the longitudinal section and plan, was not possible. 
This apparatus, which has been already mentioned in 
the description of the coarse crushing mills, serves 
as already remarked, for the sorting of the produce, 
under 0.166 in., obtained from the coarse crushing 
rolls, which is led along a wooden channel to it with 
the assistance of astream of water. 

The middle and fine crushing rolls, together with 
the apparatus connected therewith, are driven by a 
turbine, with a head of 78 ft., this turbine being 

laced in the short shaft s, and being assisted, as 

‘ar as is required, by a steam engine, marked 14 on 

the general plan. ‘Lhis engine, however, is chiefly 
used for driving the coarse rolls, marked 6 on the 
general plan (vide page 36 ante), a8 we have pre- 
viously mentioned in the introduction to these 
articles. The steam engine is a double cylinder 
horizontal Corliss engine of 100 horse power, and. 
is intended in case of deficiency of water to drive 
the middle and fine crushing rolls, together with the 
riddles and jigging machines attached to them, be- 
sides the coarse crushing rolls, P 

We may here remark that not only is the power 
transmitted to the upper-lying coarse jigging house 
by means of the pulley wu, as mentioned in the de- 
scription of the latter, but also to the lower-lying 
fine jigging house by means of the pulley», Lhe 
water required for dressing is led through the main 
piping w from the settling tank 2 at the lower end 





of the coarse jigging house- 
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KENYON’S LOW-WATER ALARM. 

We subjoin an illustration of Kenyon's low-water alarm, 
an apparatus which has now been fitted with successful re- 
sults to a number of boilers in our manufacturing districts. 
The arrangement consists of a vase-shaped vessel fixed on 
the top of a short pipe which is screwed into the top of the 
boiler, this pipe having within it a second smaller pipe, 
which passes down into the boiler to low-water level. As 
will be seen from our engraving, the vase-shaped vessel has 
no direct communication with the first-named pipe which 
forms its support, but the annular space between the two 
pipes is placed in communication with the upper part 
of the vessel by a bent pipe furnished with a steam cock, as 
shown on the right of our engraving. 








basin attached to a brass spindle, having a conical end which 
forms a valve stopping the lower end of the passage to the 
alarm whistle at the top of the apparatus. A small spiral 
spring made of hard brass and compressed so as to afford a 
resistance very slightly in excess of the weight it has to 
carry, serves to support the copper bas‘n and its spindle, and 
keep the opening to the whistle normally closed. 

Under ordinary conditions the pressure in the boiler 
forces the water up the inner pipe, and fills the outer vessel 
and copper basin; but should the water in the boiler get 
below the bottom of the pipe, the water falls out of the 
vessel excepting the portion retained within the basin, 
which, acting as a dead weight, overcomes the slight re- 
sistance of the spring and steam pressure, and pulls the plug 
away from the opening to the whistle, when the steam, 
rushing up the pipe, sounds the alarm, The apparatus can 
at any time be tested by turning the handle of the steam 
cock upwards, which places the interior of the vessel in a 
state of equilibrium, when the water falls to the level of that 
in the boiler (excepting that contained in the basin, which 
cannot escape), and the whistle is sounded; the vessel refills 
with water on closing the steam cock, which prevents the 
whistle being blown. In conclusion, we may state that the 
apparatus we have described is being introduced by Mr. 
Robert Wilson, of 10, St. George’s-terrace, Camp-road, 
Leeds, the author of the well-known “Treatise on Steam 
Boilers.” 








WEATHERHOGG’S PATENT BALANCED 
SLIDE VALVES. 

We annex illustrations of a system of balancing the slide 
valves recently patented in England by Mr. George W. 
Weatherhogg, engineer, of 274, Strand, W.C. Theengraving 
represents the valves of a double-cylinder engine, showing 
one valve in plan and the other in section. The principle 
consists in the balancing of the ordinary slide valve by 
means of a balancing plate adjusted by a wedge or 
cone C, which formsa part of the valve spindle. The 
slides shown have circular flanges or lugs cast on 
them, which interlock into corresponding flanges or lugs 
cast on the inner sides of the balancing plates B. In each 
of the flanges are cut suitable openings, through whieh 
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is passed the cone or wedge part of the spindle C, until the 
latter comes in contact with the flanges. The driving 
spindle is secured to a strap D, which also surrounds and 
carries the valve and {balancing plate. The openings cut 
through the circular flanges are slightly elongated, which 
permits the valves to relieve the cylinders of any back 
pressure occasioned by primiag. We are informed that 
with this system of relief to the cylinders no water taps are 
required to be fixed to the cylinders. 

One important feature in this arrangement is that the 
valves may be adjusted witheut removing the steam-chest 
covers, the cone parts of the spindles C pass througb one end of 
the steam-chest cover, and have sleeves A secured to the straps 
D, which works in suitable stuffingboxes; the adjustment is 
effected by the lock-nuts, as shown. By this arrangement, 
when the cones C are screwed down into the straps the action 
draws the valves and balancing plate from their seating, 
against the counter action of the steam, whilst by unscrew- 
ing the cones in the contrary direction the valves work 
with full pressure of steam on, thus showing that no 
possible damage could arise from carelessness, or otherwise, 
by the adjustment. This system is equally applicable to 
single or compound engines, and for marine engines by the 
application of the wedges or cones the usual blow-through 
pipes and cocks may be dispensed with, by allowing the 
wedge spindles to be made of sufficient length and keying a 
strap on to the sleeve A (as shown in the broken part) and 
having a hand-wheel for regulating the balancing in place 
of the lock-nuts as previously described. When the valves 
are properly balanced the adjustment is secured by the 
lock-nuts E upon the cone spindle, as shown, and when it is 
desired to blow through the cylinders, the cones C are driven 
into the strap by means of the hand-wheel which draws the 
valves from their facings sufficient for this purpose, the lock- 
nuts E come into contact with the strap when unscrewed, 
which prevents any undue pressure being put upon the 
cylinder facings. 

The valves are simple and comparatively inexpensive in 
construction, and one advantage they possess is that no 
spring, plates, nor packing rings are employed, the steam 
surrounding all the parts except the bearing surfaces, and 
should the steam at any time cut through the facings, the 
valves can, in a few moments, be set to work with the full 
pressure of steam on and rebalanced when desirable. The 
cone part of the spindles also allows for wear. 

We are informed that after 2} years’ constant use these 
valves have on examination been found to have no per- 
ceptible wear on them. This system was originally the inven- 
tion of a Mr. Taylor, of New York, but has since been con- 
siderably modified and improved by Mr. Weatherhogg, 
both in Eogland and America, and is now in successful opera- 
tion. We have now laying before us an official report upon 
the working of these valves in America given by Mr. W. W. 
Wood, engineer-in-chief of the United States Navy (Bureau 
of Steam Engineering, Navy Department), which speaks 
most flatteringly respecting their general efficiency and 
durability. The report was made from an official exami- 
nation of two 30 horse power engines at work in the New Ma- 
sonic Temple building, New York. The engines were built by 
the New York Safety Steam Power Company, who we are 
informed are large builders of this type of engine. We are 
informed also that this system of balancing is now being 
introduced into the American navy for marine engines, and 
amongst some of the noted makers now adopting this 
system we may mention Messrs. McNeffie and Levy, 
Messrs. Cramp and Sons, and the Peoples’ Iron Works 
Company, all of which are large marine builders in 
Philadelphia. We are also informed by Mr. Weatherhogg 
that he has several orders for small fixed engines of this 
class now in hand, and that they are now being built by 
two London firms, and others in the country under license 
from him. We propose shortly to give an illustration of 
one or more of these engines showing several other improve- 
ments which is being introduced into them. 


Gas aT Barsapors.—On January 14th last, Bridge- 





town, Bar' » was lit up by gas for the first time, the 
a of the — works being ina’ ted by a general 
illumination. The gas works have constructed by 


Messrs. William Blews and Sons, of Birmingham, who have 
been contractors for a number of similar works, 
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Erratum: ‘ Purmpron’s Router Sxares.”—In our 
article on this subject on page 155 of our last number, in 
the first column, line 28 from the top, for “‘ tan. a’’ read 
** tan. ¢.”’ 





Tue Evpion Gas Company.—The trial of the promo- 
ters and some of the directors of this company, after 
several days bering has ended in a qualified verdict 
against] some of the defendants, the question still remain- 
ing open as to how far the defendants are liable in law for 
the terms of the indictment under which they were tried. 
Leave has been given to move for a new trial provided some 
delicate legal points are undecided. This company was 
formed, with a very large capital, for the purpose of sup- 
plying gas not to large towns but chiefly to smali places, 
mansions, and other dwellings in districts not presently sup- 
plied with The plans and “ inventions,”’ if such they 
could be called, were by no means novel, and their utility in 
any.case was not only questionable but absolutely uncer- 
tain. With this slight pretension to notice, however, the 
public, and some clever cialists, managed to get them- 
selves within Chancery and Common Law proceedings, the 
end of which is not yet apparent, further than that all the 
money has been lost. 





Tue Depra or THE Sza.—At the last meeting of the 
Royal Society, Mr. Siemens, D.C.L., F.R.S., exhibited 
the instrument he has devised to ascertain the depth of the 
sea by a new means without using a sounding line. He 
has worked out the requirements, starting with the proposi- 
tion that the total gravitation of the earth as measured on 
its normal surface is composed of the separate attractions 
of all its parts, and that the attractive influence of each 
equal volume varies aniowsy | as its density and inversely as 
the square of its distance from the point of measurement. 
The density of sea water being about 1.026 and that of the 
solid constituents composing the crust of the earth about 
2.763 (this being the mean density of mountain limestone, 
granite, basalt, slate, and sandstone), it follows that an 
intervening depth of sea water must exercise a sensible 
influence upon total gravitation if measured on the surface 
of the sea. Mr. Siemens showed how this influence can be 
proved mathematically in considering, in the first place, 
the attractive value of any thin slice of substance in a plane 
perpendicular to the earth’s radius, supposing that the 
earth is regarded as a perfect sphere, of uniform density, 
and not affected by centrifugal force. It was in 1859 that 
Mr. Siemens first attempted to construct an instrument 
based on these principles. The difficulties he then en- 
countered he has since overcome, and the present instru- 
ment is the result of his latest work. He proposes to call 
it a bathometer, and it consists essentially of a vertical 
column of mercury contained in a steel tube having cup- 
like extensions at both extremities, so as to increase the 
terminal area of the mercury. The lower cup is closed by 
means of a corrugated diaphragm of thin steel plate, and 
the weight of the column of mercury is balanced in the 
centre of the diaphragm by the elastic force derived from 
two carefully tempered spiral steel springs of the same 
length as the column of mercury. One of the peculiarities 
of this hanical arrang t is that it is parathermal, 
the diminishing elastic force of the springs with rise of 
temperature being compensated by a similar decrease of 
potential of the mercury column, which decrease depends 
upon the proportions given to the areas of the steel tube 
and its cup-like extensions. The instrument is suspended a 
short distance above its centre of gravity in a univer 
joint, in order to cause it to retain its vertical position, 
notwithstanding the motion of the vessel; and vertical 
oscillations of the mercury are almost entirely pores 
a local contraction of the mercury column to a very. small 
orifice. The reading of the instrument is effected by 
means of electrical contact, which is established between 
the end of a micrometer-screw and the centre of the elastic 
diaphragm. The pitch of the screw and the divisions upon 
the rim are so proportioned that each division represents 
the diminution of gravity due to one fathom of depth. 
Variations in atmospheric pressure have no effect on the 
reading of the instrument, but corrections have to be made 
for latitude. The instrument has been ocmaly tested in 
voyages across the Atlantic in the Faraday, and the com- 
parisons with Sir W. Thompson’s steel wire sounding appa- 
ratus showed it was very reliable. The paper conclu ed 
with pointing out many ways in which the instrament 
might be of use; among others was that of indicating 
approaching danger if contour lines were first efficiently 
mapped.—T'imes. 
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NORTHCOTT’S FEED-WATER HEATER, 

WE subjoin a section of Northcott’s feed-water heater, a 
neat arrangement which is now being made by the General 
Engine and Boiler Company, of Union-court, Oid Broad- 
street. The arrangement will be readily understood from 
ourengraving. The exhaust steam enters at the branch a 
and passes through a horizontal perforated plate b, below 
which it comes into contact with the feed-water to be heated, 
this water entering through the branch ¢, and being dis- 
charged in a number of fine streams through holes formed in 
the central pipe shown. This pipe is fitted with the piston 
d, which piston can, by means of the rod shown, be slid up 
and down so as to adjust the supply of feed-water. The 
feed-water in contact with the exhaust steam has to pass 
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through the small annular space around the bell at the lower 
end of the central tube, and falls through the nozzle e into 
the tank on which the heater is placed. This tank serves 
to contain a supply of heated water, and it is placed slightly 
above the level of the feed-pump. In it, too, the heated 
feed-water deposits some of its impurities, these settling down 
and being cleaned out at convenient intervals. It is re- 
commended that the supply of feed-water should be so ad- 
justed that there is always a small escape at the overflow 
pipe 7, this overflow thus carrying eff any oil or tallow 
which may rise to the surface. This heater is capable of 
raising the temperature of the feed te 210 deg. or 212 deg., 
and it is altogether a very neat and compact arrangement. 





THE FLOW OF WATER THROUGH 
NOZZLES. 

On the Action of Water and Frictional Resistance or Loss 
of Energy when Flowing at various Velocities through 
a Nozzle with a Converging Entrance amd Diverging 
Outlet.* 

By Mr. James BROWNLEE. 

1. There is, perhaps, no engineering question which has 
received more consideration or been submitted to experi- 
mental determination with so much persistence as that of 
the flow of water. Any experiments, however, which have 
been made with the view of ae the discharge or 
velocity with which water flows through a nozzle with a 
diverging outlet appear not only to have been very limited, 
but there are no experiments on record by which the velo- 
city has been determined when the water is discharged into 
a acon in which the pressure is above that of the atmo- 
sphere. 

2. It is generally conceived that the velocity depends upon 
the difference between the internal and pressures 
only, and that an augmentation of the external resistance 
or outside pressure has the same effect in reducing the flow 
as a similar lowering of the inside head or pressure. It is 
only, however, within restricted limits that this is true. 
When, for example, water under a pressure of four 
atmospheres flows through the nozzle, Fig. 2, into a pres- 
sure of three atmospheres, the velocity is double of that 
which would be generated by a pressure of one atmosphere 
when flowing into the best possible vacuum. 

3. In some old works on hydraulics, it is mentioned that, 
when the discharge is not into the atmosphere, but into a 
vacuous space, the ex ing outlet has mo influence in 
either increasing or diminishing the discharge. This is 
obviously correct. As this mouthpiece is only a means of 

* Paper read before the Institution of Engineers and 
Shipbuilders in Scotland. 





utilising the energy of the current, and causing the acquired 
peewee ben of the water to be expended in repelling the 
external resistance, and thereby reducing the pressure at 
the throat of the nozzle, this pe Raney can have no influence 
when there is no external atmospheric pressure or other re- 
sistance to be repelled. ; 
4. The jet pump of Professor James Thomson is perhaps 
the first ical and successful application of the diverging 
mouthpiece to any useful purpose. Be 
In describing his invention to the meeting of the British 

Association at Belfast, over twenty years since, Professor 
Thomson said : ‘‘ The action of the jet pump depended upon 
two principles. One is the same as that of the steam b 
used in locomotive ines and in the ventilation of mines ; 
the other is one which was known to the ancient Romans, 
and was used sometimes by them for drawing off more 
water from the public pipes than they paidfor.”” Thesame 
fraudulent artifice is sai J Mr. James R. Napier to be at 
age practised in New York, where the price ¢ 

or water is in proportion to the area of the ogg A pe. 
There is, however, no instance, unless it be Mr. rt- 
son’s excavator, in which the action of the diverging outlet 
has been so advantageously and su y utilised as it is 
in the ejector-condenser of Mr. Alex. Morton. 
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Loch Katrine  -— 


5. In the course of last winter some very instructive and 
interesting experiments were brought before the Philo- 
sophical Society by the inventor. In these experiments it 
was shown by Mr. Morton, that a vacuum little inferior to 
that in the  apenmees > = ee at the ee, an 
ejector by the of water under a pressure 0! " 
per square ot which corresponds to a flow from 17} lb. 
absolute pressure, into 15 lb., with a vacuum between those 
pressures. The peo which first falls from 17}lb. to 
nothing—when the water acquires a velocity of about 50 ft. 
per second—should again rise to 174 lb. before this current 
could be deprived of motion, provided no loss of motion was 
poor ns friction ; but as the pressure re-ascends to 
15 Ib. only, 34 Ib. represents the frictional loss of in 
passing water through the tube at a velocity of about 50 ft. 
per second,{being one-seventh of the initial absolute head or 
pressure of 17} Ib. a : 

6. If, then, the frictional loss is in proportion to the 
square of the velocity, the flow of water from 35lb. abso- 
lute pressure into 30 lb., should—through the tube (Fig. 2) 
—be the same as when disc’ into a vacuous space ; or 
the velocity from 70 lb. into 60 ib. would be about 100 ft. per 
second, and could not move faster although this 601b. of 
back pressure were entirely removed. Those statements 
are, however, only deductions, which were thought con- 





had ever before been propounded, the hypothesis suggested 
uired confirmation. - 

_ 7. A series of experiments were, therefore, commenced 
in April last, and continued at intervals up to August. The 
arrangem + pe for those experiments are represented 


nm on os 

_ By opening the tap A, Loch Katrine water was admitted 
into the P. The pressure of this water at the City Saw 
Mills, where those experiments were made, was found to 
be about 35 Ib. yee outers pan Tear _ a In 
now opening the , water was i into 
chamber O, whence it Aaa daw 9 the tube (an enlarged 
section of which is shown in Fig. 2) into chamber D, 
thence through the tap E (when open), and finally escaped 
into the atmosphere at the end of the pipe O. Pressure 
gauges Nos. 1 and 2 communicated with femme C and D, 
and indicated the pressure of the water before and after 
passing through the nozzle. A small brass tube ¢ with stop 
cock and coupling e, as shown, communicated with the 
throat of the nozale and the top of a mercurial glass tube 
V, by which the pressure or vacuum at the throat of the 
nozzle could also be observed. 

8. With a pressure in chamber C of 30 Ib. above the 
atmosphere, as indicated by gauge No. 1, and the outlet tap 
E, opened so far only as to allow the pressure in chamber 
D to fall to 25.5 lb., as indicated by pressure gauge No. 2, 
it was observed that the mercury stood at the same 
level in both limbs of the vacuum glass tube V, thereby 
showing that the pressure at the throat of the nozzle was 
neither above nor below the pressure of the atmosphere. 

We have thus at the inlet end of the tube, in chamber C, 
a pressure of 8301b. Then forward l}in., at the throat of 
the tube, neither pressure nor vacuum; but on 
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in., at the outlet end of the tube, when motion 
, the pressure again rises to 25.5lb. above the 
here in chamber D. 

9. This, it will be observed on referring to Table I., is 


entered as Experiment No. 1. 

As 301b. ectrng ange corresponds to a head of 69.24 ft. 
of water, those are both entered in the second 
column of the Table as the pressure above the atmosphere 
in chamber C. In the second column is entered the pres- 
sure in chamber D in pounds per square inch, and also in 
feet of water, 58.85 ft. of water corresponding to 25.5 Ib. 
In the fourth column is entered the difference between 
the inside and outside pressure, which, as noted in the 


first experiment, is 4.5lb., corresponding to 10.39 ft. of 
ter 


water. 
In the ninth column is entered the vacuum at the throat 
of the nozzle in inches of mercury, and also in feet of water, 
lin. of mercury corresponding to 13.6 in. of water ; but as 
in this experiment there was no vacuum, the figures are 
here 0.00. While the water was thus flowing through the 
nozzle from 30 Ib. pressure into 25.5 lb., and showing neither 
ressure nor vacuum at the throat, the narrow-mouthed 
Bueket F was, at a determined instant of time, put under 
the outflowing current, and was found to fill to the lip in 
exactly 54 seconds, as entered in the fifth column of the 
Table. Without describing the method, it may suffice to 
say that the time occupied in filling the bucket could readil 
be determined to within less than one-fourth of a second. 
The bucket (at 60 deg. Fahr.) held 47§ Ib. of water, which 
nds to the weight of a prism of water 2.308 x 47§= 


another 
18 


109.92 ft. in length and lin. square. Then, as the dia- 
meter of the nozzle at the throat, as gy: Ane by 
an accurate i ent co by see 4 ite, 
Union-street, was .1982 in. or ai square inch in area, 


the water contained in the bucket would correspond to a 
prism 32.41 x 109.92=3562.5 ft. in length, with a diameter 
or area of that of the throat of the nozzle. 

To find the velocity of the water in feet per second, we 
have, therefore, only to divide this constant number (3562.5) 











sistent with Mr. Morton’s experiment, and not discordant 
with mechanical science ; but not finding that similar views 


by the time in seconds required to fill the bucket, and in 
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Tasxz I. 
Flow of Water through a Compound Nozzle _— Square Inch Area at Throat, under a Constant Inside Pressure of 






















































































, which corresponds to a Head of 69.24 ft. into various outside Pres- 
ture; ibe Aimorphere Presare as Indicated by Barometer being 30 in. of Mercury, which corresponds to 34 ft. 
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nearly 5.2 Ib. per 


h the same Nozzle as in Table I., but under a Constant Head of 12} 
uare Inch above Atmospheric Pressure, into Outside Pressures 


TaBxz II. 


ft., which corresponds to 
varying from 11} ft. down to 















































nothing above the External Atmospheric Pressure of 30 in. Mercury, or 34 ft. of Water. 
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11.5 1 16.34 8.025 2.04 
10.5 2 24.74 11.35 2.18 
10.15 2.35 27.4 12.29 2.23 0.0 12.5 28.37 966 
9.5 3 $1.95 13.9 2.30 4.5 17 33.09 .966 
8.5 4 37.9 16.05 2.36 11.3] 23.8 38.84 -968 
7.5 5 43.45 17.94 2.42 18.5 31 44.69 972 
6.5 6 48.14 19.66 2.45 25 37 49.14 -980 
6 6.5 50.9 20.66 2.46 29 41.5 51.76 -983 
5.5 7 53.17 21.23 2.50 32.5 45 53.83 -988 
5 7.5 53.98 21.98 2.45 33.5 46 54.43 -996 
4.5 8 54.39 22.76 2.39 33.5 46 54.43 999 
3.5 9 54.6 24.07 2.27 33.5 46 54.43 1,003 
2.5 10 54.6 25.37 2.15 33.5 46 54.43 1.003 
1.5 ll 54.6 26.61 2.05 33.5 46 54.43 1.003 
0.0 12} 54.6 28.37 1.92 33.5 46 54.43 1.003 















































viding 3562.5 by 54 w 
in Column 6 of the 


igures 25.86, as entered in Colu 
second due to a en a oy - of 
no 


Ren 


) due to » fall of (10.39 ft 
‘Tene the velocity of ¢ 
orifice 


In Column 9 is en 


this experiment the pressure at the 


that a velocity of 66. 
65.97, and di 
f as entered in 


velocity due to a pressure of 30 Ib., 
before entering the diverging oulet. 
The experimental velocity, as entered in Column 6 is 
and that velocity should be generated 
, a8 entered in Column 

iction ; but as h+V 


65.97°-+-64.4=67.58 ft. 
vided there was no loss from 


e have 65.97 ft. per second (entered 
as the velocity with which in this 
the throat of the nozzle. The 
mn 7, is the velocity in feet 
4+ Ib. or fall of 10.39 ft., and 
_ supeaees if the nozzle was de- 


outlet. 
‘efore, utilisi 
from 


ene 


friction 
ft. of head was required, we have 67.58-+-69,24— 


ly 25 ft. per 


-8 entered the head 
e@ vacuum in feet of 
toadd for vacuum, the 
The figures 
due to a pressure of 
ing back, however, to 

ft. per second was 
ing this by 66.78 we 
m 12, thereby 
1—.988= .012, 


t, been 25.86 ft. to 65.97 ft. to maintain the same pressure as 
, or to 2.55 times that which is (without loss from | ber C 
as entered in Column 8. 
however, with the same head of 
he water when passed through the 
ing outlet, was onl 
per second) being lost in 


tered the observed vacuum ; but as in 
throat was precisely the 
same as that of the atmosphere, the res here are 0.00. 
_ We pass now to Column 10, in whi 
in feet of water, as in Column 2, plus th 
water ; but as we have nothing here 
69.24are the same as in Column 2. 
78 in Column 11 is the veloci 
30 Ib., or 69.24 ft. of head. In loo 
Column 6, we find 








| .976 (as entered in Column 14) of the head h+V effective 
in generating motion. The residue, 1—.976= 024, or 2x% 
per cent. of the head h+V, being lost in friction before 
the expanding outlet. 
xperiment No. 2, in which the tap 
to allow the pressure in 
23.5 lb., and the tap B 
h further as was required 
before of 30.Jb. in cham- 


In thus lowering the outside pressure from 25.5 Ib. to 
23.5 lb., the mereury in the vaccum tube 
stood at the same level in both 
rose toa difference of level of 
column of 31.5 ft. of water, 
Table. It was now foun 
which corres: 
whereas the 
6.5 lb., or 15 ft. o 
second, as entered in Column 7. 


enteri 
10. wW 
E is so much further 
chamber D to fall from 25.5 Ib. to 
the energy of | is at the same time opened as muc 


a, of the glass ere now 
8 in., correspon 

as entered in Column 9 of the 
d that the bucket filled in 45 seconds, 
ponds to a velocity of 79.17 ft. per second ; 
due to the difference of pressure of 
8.0254 15=31.08 ft. per 
This experiment may, however, be better illustrated by 
supposing two water 
nozzle communicating with both, as re 
The altitude of the water in cistern R 
cistern S 54.24 ft., let a small tube 
throat of the nozzle, 
31.5 ft. 


gs 

being 69.24 ft., and in 
now descend from the 
and dip into water ina well ata depth of 
would then flow from cistern R into and 
over the top of cistern S, while at the same time water 
the well up the small tube to 
The velocity (excluding friction 
flow through the nozzle woul 


would ascend 31.5 ft. from 

the throat of the nozzle. 

with which the water would 

be that which a body would acquire in falli 

face of the water in the cistern 

through (h,+V)=100.74 ft., which is 
8.025 ./ 100.74= 80.55 ft. 


well, that is, 


ore — however, was not 80.55, but only 

.17 ft. per second, as entered in Column 6. _By owe | 
the level of the water in cistern R, the velocity throug 
the nozzle would be increased, and water from the well 
would then slowly ascend the tube, enter the throat of the 
nozzle, and flow over the top of cistern S at an altitude 
aR eer benaees a aoe ts 

is upon princi 0} ns @ ex. 
cavator and elevator of Mr. James iubertes depends. 
Two pipes farnished with gw nozzles pointing towards 
each other are lowered to the bottom of a river. Water is 
forced down one, and rises above the river surface in the 
other, bringing with it mud, sand, and gravel from the 
ey iy t No. 4, th tsid 
1. ey on to experiment No. 4, the outside pressure 
in chamber D is here iowered to 20 Ib., which corresponds 
to bringing the level of the water in cistern S down to 
23.08 ft. below the level of the water in cistern R. The 
mercury in the vacuum tube V now stands 29.6in. higher 
in the limb communicating with the throat than it does in 
the other limb open to the atmosphere, the barometer at 
the same time ing at 30in., and temperature of water 
60 deg. Fahr. The bucket now filled in 433 seconds, 
corresponding to a Mey 4 of 81.43 ft. per second, and as 
will be observed in the experiment, did not flow any 
faster when the tap E was full open and the 20 Ib. of outside 
pressure entirely removed. It will, therefore, be observed 
that the flow be cistern R, with hydrostatic head of 
69.24ft., into the cistern 8S, under a head of 54.24 ft. of 
water, is very nearly the same as if that cistern were 
entirely void of both air and water, the difference being 
only 81.43—79.17=2.26 ft. per second. 

12. As the inside and outside pressures in those experi- 
ments were taken with pressure gauges which are more or 
less uncertain, and as the pressure of Loch Katrine water 
was also very unsteady, the figures in Columns 2, 3, and 4 
of Table I. may err to the extent of half a pound, but not 
more. A more accurate method was, however, adopted in 
as the experiments which are noted in the succeeding 

ables 


13. In those experiments, the Loch Katrine water was 
shut off by closing tap A (Fig. ), and water from a cistern, 
which forms the roof of the boiler house, was admitted by 
opening tap H. The water in this cistern—which is 40 ft. 
in length and 19 ft. in breadth—was maintained at a level 
of 12} ft. above the throat of the nozzle, as indicated by 
two vertical glass tabes which were substituted for the 
pressure gauges. One of these tubes communicated with 
chamber C and the other with chamber D, and thereby in- 
dicating by the height of the water in those tubes the pres- 
sure before and r nage through the nozzle. The 
tubes being open at the top, rose toa height of about 13 ft., 
or a little above the level of the water in the cistern. When 
the taps H atid B were open, and tap E shut, the water 
stood in both glass tubes at the same level as that of the 
water in the cistern—12} ft. above the throat of the nozzle, 
as indexed on a scale divided into feet and inches, measured 
from the throat of the nozzle upwards, as shown on the 
right-hand side of Fig. 1. 

14. The taps H an B being full open, and the water in 
both glass tubes standing, with tap E shut, on the same 
level as that of the water in the cistern—124 ft. above the 
throat of the nozzle—the discharge tap E was now slowly 
opened until the water in the outside glass tube fell 1ft., 
or from 12} ft. to 11} ft., as noted in riment No. 6, 
Table II. The bucket was now found to fillin 218 seconds, 
which corresponds to a velocity of 16.34 ft. per second, as 
entered in Columns 5 and 6. Then, as the velocity due to 
a fall of 1 ft. is only 8.025 ft. per second, the quantity dis- 
cha: in this experiment is 16.34—8.025=2.04 times that 
which could possibly be obtained without the diverging 
outlet, as entered in Column 8. 

Passing on to Experiment No. 8, the tap E was here 
opened until the water in the outside glass tube fell to 
10.15ft. The difference of level in the two glass tubes 
being now 2.35 ft., when (as entered 0.00 in Column 9 of 


the Table) there was neither vacuum nor pressure above 
the atmosphere at the throat of the nozzle. The bucket 
now filled in 130 seconds, corresponding to a velocity of 
27.4 ft. per second, which velocity is 27.4—12.29=2.23 times 
that which is due to a fall of 2.35 ft. ; but as the level of 


the water in the cistern, as indicated by the inside glass 


tube, was 12} ft. above the throat of the nozzle, and as 
there was in this experim 

sphere at the throat, the velocity should correspond to that 
which is due to a fall of 12) ft., or 28.37 ft. per second, 
provided there was no loss from friction. The velocity ob- 
tained was, therefore, onl 27.4-28.37=.966, or say 961% 
per cent. of that which is due to a fall of 12} ft., as entered 
in Column 12 of the Table. 


ent no pressure above the atmo- 


This velocity of 27.4 ft. per second generated from an 


initial head or difference of level of 2.35 ft. is, it may here 
be observed, precisely the same as was obtained from 124 ft. 
of head when the water passed thro 
without the diverging outlet, as noted in experiments to be 
afterwards recorded. With the former nozzle it therefore 
appears that 2.35 ft. of head causes the passage of precisel 
the same quantity of water that 12} ft. of head does wit 

I ; the latter—both orifices being exactly of the same size. 
side by side with the | _ +f 

it flows through the tube with a velocity of 27.4 ft. per 
second, and then re-ascends 10.15 ft., or, =(10.15+-12.5)= 
812 ft. throcch oat pa . gee -y — in 
passing the nozzle at a i 4 ft. per 
second is, therefore, 1—.812=.188, or ioe cent. of the 
initial head of 12} ft. This frictional loss i may, however, 
be observed, is much less in entering than in lea the 
nozzle. In descending 12} ft. the water only acquires a 
velocity due to a fall of 27.47+64.4—=11.65 ft., when it re- 
ascends to a height of 10.15 ft. only. While, therefore, 
12.5—11.65=.85 ft., or 6,8, per cent. is lost in entering and 


h the nozzle, Fig. 3, 


In this experiment the water first descends 12} ft., when 


i tion, 11.66—10.25=1.5 ft., or 12 per cent. of 
1ead, is lost i ‘motion’ ‘The last 


genera 
the initial head, is lost in arresting that motion. 





per second, as entered in Column 11 of the Table. The ex- 


loss being nearly double that of the first. 
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The length of the outlet, or diyerging part of the tube, is 
30 times the diameter of the throat; but a greater length 
would likely reduce the frictional loss. That loss is, how- 
ever, relatively greater at lower than at higher velocities, 
in mie which has roy end to =a 

16. Again, passing xperiment No. 14, in which the 
tap E is further opened, until the water in the outside glass 
tube falls to an altitude of 5.5 ft. above the throat of the 


nozzle. The difference of levelin the two glass tubes is 
now 12.5—5.5=7ft. The velocity is 53.17 ft. per second, 
being 2.5 times that (21.23) which is due to a fall of 7 ft. 


The mer in the vacuum tube V now rises to a height 
equivalent to 32.5 ft. of water; and adding this 32.5 ft. of 
vacuum, or pressure below the atmosphere at the throat, to 
the head in the cistern of 12} ft. above the throat, the pres- 
sure by which the water is now forced into the nozzle, is equi- 
valent to) h,+V=12.5+32.5=45 ft. head of water, as 
entered in Column 10. The velocity due to that head is 8.025 
A 45= 53.83 ft. per second, as entered in Column 11. The 
experimental velocity is, however, only 53.17+53.83=.988 
of this (as entered in Column 12), which corresponds to a 
loss from friction in entering the nozzle of 1—.988°= .024, 
or 2,4, per cent. of the 45 ft. of head. After descending 
45 ft., the water re-ascends 38 ft., or .844 ft. for each foot 
of fall. The whole frictional loss in passing water through 
the nozzle at a velocity of 53.17 ft. per second is 7 ft. of 
head, which corresponds to 7--45=.155, or 15} per cent. of 
the 45 ft. of pressure required to epee that velocity. 
It will be observed that at this higher velocity the per- 
centage of frictional loss has decreased, while entering the 
nozzle and generating motion ; but in arresting that motion, 
after passing the throat, and restoring pressure, that loss 
has increased. Both losses together are, however, relatively 
less at the higher than at the lower velocities. 

17. In further lowering the outside pressure from 5.5 ft. 
to 5 ft., as in Experiment No. 15, the mercury in the 
vacuum tube V rose (when the barometer stood at 30 in.) 
to a height of 29.6 in., which corresponds to 33.5 ft. of 
water, as entered in Column 9. The height of the column 
of mercury in the vacuum tube being now only four-tenths 
of an inch less than in the barometer, did not, with water 
in the cistern at 60 deg. Fahr., rise any higher with any 
diminution of the outside head or pressure. The velocity, 
however, increased slightly, until (as shown in Experiment 
No. 17) the outside head was lowered to 3.5 ft., when the 
velocity increased to 54.6 ft. per second, but did not further 
increase when the discharge tap E was opened in full, and 
all outside head or pressure above the atmosphere thereby 
removed, 

A velocity of 54.6 ft. per second is that which is due to a 
fall of (54.67+64.4)—46.3 ft., whereas the actual fall could 
not exceed 46.5 ft., although the vacuum at the throat of 
the nozzle had been as alk as in the barometer, since 30 in. 
of mercury corresponds to 34 ft. of water, and adding this 
to the 12} ft. of head in the cistern gives the maximum head 
=34+12.5=46.5 ft. 

I have said that the mercury in the vacuum tube, at its 
highest point, was four-tenths of an inch less than in the 
barometer. There was, however, reason to believe that 
the vacuum at the throat of the nozzle was better than as 
indicated by the mercurial vacuum tube V. On the top of 
the mercury in that tube there always rested more or less 
water, and that water, it could be observed, was in an in- 
cipient state of boiling. Numerous small globules of vapour 
could be seen forming and rising up through the water at 
the “ of the tube, and flowing into the throat of the 
nozzle, 

It is, however, rather remarkable, after all pressure at the 
throat had nearly vanished, that the frictional loss in genera- 
ting motion should also disappear, as evinced in the four last 
experiments of this Table II., where the velocity is 54.6 ft. 
per second since it will be observed that this velocity cor- 
responds very nearly to that which is theoretically due to 
7 seuss pressure or head above zero of 12.5+34= 


(To be continued.) 








Patent Law Rerorm.—The following petition has 
been presented to the House of Commons by the National 
United Trades Congress at Glasgow. The document sets 
forth : ‘1. That the patent laws of this country require im- 
mediate and thorongh reform in the interests of the na- 
tional industry and in justice to the numerous inventors 
amongst the working classes, and your petitioners therefore 
humbly pray that a Bill be introduced next session of Par- 
liament embodying the following general provisions. 2. In 
order to enable working men to obtain protection for their 
inventions, letters patent should not cost more than ten 
pounds sterling, and should be altogether free from either 
annual or periodic taxation. 3. The term of the patent 
should be extended to twenty-one years. 4. Every applica- 
tion for a patent should be examined as to whether the 
invention is new, as it is absolutely necessary that the scope 
of the patent should be clearly defined and a tangible pro- 
perty constituted, otherwise working men can never be safe 
from the unjustifiable encroachments of.capitalists. 5. This 
examination should take place at the first stage of the 
patent, and upon the provisional specification, in order to 
relieve inventors from the unnecessary burden of paying 
the whole of the agents’ fees before knowing whether their 
inventions are new. 6. The examiners should be tho- 
roughly efficient men, and sufficient in number for the 
work to be performed, and their duty should simply be to 
report to the inventor the result of their searches, and let 
the applicant himself judge whether he shall take the 
patent, thus avoiding litigation or appeals of any kind 
against the finding of the examiners. 7. The notice to 
proceed stage. should be abolished, and also the present 


_ cumbrous and unwieldly great seal. 8. The licensing of 
the use of patented inventions should not be commquanery 
except in cases where it can positively be shown t 
inventor fails to 
tented article 


. t the 
supply the public demand for the pa- 





THE “ GERMANIC,” 

WE annex an abstract of the log of the s.s. Germanic of 
the White Star Line, for her recent remarkable run 
from New York to Queenstown. In this run, which is 
the quickest on record, the time occupied from leaving 
Sandy Hook to the arrival at Queenstown was 7 —- 
15 hours 17 minutes only. The displacement of the 


vessel ou leaving New York was 9125 tons, and on 
arriving at Liverpool 7925 tons, the mean displace- 
ment being thus 8525 tons. The mean pressure of steam 
in boilers was 63 lb., the mean vacuum in condensers 27 in., 
and the mean revolutions 55.57 per minute. The mean in- 
dicated horse power throughout the passage was 5434 horse 
power. 


AxsstTract oF Loe or THE 8.8. “Germanic,’”’ C. W. Kennepy, ComMANDER. 
From New York, vid Queenstown, towards Liverpool. 


























Date.| Winds. | Courses. | Distances.| Lat. | Long. Wrarunr. 
1876 | N. | W. 
eb. 
5 |Left Company’s Wharf 1.82p.m. passed Sandy Hook, = Dy discharged pilot 3.22 p.m., proceeded full speed, 
l p.m. 
6 8.S.E. | N. 87.37 E.| 313 40.41 | 67.12 | Moderate and fine. 
7 Southerly | ,, 85.19 ,, 380 41.12 | 58.52 | Strong breeze and overcast. 
8 Variable | ef 383 41.43 | 50.24 | Fresh breeze and squally. 
9 IN.toN.N.W.) ,, 63.50 ,, 372 44.27 | 42.47 * PA 
10 Variable | ,, 62.57 ,, 376 47.18 | 34.46 | Strong. 
11 ‘és | op 70.52 ,, 360 49.16 | 26.16 | Fine. 
12 ‘ | 5, 76.01 ;,| 360 | 50.43 |17.18 | Moderate and clondy. 
13 res = 350 to Queenstown, arrived 10.47 a.m., Roche’s Point out 1.20 p.m. 
14 | InChannel | tse Anchored off Bar Light Ship, 8.33 a.m., waiting for tide, 11.40 a.m. 
proceeded, 12.25 Rock Light. 
| 2894 








Total distance traversed 2894 knots, equal to 370 knots per day, 15.8 knots per hour. Duration of passage from 
Sandy Hook to Queenstown, 7 days 15 hours 17 minutes. 








THE THAMES STEAM FERRY BOAT. 

Towarps the close of last year we had to record the 
commencement of an undertaking having for its object the 
relief of the traffic over London Bridge. That undertaking 
was the Thames steam ferry, andthe occasion of our notice* 
was the screwing of the first pile of the wharf by the then 
Lord Mayor. The project consists in the erection of two 
suitable wharves and landing places with hydraulic lifts for 
the embarkation and disembarkation of passengers and 
wagons at all states of thetide. One of these landing places 
is situated at the Tunnel Wharf, Wapping, the other 
being at Church Stairs Wharf, Rotherhithe, on the oppo- 
site shore of the river. Between these two wharves are to 
ply two steam ferry boats, the first of which was success- 
fully launched from the yard of her builders Messrs. Edwards 
and Symes, Cubitt Town, on Saturday last. The ceremony 
of christening the vessel was performed by Miss Cotton, 
daughter of the Lord Mayor, and after whom the boat 
was named the Jessie May. The Lord Mayor, the 
Lady Mayoress, and a great many members of the Corpo- 
ration and Members of Parliament were present upon the 
occasion, having been conveyed down the river by a special 
steamboat, the band of the Honourable Artillery Company 
heing in attendance. After the launch, which took place 
at 2.35 p.m., the visitors were conveyed across the river to 
the Ship Hotel, where about 150 guests sat down to 
luncheon, Mr. E. Waller, the managing director of the 
company, being in the chair. 

The vessel which forms the subject of the present notice 
is of iron, and is illustrated on page 165 of the present 
number; Fig. 1 being a longitudinal section, Fig. 2 a deck 
plan, and Fig. 3 a transverse midship section. She is 
82 ft. in length, 42 ft. in breadth on deck, and has a depth 
of 8 ft. 9in. She has deck accommodation for twelve 
2-horse vans, besides passengers and goods, her carrying 
capacity being 50 tons. She is so constructed that she can 
be propelled in either direction, there being a rudder at 
each end fitted with separate steering gear, which is 
worked by a wheel from a platform erected on the top of 
each paddle-box. By this means the deck is kept clear 
of obstruction, and a good look out is obtained, a point of 
great importance, considering the large number of vessels 
constantly moving at this part of the river. ~In order fur- 
ther to reduce the deck obstruction, the funnels are placed 
on the sponsons near the paddle-boxes, and the deck is left 
clear for three lines of wagons and carts. Tne engine- 
room skylights and hatches are placed between these cart 
tracks, andthe whole of the machinery works clear of the 
deck beams, as will be seen on reference to the sections in 
our engravings. At either end of the boat is a hinged 
platform 27 ft. long by 4 ft. wide, which is raised and 
lowered by a chain and winch. During the passage it 
forms the end bulwarks, whilst at the wharves it consti- 
tutes the connexion between the vessel and the landing 
stage. 

The engines, which are being made by Messrs. Maudslay 
Sons and Field, are inclined condensing paddle wheel en- 
gines of 30 horse power collectively, to develop 120 horse 
power. They have 23-in. cylinders with 27-in. stroke, and 
are to work with 351b. steam and to make 80 revolutions 
per minute. They are disconnecting, so that the paddle 
wheels may be worked in opposite directions if necessary. 
The air pumps are 23 in. in diameter with 11-in. stroke, 
and each engine will be fitted with a feed and a bilge 
pump. The paddle wheels are overhanging, 10 ft. 6 in. 
in diameter; with common boards. There are two 
cylindrical boilers which are to be placed in the wings 
of the vessel, each boiler containing 166 tubes, Each 
boiler furnace is 2 ft. 9 in. in diameter and 4 ft. 7 in. 














* See ENGINEERING, page 310, vol. xx. 





long, the area of the fire and tube surface being about 600 
square feet. The tube plates are § in. thick and the shells 
are double rivetted in the longitudinal seams. The boilers 
are to bear a working pressure of 35 1b. per square inch and 
are to be tested by water pressure to 70 lb. per square iach. 
A donkey engine and pump for feeding the boilers, and 
capable also of being worked by hand, are to be fitted. 

The wharves are fast approaching completion, Mr. Duck- 
ham, the company’s consulting engineer, being at present 
engaged in fitting up the hydraulic platform. The second 
boat will shortly be commenced by Messrs, Edwards and 
Symes, and will be similar to the Jessie May. There 
can be no doubt that the steam ferry will prove of consider- 
able utility in relieving London Bridge of a large amount-of 
traffic, which formerly had to pass over it between the 
Wapping and Rotherhithe districts. The saving in distance 
will be three miles, and the undertaking is hailed as a boon 
by the trade and commerce of the east end of London on 
both sides of the River Thames. 





PATENTEES AND THE CROWN.—The case of Dixon v. 
the London Small Arms Company, which has been before 
the courts for more than a year, was again tried in the 
Court of Appeal at Westminster, last. week, before the 
Lord Chief Baron, Lord Justice James, Lord Justice 
Mellish, and Mr. Justice Grove. After having been argued 
for three days judgment was given on Friday in favour of 
the defendants, thus reversing the well-considered decision 
of the Court of Queen’s Bench, pronounced on the 25th of 
January, 1875. ‘The case is a very important one, and has 
been already alluded toin these columns. The plaintiff was 
the assignee of several patents for improvements in breech- 
loaders, and the defendants, under a contract with the Secre- 
tary of State for War, manufactured a large number of 
Martini-Henry rifles, and in so doing infri the plain- 
tiff’s patent. The case of Feather v. the Queen made it 
clear that the Crown could by itself make use of any patent 
without paying royalty. But the decision of Friday last 
enables the Crown to use a patent by its agents or con- 
tractors. It was put ina sey ingenious way on behalf of 
the Government, by the Attorney-General, who argued 
that contractors were in reality servants of the Crown, 
just the same as workmen in the arsenals and dockyards, 
the only difference being that in the former case they were 
paid by the piece, and in the latter by the day. The Court 
acce this view of the matter, and adding that “ it is 
precisely the same as though the Crown had hired the de- 
fendant’s warehouses:”’ This maybe very good law, but 
it is very bad justice, for it must be remembered that 
there are many inventions, such, for instance, as those re- 
lating to ordnance or armour-plates, where the Crown is the 
only possible customer. The unfairness of this state of 
things was ised by the Lord Chancellor, and alluded 
to in his speech on the introduction of the Patent Bill last 
year. To remove all doubt he proposed the following clause 
(No. 34): ‘A patent shall have to all intents the like effect 
as against Her Majesty the Queen, her heirs, and successors, 
as it hasagainst asubject. But the officers or commissioners 
administering any department of the service of the Crown 
may, by themselves, their agents, contractors, or others, 
at any time after the application, use the invention for the 
service of the Crown, on terms to be, before or after the 
use thereof, agreed on, with the approval of the Treasury, 
between those oe or seep peor | sag vee tentee, 
or in default of such agreement, settled by ; 
and the use and publication of the invention rms 
section during the period of provisional protection shall not 
prejudice the ¢ of a patent for the invention.’ This, 
or something like it, is demanded by the merest justice. 
The only objection we can see to this r manner 
of preserving the rights of the inventor is, as we remarked 
at the time, that if anybody can drive a! bargain than 
“the officers or commissioners admin any depart- 
ment of the service of the Crown,’’ it is the ury. 
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(For Description, see Page 167.) 






































Tue MerropouiTraAn WATER Supriy, AND THE UsE | 
or Hyprants.—At the last meeting of the Metropolitan | 
Board of Works, a report of a committee appointed some | 
time ago to consider the value of hydrants as a means 
of extinguishing fires in the metropolis was presented. | 
After reciting various steps that had been taken to arrive | 
at sufficient knowledge of the subject, the repert stated | 
that in places such as at Manchester and Liverpool, where | 
a constant water supply under really high pressure is | 
available, such is of great value, and were the London 
supply under equally similar conditions the adoption of 


hydrants in the metropolis would be a t advantage for 
extinguishing fires. But in the enet Lenten, the supply 

















THE COARSE JIGGING HOUSE, 


. f 
is not in the hands of the local authorities, but in those of | 
private companies. The committee had recourse to the 
advice of Sir J. W. Bazalgette, who in reply stated that 
hydrants for the purpose of putting out fires in London 
would not be of real practical advantage unless a sufficient 
pressure of water were insured, and he further stated that 
this could not be provided so long as the supply depended 
on the varying action of the present companies. It ap- 

that Captain Shaw, the chief of the Metropolitan 

ire Brigade, expressed himself to the same effect. Only 
a few places in the metropolis, where sufficient pressure, 
owing to their low level, could be maintained, would be 


ORE-DRESSING WORKS AT CLAUSTHAL. 





which the committee arrived was that at present the plac- 
ing of them throughout the metropolis would not be of 
such public utility as to justify the great expense that must 
be in for carrying out such a system. Mr. Richard- 
son, on moving the adoption of the report, entered into a 
variety of details to show its justification, stating that the 
expense would not be less than half a million sterling. 
Eventually the report was adopted, and consequently the 
metropolis must run the danger of fires that might easily 
be extinguished in their origin even by low-pressure h ts 
in most localities, until the London water companies and the 
Metropolitan Board of Works arrive at some mutual ur- 


benefited by the fixing of hydrants. The general result at | derstanding, which seems as far off as the Greek Kalends. 
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NOTICES OF MEETINGS. 

THE INSTITUTION OF OrvIL ENGINEERS.—Tuesday, March 7, 
at 8 p.m. Discussion on “ Floods, Rainfall, Evaporation, and 
Percolation.” 

INSTITUTION OF SURVEYORS.—Monday evening, March 6th, when 
the discussion on the “ Agricultural Holdings Act,” adjourned 
from the last meeting, will be resumed, The chair to be taken at 
eight o'clock. 
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THE MERCHANT SHIPPING BILL. 

We last week offered some remarks upon the 
constitution of the ‘‘ Courts of Survey” proposed to 
be established by the Government Bill, and ex- 
plained the powers proposed to be granted to them 
in relation to the load-line question. Practically 
those courts will have to determine the maximum 
load-line for all ships loading outwards, if the Bill 
becomes law. They will, however, be utterly in- 
capable of deciding such matters on sound prin- 
ciples. The proper load-line for a ship is essen- 
tially a matter that cannot be decided on from evi- 
dence merely, because the whole thing is more or 
less intangible, and the ablest experts can only ar- 
rive at a definite opinion on the matter by the help 
of a wide range of data extending over numbers of 
ships of which the vessel in question forms merely 
one of the series, And even when they possess such 
data, a number of modifying circumstances have 
to be taken into consideration, due to the special 
peculiarities of the ship, season, voyage, and cargo. 
These can be weighed approximately in the mind 
of a competent professional man, but their weight 
in detail cannot be set forth to a court, so that the 
evidence of experts on this subject amounts to little 
more than a statement of the opinion or the judg- 
ment they have arrived at on the case. And this 
kind of evidence can be multiplied to any extent, 
especially on the side of the shipowner. We say, 
therefore, that the “ Courts of Survey” will not as a 
rule have sufficient data in evidence before them on 





which to decide the question ; and there will not as 
a rule be within the court itself that continuity of 
ideas (owing to the assessors constantly changing) 
which alone in matters of this kind can prevent 
glaring inconsistencies in the decisions, as between 
one ship and another. 

More objectionable still is the provision which 
enables an owner to pick out an assessor of his own 
choosing to accompany the Board of Trade surveyor 
to the ship for the purpose of influencing the latter 
in his decision. ‘If the surveyor and assessor 
agree, the Board of Trade shall cause the ship to 
be detained or released accordingly,” but if not an 
appeal may be made to the ‘ Court of Survey.” 

t is true the course here indicated would facilitate 
business ; but if the intention of the framers of the 
Bill had been to devise special means by which to 
facilitate the growth of unfair and demoralising in- 
fluences, we cannot conceive a better way of doing 
it than is afforded by this provision. The assessor 
is to be the special nominee of the owner, chosen 
from a list elected purposely by shipowners to up- 
hold their own interests, and a person appearing re- 
sponsible and yet perfectly irresponsible. If he can 
induce the surveyor to agree with him their decision 
will be final. If he cannot induce him to agree the 
matter goes before the court, in which the assessor 
is frequently sitting in judgment on the conduct and 
decisions of the surveyor! 

The clause of the Bill relating to grain ‘‘ car- 
goes” does little more than the principle 
that cargoes which behave when left free in the 
ship like semi-fluids, must be ‘* secured from shift- 
ing.” And any merchant captain whe allows such 
cargo to be shipped for carriage contrary to the 

rovisions of this section, is to be made liable to a 
eavy money penalty. 

No one who remembers the panic among under- 
writers two or three years ago concerning grain- 
laden ships can doubt the necessity for some pro- 
vision of this kind. In judging of the clause in 
question it must be remembered that the chief diffi- 
culty arises from the fact that the vessels are loaded 
in foreign ports, where it is next to impossible 
to exercise a strict and adequate system of super- 
vision over them. There are two courses open. 
One is to frame the Act so that regulations can be 
issued by the Board of Trade within the powers 
granted by the Act, and either appoint surveyors 
to see them carried out at the ports of loading, 
or to examine the vessels on their arrival in this 
country to see that they were carried out there. 
The other course is to enact that the cargoes must 
be ‘* secured from shifting,” and to consider that if 
the cargo has shifted, this in itself is sufficient proof 
it was not properly secured, and to prosecute the 
master accordingly. The clause in the Bill partakes 
of the character of the latter course; we are not 
sure that it goes so far as to insure that a convic- 
tion would be obtained on the simple evidence that 
the cargo had shifted. Even if it does go so far, 
the method adopted is contrary to the maxim that 
‘‘ prevention is better than cure ;” and if the vessel 
gets lost on the voyage home, with all hands, as far 
too many grain-laden ships have been, the Bill, as 
it stands, will have been powerless to prevent the 
evil, and powerless to inflict punishment after the 
event, The regulations enforced in the North 
American ports, and those laid down by many 
insurance offices and clubs, are far more definite 
and effectual than than these of the Government, 
and we think amendments in the Bill should be 
made in the same direction. 

The clause relating to deck cargoes is almost 
generally admitted to be insufficient. If the deck 
of a vessel be lumbered up with cargo so as to 
interfere with the working of the ship and thus en- 
danger her safety, it is not sufficient punishment 
to merely inflict a trifling addition to the dock 
dues. Moreover, it is not the description of cargo, so 
much as the quantity and the space occupied, which 
creates the danger. Goods that are exempted in 
the Bill from increased measurement might be quite 
sufficient to impede the betas ge. he the ship at sea. 
The wording of the paragraph which states how the 
cargoes on deck are to be measured for tonnage is 
remarkable. It runs thus: “If the goods are not 
carried in a covered-in space [the measurement] to 
be the space limited by the area occupied by the 
goods and by straight lines inclosing a rectangular 
space sufficient to include the goods.” 

How an irregular area, and straight lines, can 
inclose a rectangular space, we must confess we are 
ata loss to conceive. 

On the question of the survey of ships the Govern- 


ment Bill is utterly at fault. We have discussed 
this branch of the subject so fully in former articles 
that nothing further need be added to it. 

It now rests with the members of the House of 
Commons to determine whether they will support 
legislation conceived in ignorance of the distinctive 
features, tendencies, and aims of our commercial 
navy; framed out of harmony with its best tradi- 
tions, and calculated to exasperate the country and 
weaken our ¢ and enterprising mercantile 
community ; whether in fact they will consent to 
set up a vast organisation of surveyors, assessors, 
judges, and law courts to do work which can 
easily be done, and done better, by machinery 
already in existence, and thus saddle the country 
with this additional burden and expense without 
any prospect that such a step will put an end to 
agitation, or lead to a settlement of the question ; 
or whether, on the other hand, the will, as we 
trust they will, insist that the subject of our 
merchant shipping shall be approached with that 
breadth of view and true statesmanship which 
the magnitude and importance of the subject de- 
mands. 

One danger of the present situation lies in the 
fact that the rg oy gegen recognising 
the weakness of the Bill in essential particulars, 
will offer their support to the Government in ex- 
change for a few more concessions in the same 
direction, No policy could be more shortsighted, 
even from a shipowner’s point of view. The true 
interests of the shipping community lie not in 
the direction of increased Government interference, 
increased penalties, and increased litigation, but in 
the direction of self-government, combined with 
jadicious restrictions suitable to all, and freedom 
from the fear of being harassed by Government 
officials placed outside of the mercantile world, and 
out of sympathy with its ever-changing aims and 
necessities, 

Until this truth becomes recognised, our shipping 
laws will continue to go from bad to worse; they 
will remain a constant source of agitation in the 
country, of embarrassment to the Government, and 
of danger to the shipping community, and this 
simply because no minister has been made respon- 
sible for this department of Government who com- 
bines the ability with the strength of purpose 
necessary to examine the subject thoroughly for 
himself, and to shake himself free from the erroneous 
doctrines and misleading traditions diligently in- 
stilled into his ear by permanent officials. 

Parliament has already on more than one occasion 
shown itself alive to the mischief thus worked, and 
we trust that in the present session it will either 
modify the Government Bill so materially in Com- 
mittee as to make it a satisfactory measure, or refer 
it to a Select Committee, or adopt some other means 
to prevent the serious evils which would arise if it 
were to become law in its present form, 





LONDON WATER SUPPLY. 

In our last issue we drew attention to the various 
questions of seas that should occupy the at- 
tention of Parliament during the present session, 
drawing especial notice to sani matters, includ- 
ing gas and water supply. It has been already 
stated in our columns that the Metropolitan Board 
of Works have introduced a Bill which to a ve 
extent in to the water supply resembles the 
Gas Regulation Bill of last and the present sessions. 
It appears that so far as the latter is concerned there 
is some reasonable hope that the gas companies and 
the Metropolitan Board may arrive at a satisfactory 
solution of the difficulty, chiefly through a moderate 
concession on each side; and thus we trust that the 
gas question may, for all practical purposes, cease 
to be a cause of irritation between those who supply 
and those who consume. 

At the recent meeting of the Metropolitan Board 
of Works the Parliamentary Committee presented 
a report referring to a resolution of the whole Board 
of last October, instructing the Committee to pre- 
pare a Bill for the purpose of altering the terms on 
which water is — to the metropolis, to give 
the consumer a right of using meter so as to ascer- 
tain the actual supply, and to otherwise amend the 
present arrangements for the benefit of the con- 
sumer. ‘The Committee was at the same time 
authorised to confer with the City Corporation, and 
also with the various metropolitan water companies 
to ascertain how far an amicable arrangement could 
be arrived at. Eventually the water companies 





were invited to a conference to consider the ques- 
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tion as affecting all parties. But this invitation was 
declined on their part on the ground that the latter 
were at present acting entirely within their legal 
powers as conferred by Acts of Parliament, and 
that consequently they could —— no reason 

hy their comfortable position should be disturbed, 
adding that until they knew what the Board and the 
Corporation proposed, any conference would be 
useless. Thus quietly put aside, the Committee of 
the Metropolitan thought it advisable that 
they should reconsider the plan of action, and at 
last they arrived at the conclusion that the London 
water supply should be in the hands of the muni- 
cipal authorities, They especially rely on a report 
made in 1869 by the Royal Commission on water 
supply, whose chairman was the Duke of Richmond, 
the present Lord President of the Council, to the 
effect that the constant service could not be adopted 
in London, so long as the supply remained in the 
hands of private companies, and that the future 
control of the suppl should be placed in the hands 
of one responsible . They quote in detail the 
report of this Royal Commission dated in June, 
1869, to the effect above mentioned, 

A lengthened discussion arose at the meeting of 
the Metropolitan Board last Friday on the subject. 
Mr. Roche proposed the adoption of the report of 
the Parliamentary Committee, and urged that power 
should be given to them to confer with the Govern- 
ment on the subject, especially as the Duke of Rich- 
mond had pled himself in 1869 to the course 
which he ho the Board would sanction. After 
much discussion, in which various difficulties and ad- 
vantages were pointed out, the report was agreed to 
almost unanimously. 

It thus appears that so faras London is concerned 
we may expect little if any alteration in the supply, 
except so faras the companies find it to their interest 
to take steps that will improve their own position. 
Fortunately the north of London is pretty well off 
in quality and quantity, and the New River and East 
London Companies are pushing on the constant 
ree oe system. - — Hong are 
not so fortunate, especially as the supply is el 
drawn from the Thames, and is subject to wwtees 
contamination, The question of price, however, 
might easily be taken up during this session, and 
some fair and equitable basis chosen instead of the 
— capricious method of charging according to 

ouse valuation, Cheap and good water is as essential 
as pure air, and without it we can hope for little per- 
manent improvements in our metropolitan sanitary 
arrangements. 





THE BRITISH IRON TRADE ASSOCIA. 
TION. 

In our notice of the British Iron Trade Associa- 
tion last week, we explained the constitution of that 
Society, stated its objects, and reported the proceed- 
ings of the first day's conference. We have now to 
record what took place on the second sitting on this 
day week., The chair was again occupied by the 
President, Mr. G. T, Clark, who opened the pro- 
ceedings by asking the meeting to confirm the addi- 
tion of eleven members to the of Management, 
which now includes Lord F. Cavendish, Sir John 
Alleyne, Dr. Siemens, and others. ‘That step having 
been confirmed, the next business was to settle the 
terms of contribution. This matter had been pre- 
viously been fully discussed by the Board, and the 
conclusion at which they had arrived was that the 
following should form the basis of the tariff of con- 
tributions, viz. : 

Each ordi addli 
Rear oennenre is: 
Each pomey puddling furnace according to 


nm ry eee eee eee eee 
Each blast furnace producing less than 300 


Units. 
oe 1 


Each t furnace producing above 300 tons 
per week... = eve ee a ee 10 
Each Bessemer pit he pa 30 
Each Siemens- in furnace ... ners oo, 
Proprietors of works where iron and steel are 
consumed — contributions to be by the 
number of hands employed, each 100 hands 
Others not included in above .. om ae 
mines 


It is that contributions for the first year 


shall be at the rate of 2s, for each unit according to 
the above scale ; no contribution however is to be less 
than 2/. nor more than 100/. By the above arrange- 
ment it will be seen that each member will pay 
to the extent of the works owned or re- 
By one of the bye-laws all 


presented 


presented by him. 


persons, firms, or companies signifying their inten- 
tion to become members on or before the 31st of 
March next will constitute original members of the 
Association. After that date all members will be 
subject to election. 

he question of finances having been satisfac- 
torily arranged, Mr. J. T. Smith, of Barrow, opened 
the subject standing in his name, which was ‘‘ The 
Effect of Legislation of the past few Years upon 
the Iron Manufacturing Interests.” The Acts re- 
ferred to by Mr. Smith were the Mines Regulation 
Act, the Factory Act, and the Rating Act, and his 
contention was that the restrictions imposed by 
those Acts were in some respects unnecessary, and 
the taxes too heavy. He observed that the taxes 
on coal, although nominally 10d. per ton, were 
really 1s. 6d., and that, with other taxes, meant 
about 10s. per ton of iron extra cost to the iron- 
master. That was more than ought fairly to be 
added to the direct cost of production. The taxin 
of mines too was of no benefit to the owners, an 
mine-rating was often unfairly adjusted. Mr. 
Bleckley concurred with Mr. Smith as to the unfair- 
ness of the rating, but Mr. I. L, Bell, M.P., pointed 
out its equity, and that the mine was not unfre- 
quently the origin of a village, the inhabitants of 
which were unable to pay taxes for the sanitary and 
other requirements; hence it became the duty of 
mine owners to pay taxes in the interests of those 
whom they had brought there, who worked their 
property, and without whom it would lie valueless. 

. Robert Heath, M.P., pointed out that mineral 
and metalliferous mines were unequally rated, and 
that the matter required adjustment, A lengthy 
discussion was concluded by Mr. Smith proposing 
a resolution requesting the Board of Management to 
watch the question of legislation in this direction 
and to take such steps as may be necessary to pro- 
mote the interests of the iron trade. Mr. Heath 
proposed that a Committee of the Board be ap- 
pointed for that purpose, both resolutions being 
carried. 

The next question for discussion was opened by 
Mr. John Jones, the secretary, who argued the great 
desirability of taking steps for securing that the 
mineral and goods and “the passenger traffic upon 
heavy lines of railway be‘conducted independently. 
The arguments adduced were based upon the acci- 
dents constantly arising from the mixture of traffic 
and the delays incidental to goods and mineral 
trains having to dodge the passenger trains. There 
were two very marked sides to this discussion, the 
railway interest and the manufacturing interest. 
The manufacturing) interest asked for the duplica- 
tion of lines of railway, which rm the railway in- 
terest observed might be attended with extra cost 
for the transport of goods and minerals, if even it 
were possible, which, in many instances, it was not. 
Some lines in the North, as well as lines from 
London leading north, were being widenedjwhere 
practicable in order that the general traffic might be 
carried on under fewer difficulties, which in effect 
would meet the requirements of Mr. Jones and 
others wishing for greater facilities for the transport 
of metals and minerals. In the result it was not con- 
sidered expedient to take any action in the matter 
at ag and no motion was proposed. 

r. Bleckley then opened the question of the 
Factory Acts in their relation to the iron trade, 
pointing out that it was desirable that children 
should be allowed to work in rolling mills at the 
age of twelve instead of thirteen as at present, pro- 
vided they had an educational certificate and worked 
half time. Mr. Whitwell considered the age of 
thirteen was quite young enough for children to go 
to work in iron works and opposed the motion, the 
subject, however, being referred to the Board for 
consideration. 

That matter having been disposed of, and the 
time for adjournment drawing near, two motions 
were put by the President and agreed to without 
discussion. The first was that the Board be 
authorised to watch various home parliamentary 
matters effecting the iron and steel industries, 
while the second had reference to the expediency of 
making arrangements for obtaining a report upon 
the iron and steel exhibits at the forthcoming 
International Exhibition in Philadelphia. This 
done, a very warm vote of thanks was accorded 
to the President, who in replying took occasion 
to advert to the important services rendered by 
Mr. Jones, the secretary, in the formation of the 
Association. And thus closed most successfully 
the first conference of the British Iron Trade 





Association, an institution which promises to 





exert as t an influence upon the commercial 
interests of the industries it represents as its 
parent, the Iron and Steel Institute, does upon 
the technical matters which pertain to it. 





THE CENTENNIAL INTERNATIONAL 
EXHIBITION OF 1876.—No. XIIL 
By J. M. Witson, Philadelphia. 

THE MACHINERY HALL;* 

THE special building devoted to the Machinery De- 
partment of the Exhibition is located 542 ft. west 
of the Main Exhibition ems with its north facg 
in the same line with that of this building, and it 
covers an area of 360 ft. by 1402 ft., having pro- 
jections beyond these dimensions for doors and 
portals on the east, north, and west sides, also an 
annexe on the south side of 208 ft. by 210 ft., con- 
nected with the Main Hall by a passage way 90 ft. 
in width, 

These measurements are all given to centre lines 
of outside columns. It will be noticed from the 
above dimensions that there is presented, therefore, 
on the north side in connexion with the Main Exhibi- 
tion Building, upon the principal avenue within the 
grounds, an entire frontage from east to west of 
3824 ft. 

The boiler-houses are located as distinct buildings 
on the south side of the Main Hall, east and west 
of the southernannexe. Theseare, on the east side, 
the British boiler-house, designated also as No. 1, 
and the Corliss boiler-house as No, 2; and on the 
west side, machine-shop and boiler-house No. 3, in 
one building, and boiler-house No. 4. There will 
also be erected a small oil house about 16 ft. square. 
These various boiler-houses will be described sepa- 
— after consideration of the Main Machinery 

all. 

The width of the Machinery Hall was limited by 
the maximum distance that it was thought advisable 
to convey steam from the various boiler-houses. 
In arranging the cross sections of the building, a 
certain amount of low roof was desired with 
stiffened tie beams for the purpose of hanging shaft- 
ing, while the balance could be made higher, so as 
to improve the effect and afford facilities for light 
and ventilation. It was, therefore, designed in five 
spans, the centre and two outer spans being 60 ft., 
with a height from flopr to tie-beam in clear of 
20 ft., and to ridge of 33 ft., and the two interme- 
diate spans 90 ft., with a height to square of 40 ft., 
and to ridge of 58 ft. 78 in. These avenues extend 
the whole length of the building, and the exterior 
finish at the east and west ends is designed to 
harmonise with their cross section, low towers or 
belfries, having a height to apex of roof of 81 ft., 
being placed at the ends of the 90 ft. spans. The 
southern annexe consists of three spans, a centre 
span of 90 ft., and two side spans of 60 ft., the 
heights and outlines corresponding with those of 
the same dimensions in the main part of the building. 
The centre span of 90 ft. continues on across the 
main portion of the building, intersecting with the 
longitudinalavenues of 90 ft., and forming a transept, 
at the northern end of which, the face of the build- 
ing is finished with a tower and wings similar to 
those at the east and west ends. 

The building furnishes three principal entrances, 
those on the east, west, and north. The projec- 
tions at these entrances on the lower or main floor, 
provide offices, retiring rooms, and restaurants, and 
on the upper floors offices and galleries, from which 
visitors can view the animated scene below, The 
governing dimension or unit of span in the direction 
of the length of the building is 16 ft. 

The entire floor area covered by the Main Ma- 
chinery Hall and annexe is 588,440 square feet or 
12.82 acres, and the gallery and office floors in the 
uppes stories increase this total to 14 acres, The 
annexe, which is designed especially for the exhi- 
bition of hydraulic machinery in motion, contains in 
its central portion an open tank, the top of which is 
level with the floor, covering an area of 60 ft. by 
156 ft., and having a depth of 10 ft. This tank 
will be filled with water, and at the south end will 
be a waterfall 35 ft. high and 40 ft. wide, supplied 
from the tank by the pumps on exhibition. There is 
also a pit at the south end for trial of turbine wheels. 

The floor of the Machinery Hall has a fall of 2 ft. 
in grade from the west to the east end, so as to con- 
form partially to the grade of the ground and assist 
the drainage. 





* For illustrations of the Machinery Hall, see the two- 





blished in our issue of 27th August last, 
yon pages 91 and 177 of our last volume. 
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The foundations of the building are of good 
rubble masonry laid to the depth of at least 4 ft. 
below the surface of the ground. All the exterior 
walls are of masonry extending to a height of 5 ft. 
above the floor. The foundation is covered with a 
base course of granite 8 in. deep projecting 3 in. 
beyond face line of building, and returning at 
door openings through the entire thickness of the 
walls. Above this, the walls are of Trenton 
brown stone laid 20 in, in thickness, in broken 
range work and pointed with dark mortar. All 
doors are provided with heavy stone sills, level with 
top of flooring, and extending through the whole. 
thickness of walls. Theinterior columns have foun- 
dation piers 3 ft.6 in. square with footing courses 
increased up to 4 ft. 6 in. square, The corner 
columns at the intersections of the transepts with 
the 90 ft. longitudinal aisles are 5 ft. square with 
the same projection of footing courses. Each foun- 
dation pier is finished off with a granite capstone 
8in, thick and 2 ft. 6 in. square, except for the 
large foundations at transept, where they are 3 ft. 
6 in. square A hole 1} in. in diameter and 3 in. in 
depth is drilled into the centre of each capstone 
for dowel pin for column. The tank in annexe is 
built with stone side walls 4 ft. thick at base, dimi- 
nishing to 2 ft. at top, extending to the depth of 1 ft. 
below the bottom of excavation for tank, and lined 
inside} with 9 in. of brickwork laid in cement, 
The bottom of tank is filled in with cement con- 
crete for a depth of 1 ft. 

The framework of the building, unlike that of the 
Main Exhibition Building, is constructed entirely 
in solid timber, excepting only certain members of 
the roof trusses, more particularly the tension 
members, which are of wrought iron. 

All columns, caps, sills, principal rafters, cornices, 
sashes, scrollwork, ties, braces, &c., are of white pine. 
The purlins, framing of louvre ventilators, and roof 
sheathing are of spruce. The main flooring is of 
yellow pine, 1} in. thick, not exceeding 8 in. in 
width, dressed on the upper side, and laid closely on 
sills in the same manner as in the Main Building. 
The upper floors are laid with 1}in. yellow pine, 
not over 6in. in width, tongued, grooved, and 
dressed on both sides, and supported by 3 in. by 
12 in. floor joist placed 16 in. tocentres. Five stair- 
ways are introduced, leading to the upper floors at 
the ends of the building, and on the north side, and 
the main entrances, stairways, and retiring rooms are 
ceiled with } in. ceiling boards of uniform width. 

The outer masonry walls are covered on top by a 
timber sill 7 in. by 16 in. section, securely,held to 
the masonry by anchor bolts, and into it are mértised 
the main posts of 10 in. by 10 in. section, with 
intermediate posts of 5 in. by 10in. The horizontal 
cap plates on top of posts are 10 in. by 10 in. section. 
The system of forming the interior columns consists 
in having asolid square timber of 10 in. by 10 in. 
section, in the centre, surrounded by four pieces 
4in. by 8 in. section, on each face, the whole well 
bolted together and acting as one column. Where 
the low roof joins to the column, three of these side 
pieces stop, the fourth oaly on the inside face next to 
the 90 ft. spans being continued up to the top of the 
column, At the level of the low roof, stiffening 
trusses are framed in from column to column, and 
above these, up to the roof of the 90 ft. span, inter- 
mediate framing is introduced, the same as in the 
outer walls, This intermediate framing is in all 
cases filled in with glass sashes, a lower part fixed 
and an upper part movable for ventilation, being 
hung on centre pivots at the sides, and movable by 
means of cords operated from the floor below. 
The roofs are framed with a slope of 224 deg., 
those of 60 ft. span having 8 in, by 12 in. principals, 
8 in. by 10 in, timber ties, vertical tie-rods of 
wrought iron, and inclined timber braces. The 
spans of 90 ft. have 10 in. by 12 in. timber principal 
rafters, the balance of trussing being of wrought 
Iron, constructed on the French triangular system. 
Cast-iron head, heel, and angle blocks are used, and 
cast-iron stiffening braces or brackets are introduced 
to connect the upright columns to the roof trusses, 
and to the longitudinal stiffening trusses for the 
purpose of uniting the whole firmly together, and 
eg oe. against the action of the wind. roofs 

ave louvre ventilators in continuous le , those 
on the small roofs being 18 ft. wide, and on the 
large 24ft., being provided with sashes on the sides, 
swinging on centres, and operated from the floor 
below by cords. The system of ventilation is ex- 
ceedingly perfect, as was exemplified last summer 
in the portion of the building then erected, all who 
visited it during the hottest days of the season 


all | of surface. 





noticing the pleasant temperature within the build- 
ing. Roof purlins, 3 in. by 10 in. section, are placed 
3 ft. apart, and bolted to the principal rafters. The 
timbers of the 60 ft. span roofs are dressed suffi- 
ciently smooth for painting. The roofs are calcu- 
lated for a load of 35 Ib. per horizontal square foot 
The entrance and exit doors, of which 
there are a large number on the sides and at the 
ends of the structure, are double, sliding sideways, 
being hung by sheaves on a sliding rail at top, 
and furnish a clear opening of 11 ft. 2 in. 

Partitions in projections at main entrances and 
around apartments for retiring rooms, extend to the 
full height of the story. Other partitions are ‘10 ft. 
high on the first floor and 8 ft. on other floors. All 
the iron used in the building is specified of the best 
quality, that in tension members to be double 
rolled and to have an ultimate strength of 55,000 Ib. 
per square inch, Ornamental wrought-iron gates 
are provided at the east, west, and north entrances. 

The entire roof of the building and of louvre 
ventilators is covered with first quality I. C. roofing 
sey on the under side with one coat of 
metallic’ paint, and on the top with two coats of 
approved colour. All necessary gutters are provided 
and properly connected with tin conductors 4 in. 
square, with a terra-cotta pipe system of drainage 
discharging the water to the main sewers. 

Gas is supplied for police purposes only. The 
pipes are arranged in seven longitudinal lines in 
the main building, and in four lines in the 
annexe, A 4-in. main is laid through the centre 
lengthwise, from which pipes are taken at regular 
intervals across the building, and from these, vertical 
Pipes up at the columns are extended by branches 
aid horizontally at the level of the tie beams of the 
low roofs, to form the seven longitudinal lines in 
the main portion of the building, and the four lines 
in the annexe. Burners are placed in these pipes 
about 2 ft. apart, there being a stop to each main 
branch, and in addition all necessary lights are pro- 
vided in offices, restaurants, at entrances, &c,, by 
special service pipe, the total numberof lights sup- 
plied being 5000. 

The number of feet of gas pipe used is as follows: 


1260 feet lineal 4 in. pipe 
730 yy 24 ys 

2270 _~—sé=é*, 2 ys 
985 ,, lt, 

8700, 1¢ 
350 ” 1 ” 
70 oo 
ae 


Bi ee 
36 2-in. gas stop cocks. 

The gas is passed into the building through two 
meters. 

The water service system consists of three main 
lines withjthe necessary branches of cast-iron bell and 
socket pipes, 8 in., 6in., and 4in. internal diameter, 
provided with all necessary curves, bends, branches, 
tees, hydrant bends, hydrants, stop valves, &c. The 
pipes are in 12 ft, lengths tested to 300 lb. per square 
inch inside pressure, the 4in, weighing-216 lb. per 
12 ft. length, the 6 in. 3601b., and the 8 in. 500 Ib. 
The amount of cast-iron pipe used is as follows : 


1691 feet lineal +. 8 inch pipe 

5424 ” ” oge 6 ” ” 

2772 ” ” de ” ” 
90 ” ” oa ” ” special castings 
20 ” %? 8 ” 


624 ,, ”? - 10 |, “ cast injection pipe 

The latter item is a special pipe running from the 
bottom of the lake north of the Machinery Hall, to 
supply the boilers for the 1402 horse power Corliss 
engine that occupies the centre of the building. 

The fire plugs are of the Philadelphia fire gauge 
size. Those exterior to the building, 34 in number, 
are the regular street fire plugs with casing, and 
those interior to the building, 48 in number, are 
flush with the surface of the floor and provided with 
a cast cover, the nozzle of the plug coming directly 
under the floor. 

Water-closets are introduced at six places, and a 
variety of kinds are used for the purpose of testing 
their relative efficiency, as is done in the Main Ex- 
hibition Building, there being 87 water-closetsin all ; 
four sets of Jennings, six compartment urinals, 
and two sets of Bedfordshire urinals, six in each set. 

The building is painted on the exterior with three 
coats of white lead in oil, of a pearl tint, relieved by 
different shades, and by dark maroon colour on the 
chamfers. The interior is very plainly painted, as 
would become a building devoted to the 
for which this is, the sides and columns 


shades of umber and white lead, and the roof kalso- 
mined in two coats of light pearl colour, the iron 





‘of light | onne 





work, rods, struts, &c., being painted dark blue. 
The effect, although not by any means elaborate, is 
remarkably good and has been much admired. In re- 
ference to the s alloted to the various foreign 
departments, the only countries exhibiting in the 
Machinery Hall so far, are as follows, the net areas, 
exclusive of main passages, being given for each : 


a. ft. 
Great Britain ‘ 937 
Canada his x 4,200 
France and Colonies... 10,552 

ium ny * 9,375 
Denmark 660 
Sweden pe 8,250 
German Empire... 10,127 
Austria and Hungary 1,750 
Russia ... 1,562 


In addition to this Great Britain has 1800 square 
feet and the German Empire 900 square feet in the 
annexe for hydraulic machinery. 


DAVIES’ STEAM BOILER. 

As a supplement to the account which we lately 
gave (vide 5, 21, 56, and 84 of the present 
volume) of the very complete series of trials of 
externally and internally boilers carried out 
under the auspices of the Société Industrielle de Mul- 
house, we propose in the present article to describe 
some experiments lately made at the Crumlin Viaduct 
Works, near Newport, Monmouthshire, with a new 
type of boiler, which has been designed and patented 
by Mr. D. Davies, of those works, The construc- 
tion of Mr. Davies’ boiler will be seen from our 
illustrations on page 176, which represent a boiler 
similar to that on which the experiments were made, 
with the exception that it exposes a larger extent of 
heating surface, as we shall explain presently. 

From the views given it will be seen that the 
boiler is made up of a number of sections, each of 
these sections being a ‘‘slab” having sides formed 
of two flat plates stayed together like the sides of a 
locomotive firebox. The manner in which the 
‘+ slabs” are closed at the edges will be at once seen 
from the engravings. In the boiler we illustrate 
there are altogether ten sections, seven of these 
being disposed transversely, and the three others 
longitudinally, these latter forming the sides of the 
firebox and a midfeather, as shown in Fig. 2, page 176. 
The transverse sections are all of the same form, but 
three of them are raised so that their bottom edges 
are about Yin. above the level of the bottom of the 
four other transverse sections. The brickwork 
setting which closes in the top of the boiler, follows 
towards the sides the contour of the raised sections, 
and there are thus left between it and what we may 
term the ‘‘shoulders” of the sectionsnotraised, a series 
of openings through which the hot gases can pass. 
It will thus be seen that the products of combustion 
can—as shown by the arrows in Fig. 1—pass over 
the ‘‘ shoulders” of the lower sections and under the 
bottom edges of the raised sections, the effect being 
that the current of gases is brought ies effectively 
in contact with the heating surface. he sides of 
the boiler are closed in by brick-setting between the 
sections, as shown, while the bottoms of the flues 
between the sections are formed by cast-iron plates. 
The longitudinally-placed sections, it will be noticed, 
do not touch the transverse sections between which 
they are situated, and thus the hot gases have access 
to the external sides of the two longitudinal sections 
forming the sides of the firebox. Altogether the 
boiler illustrated exposes 746 square feet of heating 
surface, of which 150 square feet is firebox surface 
exposed to direct radiation from the fire. The grate 
surface is 27 square feet, and the ratio of grate to 
heating surface is thus 1 to 27.6. 

At their upper ends all the sections are connected 
by suitable pipes with one or the other of two longi- 
tudinal steam drums or collecting pipes, these pipes, 
which carrry the safety valves, connected at 
one end by a breeches pipe provided with a steam 
stop valve, The feed is supplied to alarge cast-iron 
pipe led along one side of the boiler, this pipe being 
connected with each section near the bottom, as 
shown. The manner in which the sections are sup- 
ported on cast-iron standards will be readily under- 
stood from our engravings, and it will be seen that 
all the sections are provided with readily accessible 
mud-doors, through which they can be cleaned out.: 
The blow-off cock is connected to a pipe which 
transversely under the firebox, and which is 
conn as shown in our engra’ with thethree 
longitudinally-placed sections, and with the main 
feed. pipe. e transverse sections are placed one 
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DAVIES’ 


SECTIONAL STEAM BOILER. 


CONSTRUCTED AT THE CRUMLIN VIADUCT WORKS, NEAR NEWPORT, MONMOUTHSHIRE. 
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foot apart, and there is thus room for their inspection 
externally, 

We have now to speak of the evaporative per- 
formance of a boiler similar to that which we have 
been describing. When, a few months ago, Mr, 
Davies first brought his plans under our notice, we 
suggested the advisability of carrying out some 
thoro trials with the boiler, and Mr. Davies at 
once fell in with our suggestions, and organised the 
experiments of which we have to speab. ‘The boiler 
with which the trials were made differed from that 
illustrated only in its having one less section placed 
transversely, the hot gases being led away to the 
chimney after passing over the ‘‘ shoulders” of the 
sixth section from the firebox. The outside 
the inclined longitudinal sections which form the 
sides of the firebox were also filled up solid with 
brickwork up to the level of the “‘ shoulders” of the 
first transverse section, the effect of this filling and 
of the less number of sections being to reduce the 
heating surface of the boiler to 630 square feet. The 
eS oe the boiler we illustrate, 

7 square feet, and the ratio of grate to heating sur- 
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face was thus 1 to 23.3. The experiments carried out 
were five in number, and each lasted for ten hours 
continuously. Beforethe commencement of each trial, 
steam was got 7 to the desired pressure, and the grate 
was then completely cleared, and the trial started b 
making up a new fire with the aid of 14 1b. of wood, 
and a portion of the weighed coal. A careful 
account was then kept of coal used during the 
ten hours, and at the end of the run the grates were 
again cleared, the ashpit raked out, and the | partially 
burnt fuel, &c,, thus obtained divided into large 
cinders, small cinders and siftings, clinkers, and dirt 
from ashpit, each of these a being duly 
weighed. The estimation of quantity of Fuel on 
the grate—that frequent source of error in boiler 
trials—was thus avoided. 

The adopted for measuring the water 
used during the first day's trial is shown by the 
diagram annexed, From this sketch it will be seen 
that the cold feed water was supplied by a pipe to 
the m ing box A, which was found to be capable 
of holding 576 lb. of water. From this box the 
water was run down as required into the heater 





below, where it was heated by exhaust steam, and 
whence it was drawn off by the feed pump. The 
only defect with this arrangement was that as the 





supply of water to the feed-heater had to be stopped 
while the box A was being filled, the temperature 
at such times rose above the average, reaching 
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TABLE GIVING RESULTS OF EXPERIMENTS WITH DAVIES’ PATENT BOILER AT THE CRUMLIN VIADUCT WORKS, 
DURATION OF EACH TRIAL, TEN Hours. COAL USED, BEST WELSH. 






















































































a | Coat. Wartr. 
~ 
7 |a Cinders, &., raked off 3 & b , | 28 Bee . per | Evaporation per 
= 13 | Grateand weighed at End | ae | 83 35 213. & & |gee Hraporation per | "Pound of Net | Sauare Foot of 
ei les 3 *s & iPeE ‘| Combustible, | Heating 
<2 e of Trial. e. |fe | #2 a Bed es. m : pow bon 
es 5 S.4 ms QQ. o¢ et o> x g 3 2 
4 | %e 33 ‘ A *# a: | 88 2? EE ee 53 eo: Age Fi F ii 
. 5 3° : a) 
Sense] ae) (al | ge leg leh ea (rpesg| dr Papel Ry al oe 
¥ i Z & joe ¢ | EE pealatelan. leses| das FE BL fay 
gifei#e| S PS El e|_| os |zee| Fee |geg C8] |g 2 ; feces] g [gee gz 
a| 42/45) & el 2 |/2/ sé | abn] bx| abe gelge|ei2| 93 HE 2 ede] 2 igicel a ete 
z 5-8 FE § a” k Pa Ze BS DB SOR ees sce & Fie 4 a an 4 S an 4 gre 
— . | Ih | ibe} me ib] me! bp. Ib. Ib. | Ib. |deg.|deg.| Ib. Ib. Ib. Ib. Ib. Ib. ib. | Ib. | Ib 
1 7 3696 2594 | 624) 1263 | ... 448 | 8178 | 18.48 | 0.576 | 30,117 38 160 | 3169 | 83,286 | 36,020 | 9.18 9.93 10.47 | 11.383 | 5.28 5.72 
2 50 | 3578 | 125 | 284) 118 | 19 /290}) 32884 | 18.25 | 0.568 | 30,969 | 50 160 | 3343 | $4,312 | 37,088 | 9.59 | 10.386 | 10.48) 11.28 | 5.45 5.89 
3 50 | 2660 | 97. | 23 | 143 | 17 |280/ 2380 9.85 | 0.422 | 24,412 | 48 |160 | 2585 | 26,997 | 29,181 | 10.15 |10.97 | 11.84 | 12.26 4.29 4.63 
4 50 | 3856 | 147 | 44 200 | 34 425 2931 | 11.82 | 0.588 | 29,375 | 48 |160 | 3286 | 32,661 | 35,385 | 9.73 | 10.564) 11.15 | 12.07 5.18 5.62 
5 50 | 8668 | 206} | 18 | 78} | 10 |313 | 3355 | 18.58 | 0.682 | 30,723 | 48 |160 | 3376 | 34,099 | 36,857 | 9.29 | 10.05 | 10.16 |10.08 | 5.41 5.85 
170 deg. and 175 deg., the average temperature as | per pound of fuel—with one exception—vary, as | cylinders, but kinematically it certainly posuenane consider. 
anes by the mean of a number of observations | will be seen, inthereverse order of the rates of evapo- = hey tps Mc pry tew pe yt = . re tn Hoot 
being 160 deg. To avoid this irregularity, Mr. | ration per square foot of heating surface, the one | «hicher pairing’ n the pistons and thedise in Mr 
Davies provided for the second and subsequent | exception to this rule being the last day’s experi- | West's is necessary. 
trials two measuring boxes, these boxes, which each | ment, which gave the lowest evaporation per pound | The required motion can be perfectly obtained by the use 


held 539 lb. of water; being arranged as shown at 
C and Din the subjoined sketch. By filling and 























emptying these boxes alternately a steady supply of 
water could be furnished to the feed-heater, and 
the temperature of the feed was kept almost exactly 
constant at 160 deg. At the end of the trial, when 
one of the measuring boxes was partially empty, the 
amount withdrawn from it was ascertained by filling 
it up and weighing the water supplied to fill it. 
The height of the water in the boiler was of course 
made the same at the end as at the beginning of 
a trial, 

The feed being heated by the direct contact of the 
exhaust steam, the quantity of water measured by the 
boxes has of course to be increased by the quantity 
due to the steam condensed in performing the heat- 
ing. Thetemperature of the water before entering the 
heater being observed the amount can be readily 
calculated. Thus, for instance, in the first day’s 
trial the quantity of water measured during the ten 
hours was 30,117 lb., and this quantity was raised in 
temperature from 52 deg. to 160 deg., or a rise of 
108 deg. There were thus imparted to it 30,117 x 
108=3,229,236 units of heat. Again, taking the total 
heat of the exhaust steam at 1179 deg. each pound 
of it in being condensed into water at a temperature 
of 160 deg. would give up 1179 —160=1019 units of 
heat, and hence to warm the water supplied through 


3,229,236 

Pans mai ncn . steam 
1019 3169 Ib. of 

must have been condensed. The total quantity of 

water supplied to the boiler was thus 30,117+3169 

= 33,286 lb. during the ten hours. The consumptions 

— other day’s trials have been similarly calcu- 


The results of the five days’ trials are given in the 
annexed Table, and from this it will be seen that the 
performances were exceedingly good. The coal 
used was best Welsh, and the percentage of dirt 
and clinkers was, as will be seen, very small, With 
the feed at he the actual rates of evaporation per 
hour per square foot of heating surface varied from 
4.29 Ib. to 5.45 1b., so that the boiler was tested under 
fair working conditions, The rates of evaporation 


the measuring box 


of fuel, although the quantity of water evaporated 
was slightly less than on the second day’s trial, 
The difference is but slight, however, and altogether 
the experiments not only show v satisfac- 
tory results as regards the performance of the boiler, 
but they are also remarkably consistent between 
themselves, and they thus afford evidence of the care 
with which they were carried out, The temperature 
of the escaping gases was, we may add, about 
400 deg. in all the trials. 

In conclusion, we may remark that the boiler on 
which the experiments were made, has now been in 
| use for the past thirteen months at the Crumlin 
Viaduct Works, where it replaced two Lancashire 
boilers, each 28 ft. long by 6ft. 6in. in diameter, with 
two 2 ft.6 in. flues. It hasdone its work well, and 
| has given no trouble. Altogether the system of 
| construction which Mr. Davies has adopted is 
very simple, and from the facilities which it affords 
for transport and from other advantages, it is we 
think likely to meet with favour. 








BROWN’S FOUR-CYLINDER ENGINE. 
To THE EDITOR OF ENGINEERING. 

Srr,—Will you allow me to make a few remarks as to 
the ‘four-cylinder’ disc ine which you illustrated in 
your paper of the 18th inst.? In the first place as to 
priority, it may be worth noting that its driving mechanism 
1s identical with an arrangement proposed long ago (in 1856 
I think) by Dr. C. W. Siemens for his regenerative engine. 
There is a small engine of this kind at the Patent Museum 
at Kensington. The driving gear of Mr. West’s engine, 
as regards the motions of its parts, is a modification of the 
same mec 
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of easily made cylindric forms only, as in the annexed 
sketch. Here I have replaced the disc by a cross, having 
four cylindric arms. The axes of the arms }, and by move 
always in the plane of the paper, the arms themselves 
turning through small angles about those axes. This the 
sleeves ¢, and ¢, allow for. The carry pins whose 
axes are normal to those of the arm, and these pins may be 
directly connected with rods forming part of the pistons 
¢,¢g. If the arrangement were carried out it might be 
advisable to continue the piston rods past the sleeves and 
guide them on the otherside. The guides might themselves 
take the form of duplicate cylinders, so that the engine 
would be ee Tn any case the dise 
cannot run away from the ares which appears to me a 
serious drawback common to the other twoforms, I think 
the sketch shows the — form in which the mechanism 
can I with i ing parts cylindric. 
will be noticed, however, that the arm not merely turns 
but twists in the sleeve. If it be wished to prevent this, 
still 2 forms only, the sleeves must be made 
to work een collars on the arms (so that they cannot 
slide) ; they can then be coupled by ordina 

rods to the pistons. In neither case are any pins requi 

to prevent the disc from turning. 

‘he relation of the whole meson to the old “ disc- 


Bishop. I must not trespass on your 
prove this we but any one on cailly 4 
of Reuleaux’s sy ot kinematic 
between the two arrangements sketched is that the one 
contains a member more than the other.t The addition of 
this member, or “‘link,”’ has been required in order to 


in its complete form, there were only 
four. The essential difference between Mr. West’s engi 

ssopestive Aeicing ashoniond Ta deh taiiodion neti 

ve driving mec ‘ormer 

man has reduced the number of members five to 
four by the omission of any one 

oman “s Sten quiche ye 
employ the er ve 
bandc. From a kinema’ Soeatie webs of 
) ary agg done ; having 


tively to the disc, this envelope being a cone. 
no other envelope-forms would have had the 
tive advantages as those Mr. West has used, 
of solution is quite general in its application. In 
I have sketched, for instance, where b is a 
if the sleeve ¢ be omitted, there must be given to t 
c a form which would be the envelope for the motion of the 
arm relatively to the piston. This would be 
channel, accurate construction of which would 
a special machine, but would still be perf: if 
any object were to be gained by its use. 

ike many other mechanisms, the one here admits 

of being made into a steam engine (or pump) a large 


* I adopt this expression from Reuleaux. He uses it 
express the working together of two pieces which do not 
enclose each other like a pin and eye. Spur teeth, for 
instance, or a cam and roller, are examples of higher pair- 


me The annular piston c' corresponds to c, a and b remain 
as before, the frame d carries the cylinders and carries 
the bearing for a in both cases, the sleeve e, however, 
not represented in the mechanism of the disc engine. 
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number of different ways, of which we shall probably see 


it, and, therefore, the axles of the rollers—these axles being 
ae tan i indles—will be | Kessler system w 


1. I stated that the introduction of the Faure and 
ould certainly have been, i i 


y ° Pr 
hers, now essrs ht the | al ht angles to their respective sp , in a pecuniary 
= — ecemmmeea "| pee ous parallel, as shown, and the skate will de-| sense, a great advantage to us, not “‘ that we should suffer 


idea up. 
= Yours truly, 
Avex. B. W. Kennepy. 


February 19, 1876. 


WEST’S FOUR-CYLINDER ENGINE. 
To rue Eprror or ENGINEERING. 





Si1r,—I read the article in ap ee ny Ba chine proves their success. 
engine, and your comparison of its construction in certain 


February 18th, upon Mr. C 


essential points with my six-cylinder engine. 

As you mention that Mr. Brown designed and con- 
structed the engine re illustrate in the year 1874, I feel 
called upon to state thatthe date of my patent is February, 
1874, and that in March of the same year I had a small 

ine under steam. 
coincidences you mention are inly remarkable, 

but I believe the above-mentioned dates will sufficiently 
establish the priority of my engine. 


Yours truly, 
Bb. K. Wssr. 
London, February 28, 1876. 


PLIMPTON’S ROLLER SKATES. 
To THe Eprror oF ENGINEERING. 

Sr1r,—I have lately read some articles, illustrated with 
sketches, on the roller skate, published in The Engineer, 
chiefly interesting to mefrom a mechanical point of view, and 
as marking one of the latest outcomes of that remarkable 
=~ invention possessed by Americans. I was not, 
, , & little surprised on reading the account of the 
Plimpton skate, of which I had no previous knowledge, to 
observe the confession of the writer that he could not 
understand its modus i, whereas it seems clear to 
me, even from the sketches given, clouded over with details 
though they are. 
Leaving these details out of the question it will be easy 
to make the principle of action clear, which seems the most 
natural and simple possible. 
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- 1 is a side view ; Fig. 2 an end elevation ; and Fig. 

of the Plimpton skate, from which all complica- 
have been withdrawn. A is the foot-board, a a’, bb! 
mark the centre lines of two spindles, supported by bear- 
ings at each end, these ai igidly to 
the foot-board. To each of the spindles (a a’, Bb’) the 
frame (not shown), which carries one of the pairs of rollers 
B/ ‘ is attached, so that this frame er with the 
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thrown out of 
produced would meet. 


His details are thoroughly 


T am, Sir, yours truly, 
JoszPx J. BUTCHER. 
2, Cotfield-terrace, Gateshead-on-Tyne. 
erring to our article on page 155 of our last number, 


sketches, we should have angle a=angle w y 2, Fig. 1; 
angle b=angle p Aa, Fig. 5; and angle c=} angle v, Fig. 3. 


Then, as we before stated, tan. c= “2+ sin. b. 


printed “‘ tan. a.””—Eb. E.] 


PISTON RODS FOR HORIZONTAL 
ENGINES. 
To Tae Eprror or ENGINEERING. 

P Str,—I aie —— for tn - 25th a 
escription of a or i e weig e pistons 
of heriasntal engines entirel ly upon the slide blocks at 
either end of the piston rod. 
This desideratum, the inventor and patentee, Mr W. A 
G. Schénheyder, proposes to effect by giving an upward 
camber to the piston rod equivalent in form and amount to 
that he FA cay: naturally omens sl =. = 
straight, and then supported in a horizontal position a 
ite ons alone. The artificial camber would neutralise the 
natural one; the result being that there would be no 
pressure upon the bottom of the eon’ from the piston, 
and the rod would work through the glands in a truly 
horizontal line. 
I take the liberty to send you a copy of a few remarks I 
made during the discussion upon Dae read by Mr. G. 8. 

Daglish of St. Helens, upon ‘“ Direct ae Win 
Engines’’ at the meeting of the Institution of Mechanica 
Engineers, held at Manchester in July of last year. 


Extract from the Proceedings of the Institution of 
Mechanical Engineers, Manchester Meeting. Part I. 
July, 1875. 
“Mr. Jeremiah Head, referring to the abandonment of 
the back piston rod in horizontal steam cylinders, men- 
tioned that he had some large engines at work with back 
ae rods, and thonght the plan was worse than useless. 
f the back slide was pe up sufficiently to carry any 
part of the weight of the piston, the rod was inevitably 
sprung upwards out of line, and the effect of the tail piston 
rod was to work an oval in the back yw, Pore , as 
was generally the case, on that account the back slide was 
omitted, the overhanging piston rod produced a similar 
result by the leverage of its weight. As a means of 
obviating the tendency of the cylinder to wear oval, one 
a that had oxsurvel to hita was to measure the exact 
eflection of the piston rod with the piston upon it before 
introducing it into the cylinder, and then, after carefully 
warming it, to give it by means of screws a set of an equal 
amount in an upward direction, so that it should become 
truly horizontal in working; if that could be done he 
thought it would make a ect job. Another plan he 
had thought of was to set the bottom of the cylinder and 
the slides of the front and back ages rods approximately 
parallel to the a Se the piston and piston 
would assume when versely supported on the slide 
blocks. It was obvious that the piston rod would thus be 
always working with its particles so strained as to 
the piston and relieve the bottom of the cylinder. In this 
way the oval wear of the cylinder and of the glands might 
"The printed ‘report of that eluding 

e@ prin repo: meeting, includi the 
remarks referred to, has been in the ranks of the members 
for some months. I feel sure, however, that Mr. Schén- 
heyder cannot have seen them, or he would have saved me 
from the disagreeable necessity of disputing his claim to 


priority of invention. 
I am, Sir, yours truly, 
JEREMIAH Heap. M. Inst. C.E. 

Newport Rolling Mills, Middlesbrough, Feb. 28, 1876. 
[We willingly print Mr. Head’s letter, but we must at 
the same time point out, first that Mr. Schénheyder’s 
patent was taken out prior to Mr. Head’s remarks bei 
made at Manchester, and second that Mr. Head’s pro 
plan differs from Mr. Schénheyder’s. Mr. Head’s proposal 
is to turn the — rod in the ordinary way and then to 
bend it ; Mr. Schénheyder, on the other hand, first gives 
it the desired curve before putting the rod in the lathe, then 
springs the rod into a straight line and finally finishes 
it by a speci arranged lathe. Mr. Head's on A of pro- 

ing has several times proposed, and it was 
discussed between Mr. Schénheyder and ourselves more 
than two years ago, at which time Mr. Schinheyder asked 
our opinion ing the advisability of patenting the 
plan he has now brought out. In usion, we may 
add that Mr. Schin’ in his patent i dis- 
claims the mode of ing piston rods which Mr. Head 
advocates.—Ep. E.] 


THE CONCENTRATION OF. SULPHURIC 
ACID. 








a 
aie v. Wallace, some misconstrnctiop has been, doubt- 


scribe a circle round the point at which the roller axles_ if | by it.” I fully explained 


Such seems to me to be the idea underlying all Mr. | same time sayi 
Plimpton’s modifications of his skate, so simple, so natural, 
80 irable as to argue for the inventor uine talent. t ral 

American, if anything erring on | (not = pans” as pegertes , which anticipated. all the 
the side of over refinement, but the popularity of the ma- | materially 


PL peo A the formula there state¢ to Mr. Butcher’s 


the reason of this, which must be 
obvious to all who are conversant with the details, at the 
that we could not recommend it. 

2. I stated that in 1862 our consulting engineer had 
tented a plan of working with ‘‘shallow boilers” 


practical points of the French patent : 
=~ shallow form of vessel. , 
arrangement upon an iron ring. 
The working with two or three vessels in series. 
The continuous inflow and outflow by tubes in the side 
of the vessel. 
The mode of cooling by running into a vessel contain- 
ing cool vitriol. 
The whole of our apparatus, boiler, dome, head, arm, 
and cooler being of platinum. We certainly did not patent, 


In our|as we could neither claim nor recommend, the leaden 


dome or cooler, adopted ten years later by Messrs. Faure 


cos. @ 
last week’s article “tan. c’’ is by a typographical error | 099 Kessler. 


3. In answer to a question, I further stated a fact known 
to all manufacturing chemists, that the process of concentra- 
tion in open pans was quite possible if properly worked, 
this without entering into the question of economy, con- 
venience, or safety. 

I said nothing from which it could be inferred that the 
leaden dome as erected at Mr. Wallace’s was either ap- 
proved of by me, or in my opinion practical or successful. 

Your obedient servant, 
Joun 8. SELLON, 
Of the firm 
JOHNSON, MATTHEY, AND Co. 
Hatton Garden, March 1, 1876. 


‘“‘ WEIGHING” A BEAM OF LIGHT. 
To THE EpITor oFf ENGINEERING. 
Srtr,—On reading your very interesting, and somewhat 
startling, article on ‘‘ Weighing a Beam of Light’ in your 
number for the 18th inst., it occurred to me that the action 
might be due to another cause than gravity (which one 
naturally, and I presume correctly, connects with weight). 
Ijhave waited for last week’s ENGINEERING (only just 
received) to see if the same idea had occurred to others, 
= able to contest the title of the weight of a beam of 
ight. ‘ 
Taking the experiment of the vertical spindle, with hori- 
zontal arms having pith discs, with their alternate halves 
blackened at their extremities, and which spindle the 
of light turns, would not this be due to the waves of light 
impinging on the discs with different results—on the black- 
ened disc with a ual effect due to the partial absorption 
of the light; and on the white disc, in proportion to its 
power of reflection, an almost instantaneous effect ; and so 
the unequal momen results produce motion ? 
Would it be a difficult experiment to see if a horizontal 
beam of light curved towards the earth? Or does Pro- 
fessor Crookes find different results from horizontal and 
vertical beams? 
I send this with considerable hesitation. 
I am, Sir, yours truly, 
H.C. P 


South of France, February 29, 1876. 


CARTER’S DISINTEGRATOR. 
To THE EDITOR OF ENGINEERING. 
_ Stm,—I see in your paper dated the 18th inst. a descrip- 
tion and illustration of a disintegrator brought out by 
Messrs. Carter Brothers, which is said ‘‘ possesses several 
special features and improvements as it worthy of 
notice.’’ I cannot allow this to go unnoticed, having been 
the maker and inventor of a disintegrator containing most 














carry | of the so-called improvements, which I am now surprised 


to see Messrs. C: Brothers adopt. 


The discharge a) in mill has always been in 
the perip , which I have ted-with valves or screens 
of various s mding upon the nature of the ma- 


» Gepe: 
terial to be ground, for I have found by practice that what 
answers well for one kind of material is not so well adapted 
for another, but I am certain it is impossible to grind most 
materials to a uniform sample with screens, as described 
by Messrs. Carter Brothers, for any one, upon considera- 
tion, can see that by the rapid action of the beaters the 
materials would be dashed into atoms, a great portion being 
in powder and the remainder only in a granulated form ; 
therefore, if the openings in the screens are exposed to the 
direct action of the material, how are they going to keep 
the granulated particles from passing through the screens 
with the powder or dust, and if they cannot how can a 
uniform sample be produced. 
It must be understood that my mill was brought out in 
1870, and about twelve months after that time Messrs. 
Norton and Hawksley brought out another for a similar 
purpose, and now Messrs. Carter Brothers have just 
patented another. Two of the principal features which 
Messrs. Carter Brothers have adopted are the return air 
pipe which I applied in 1871, also the apparatus for grind- 
ing to an = xo powder, which is described in the 
patent taken out February 9, 1870, No. 377. 
Yours truly, 
Epwarp WILSON. 
Shillhay, Exeter, February 29, 1876. 


Tae Institution oF Crvit EnainzERs.—The atten- 
tion and consideration shown by the members of this body 
to foreign professional brethren when visiting our public 








To Tux Eprror or ENGINEERING. works ineering establishments has beén recently 
Srr,—In the full and drawn up rt which | recognised by the King of Po , who has conferred on 
in your last issue of the recent trial, Faure and|the secretary of the ager, . James Forrest, the 


Order of Jesus. 








less aa put upon my evidence which I am sure 
you will courteously allow me an opportunity of correcting. 


On a former occasion the Emperor of Brazil ngrointed Mr. 
Forrest a Knight of his Imperial Order of the . 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLEsBRouGH, Wednesday. 
The Cleveland Iron Market.—There was a large atten- 
dance on ’Change at Middlesbrough on Tuesday. The 
market was flatter and less business was done. Pig makers 
uoted No. 3, 49s. per ton, but this quality could be bought 
‘or 6d. per ton less. Merchants and metal brokers antici- 
pate a further decline. Shipments have fallen off very con- 
siderably. There are ships now in the Tees waiting for 
cargoes and they cannot get them. Business is more de- 
pressed. It was thought that after the various wages 
questions were settled there would be more animation, but 
up to the present time there are no signs of a general re- 
vival in trade. 


The Finished Iron Trade.—Continued depression charac- 
terises this important industry. The orders which are 
occasionally secured by North of England rail makers are 
trifling when the vast productive power is taken into ac- 
count. At many of the works which are in operation the 
contracts are being rapidly executed and they will soon be 
waiting for renewals. The various branches of the finished 
iron trade are not in a satisfactory state. 


The Cleveland Miners.—As we stated last week the 
Cleveland miners accepted the award loyally which reduces 
their wages one penny per ton. They have, however, a 
matter before them now, which is cau them some an- 
noyance. It is stated that their union decre: in 
numerical strength lately, and that one of the causes of this 
is traceable to their secretary, Mr. Shepherd. The council 
of the union have debated the matter. On Monday, aftera 
meeting of the council, the president issued the following 
notice to Mr. Shepherd, the secretary, “I am requested by 
the delegates now sitting in council to gre ‘you notice to 
leave their employment after three months from this.”” In 
the mean time a ballot of the various lodges is to be taken on 
the question, and made known in the course of a month. 


The New Railway Station at Middesbrough.—The new 
station at Middlesbrough is being rapidly proceeded with, 
and it is expected that it will be ready for use this year. 
There are to be two main platforms for the east and west 
traffic, and there are to be two distinct sets of offices. 


The Coal and Coke Trades.—The coal and coke trades 
continue depressed. Prices are low, and there is no prospect 
of any change. 

The New Graving Dock in the Tees.—Rapid pro s is 
being made with the graving dock in the Tees, the founda- 
tion stone of which was laid by the Chancellor of the Ex- 
chequer in October. It is hoped that the shipping trade 
will soon improve, or there will be little use for the splendid 
dock which the Tees Commissioners are making. 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig Iron Market.—The warrant market was 
quite inanimate last Thursday forenoon, the only business 
reported being 1500 tons done at 59s. one month fixed, 
closing with buyers over at that price, and 59s. cash, sellers 
asking 3d. per ton more. The makers’ prices were still 
being reduced, Messrs. Merry and Cunninghame’s brands 
being reduced 1s. per ton all round. Holders of war- 
rants seemed determined that they should not suffer 
any reduction, and in order to carry out their object the 
warrants were gradually absorbed from the market with a 
view of preventing oversales being carried over, and thereby 
forcing purchases to be made to meet them. There was a 
steady market in the afternoon, with sellers at 59s. 3d., 
buyers 59s. 13d. The market was also quiet on Friday 
morning, and lower prices were accepted. A small amount 
of business was done at 58s. 103d. to 58s. 9d. cash and one 
month open, closing with sellers at the lowest quotation, 
buyers offering 1}d. per ton less. No business was reported 
in the afternoon, and the closing prices were sellers 58s. 9d., 
buyers 58s. 6d. cash. Still lower prices were taken on 
Monday, business being done down to 58s. 43d. cash. 
Langloan No. 3 was reduced in price 1s. per ton. Some 
more firmness was displayed in the afternoon, and the 
quotation of sellers at the close was 58s. 74d. A sudden 
change took place yesterday morning, the market being 
very strong both forenoon and afternoon. Business was 
done in the forenoon up to 59s. 74d. prompt cash and one 
month, and 1}d. per ton more was asked at the close. A 
good business was done in the afternoon at 60s. 3d. cash, 
60s. 6d. and 60s. 73d. one month open. Coltness iron was 
advanced 1s. per ton, and the Eglinton brands 6d. per ton. 
The market opened this forenoon with an appearance of 
firmness, and 60s. 44d. and 60s. 3d. cash were paid, but 
there was a decline to 60s. one month and 59s. 9d. cash, at 
which prices a large amount of business was done. No 
business was reported in the afternoon. Last week’s ship- 
ments amounted to 5986 tons, as against 7806 tons in the 
corresponding week last year. There is already a decrease 
of 18,088 tons in the shipments reported since Christmas. 


_ The Clyde Shipbuilding Trade.—This branch! of local 
industry is decidedly in a bad way, as compared with its con- 
dition for several years past. The launches last month 

ve an aggregate tonnage less than one-half of that 

unched during the corresponding month in three or four 
years preceding this; but notwith: ing the small amount 
of tonnage launched the orders booked during the month 
were not equal to the output. Several shipbuilding yards 
are tolerably well employed, but others, in, are very 
slack. Messrs. John Bl er and Co. have only about 2300 
hands in their employment as against 5000 odd in 1871, 
1872, and 1873. ‘The vessels launched in the past month 
were all comparatively small. 


The Gartsherrie Coal-Cutting Machine —Amongst the 


the coal and _ oes to the a 
coming Exhibition at Philadelphia, a promin 
lace will be given to the Gartsherrie — machines, 
for the nanuinaiene of which Messrs. Baird and Co. have 
erected and complete premises near their famous iron 
works at Coatbridge. 
Glasgow Engineering and Shipbuilding Draughtsmen. 
—A peat Caled association was held in the igious 
Institution , on the evening of Thursday, the 17th 
ult., Mr. Alexander Smith, vice-president, in the chair. 
Mr. Croom read an interesting g paper on “ Air and Circu- 
lating Pumps.” He commenced by showing the propor- 
tions adopted by practice, and offered various remarks on 
the construction of these pumps and their valves.. The 
paper evoked a lively discussion, in which many of the 
members joined. The — closed with the usual votes 
of thanks to Mr. Croom and the chairman. 


The Moorfoot Water Works.—The Works Committee of 
the Edinburgh and District Water Trust met last Thurs- 
day, for the purpose of opening the tenders which had been 
lodged for the construction of the Alnwick Hill reservoir 
and filters, being contract No. 6 in connexion with the 
Moorfoot water scheme. There were in all nineteen tenders, 
the estimates ranging from 54,0001. to 67,0001. Ulti- 
mately, after consideration, the tender of Mr. Henderson, 
contractor, Juniper Green, amounting to 54,0001. odd, was 
accepted, on the customary provisional footing that his 
measurements were found to be correct and the engineers 
otherwise satisfied. This important portion of the works 
for increasing the Edinburgh water ‘supply is to be con- 
structed on a Sy eae field to the south-east of 
the Alnwick Hill ormatory, in the parish of Liberton. 
The service reservoir, which will receive the water from 


in connexion with 


Gladhouse, will occupy an area of about 5 acres, and will be 


capable of containing four x supply of water to the city, 
or 22 million gallons. It will be gular in form, its 
depth about 22 ft. Adjoining will be four filters, covering 
an aggregate area of about 2} acres, through which the 
water from the reservoir will flow into a covered tank 
capable of containing 3} million gallons. This tank will be 
built of masonry, and arched with brick. From the tank, 
two service pipes will lead the water into the city by way of 
Oausewayside. Offers are now asked for the construction 
and erection of the ironwork required for the reservoir now 
being constructed at Gladhouse Mill, the site of the em- 
bankment being 6} miles from Gorebridge Station. 


Another Burst a ~ Dundee Graving Dock.—For 
some time past workmen have been enga in repairin: 
the burst which took place last year in the floor of the 
new graving dock at Dundee. On Friday the water burst 
through the floor afresh at the part where the relayi 
operation was in progress. The water rushed in wit 
great force, and the dock was soon flooded to the depth of 
several feet. Two large steamers had to be removed 
which were at the time undergoing repairs in the dock, 
which was afterwards filled with water. Mr. Harrison, 
C.E., London, was immediately communicated with by Mr. 
Cunningham, the harbour engineer. 








NOTES FROM THE SOUTH-WEST. 
Avonmouth Docks.—The Prince and Princess of Wales 


are to visit Bristol in June to o the docks at 
Avonmouth. Their Royal Highnesses will probably be the 
guests of Lord Poltimore, at Poltimore Park. 


Devon and Somerset Railway.—The directors’ report 
states that the revenue of the line during the past half- 
year was slightly in excess of the corresponding period of 
1874, the gross amounts being—for 1874, 14,294l.; for 
1875, 15,0201. In addition to general depression of busi- 
ness during the past half-year, iar interruptions of the 
trade of the district traversed by the railway and that of 
the Bristol and Exeter Company were occasioned by ex- 
traordinary floods which took place in October. Some 
slips in the cuttings occurred—one of sufficient magnitude 
to stop all traffic for eight consecutive days. 


The Coal Trade.—The stagnation in the coal trade of 
the South Wales ports, and of Cardiff in particular, in- 
creases. During the past week only 44,402 tons of coal 
were shipped to foreign ports, and 10,000 tons coastwise. 
This is a remarkable falling off, the quantity shipped 
being equal to this during the late strike. There were 2281 
tons of iron and 400 tons of patent fuel shipped to foreign 
ports. Of the coal shipped at Cardiff last week 12,600 tons 
were sent to France, and 17,000 tons to Mediterranean 
ports. Nearly the whole of the iron e: was sent to 
Gothenburg. The price of coal is still falling, 10s. and 11s. 
per ton being now the quoted rates. 


Wages in Pembrokeshire.—It is reported that the Pem- 
brokeshire colliers and employers have resolved to adopt 
the sliding scale system, and that for some time past they 
have been en in deciding upon a “‘ basis.’”” While the 
men, of course, think that there should be no reduction, 
the masters consider that one of 10 per cent. at least should 
be enforced. 


Patent Fuel.—Patent fuel works have been started by 
Messrs. Nixon and Bell, of Clydach, for the purpose of 
using up the small from their eslebrated Western Merthyr 
steam coal, which is known to be so well adapted for fuel 
making. The works are capable of turning out from 500 
to 600 tons per day, and it appears there is a good 
demand. The works have been erected from the and 
under the direction of Mr. James Bolton, St. Helen’s En- 

i ing Works, Swansea, who makes a specialty of this 


msiness, and the whole of the machinery was man’ 
by him, under his patent. From the first start everything 
went smoothly, 


Monmouthshire Railway and Canal Company.—At the 





collections of objects which are to be sent from this country 


half-yearly meeting of the Monmouthshire Railway and 
Giaah Guuigaay, the dividends of 64 per cent. quetniieel 


wy oe ee Railway Company on the ordi 
,and 5 percent. on the preference stock, were » 
and a Bill now before Parliament was approved. 
half- 


Penarth Harbour, Dock, and Railway.—At me Bo 


yearly meeting of this company, the chairman congra’ 
the s rs upon the improyed position of their under- 
taking, the dividend haying been increased from 4 to 44 
r cent., with a prospect of a still further,inerease during 
the t year, as well as the ibility 

the lapse of another half-year t 
by the lessees of their dock and railway. The 
of a eraring deck at Penarth was warmly advocated by the 
chairman, Mr. C. H. Page, and other speakers, 

Mr. Crawshay.—A reply has been given to a deputation 
of ironworkers who recently waited on Mr. Crawshay, ask- 
ing him to re-start his extensive works at Merthyr. ‘Trade 
being dull and no orders forthcoming, Mr. in- 
formed the men that he regretted being unable to see his 
way clear to recommence operations at an early date. 
decision, as may be e » greatly di i 
who were buoyed up with hope that, the colliers haying 
decided to-abide by the i 
~~ gpm would have been able to comply with their 
wishes. 


Neath Tramways.—The local Country Roads Board haye 
decided to reduce the tolls paid by the Neath Tramway Com- 
pany to one-half. This, though but a small concession, 


will save the company upwards of 6001. per annum. 


Brynmawr Works.—Notices nevingtase issued that all 
contracts would cease on Saturday at the Nantyglo and 
Blaina works, great uneasiness is felt. The men are re- 
luctant to accept the terms offered by the masters, who do 


not belong to the association. 


Cwm Garw.—On Saturday, a seam of coal, 3 ft.’ 6 in. 
thick, was struck at Nant Hir, Cwm Garw, in a pit 
which is being sunk by a company. The company, con- 
fident of ultimate success, had formed a siding to their 
colliery, and erected powerful machinery in anticipation, so 
that ina short time they will be able send coal to the market. 
The Garw valley, which finds an outlet to the Llynyi and 
Ogmore Railway at Brynmenyn, near Tandu, promises to 
become populous, as several works are being > 

Progress of Cardiff Coal Exports.—In spite of the t 
dulness of business, the exports of coal trem Cardiff bave 
increased, oe the whole, during the last ten years. Thus 
in 1866, 1,837,161 tons were shipped to a ports, and 
887,353 tons were ae coastwise. In 1875, 2,800,510 
tons were shipped to foreign ports, and 749,131 tons were 
shipped coastwise. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, W: , 
Proposed Reduction in the Price of Gas at Bradford.— 
A local newspaper (the Bradford Observer) understands 
that the accounts of the Gas Committee of the Bradford 
Corporation for the past half-year show a profit of es pte 


or with the gain of the: previous six months, a total profi 
on the year’s transactions of 23,0001. With this lus 
in hand the committee recommends the town to 


reduce the price of gas to consumers from 3s. 6d. to 3s. 4d. 
per 1000 ft. i 

Leeds, Castleford, and Pontefract Junction Ratlway.— 
At the half-yearly meeting of the shareholders of this com- 
pany held at Leeds on Tuesday last, the report presented 
showed that the amount of share capital paid up was 71,5301. 
and the expenditure 53,3701. During the half-year 
the con’ rs le good p with the various 
works on the line. The total quantity of excavation comi- 
pleted was about one-fourth of the whole amount of the 
contract. Of the twenty-four bridges three were completed 
and the ironwork was ready for another. The abutments 
of three other bridges were ready for the ironwork, and of. 
three others the abutments were being built. 


Further Reduction in Coal Prices.—On and after to-day 
several of the Yorkshire and Derbyshire colliery pro- 
prietors have reduced prices by sixpence to one shilling per 
ton. There is a much greater supply than demand. 


The Leeds Tr y O -— At the half-year 
meeting of this company held at Leeds on Friday, it -_ 
shown that the receipts been 20,6841., and the expen- 
diture 15,1711. Out of this a dividend of 6 per cent. per 
annum was adopted on the ordi shares. Twelve new 
cars were received in November, and some of them were at 
once put in use on the Hunslet and Kirkstall lines. The 
Hunslet stabli also been finished, and the new stables 
at Kirkstall and Chapeltown are progressing satisfactorily. 
ne & i ee f Sane 
prospect of horse power being wholly abandoned, an en- 
gineer in Glasgow having made what were said to be 
ee experiments with a new invention on the ears 

ere. 


The Sheffield Tramways Company.—The directors of 
the Sheffield Tramways Company have resolved to recom- 
mend a dividend of 64 per cent. for the past half-year, as 
compared with 6 per cent. in the preceding eee og The 
company has at present five miles of rails for which it pays 
the ay oo pa a rent of 1001. per mile. Whenthe profits 
for the half-year shall reach 10 per cent. the company will 
have to pay a rental of 1501. oo mile. to 
Ehalemae, Heeley, and Nether Edge will shortly be put 
in e 


ae ge the Boe spate of the Gone mpshine 
us week on ‘ollowing 
misprints deve to be corrected : smaller of the two 
machines had a capacity of 302.4, and not 3000. For ratios 
of distances and intensities read 40? ; .93°, and 202 ; 1.152; 











and for work done per 100 burners, read 7.5 : 18.50, and 
2.75 : 3.02 respectively. 
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Revision or CommerciAL TREATIES.—The Commis- | interested in the iron industry present expressed almost 
sion of Inquiry appointed for furnishi the Imperial | unanimously the wish thata moderate duty on crude iron, 
——n Oe the impend- | perhaps of 25 pfennigs 

ing alterations in commercial treaties, met last month at | again, and that the other duties at present levied ought to 
Bochum and Disseldorf, for the purpose of obtaining in- | be either maintained or slightly raised. But all were of 
formation as to the state and wishes of the iron and steel opinion that the prosperity of the German iron and steel 
industries. The latter was well represented, and notwith- | industries depended upon greater facilities extended to the 
considerable divergence of 0 opinion, the conference export trade, and that the commercial treaties which are 

founded on the principle of the most favoured nations ought 


Government with ma’ 





standing 
passed quietly enough. The iron manufacturers and others 





(3d.) per 


ewt. might be introduced 











to be renewed. The members of the Commission — 
with regret of the present dull state of the iron and steel 
trades, and expressed the confident hope that the German 
Empire would be more fortunate in ob more favour- 
able terms in renewing the treaties with fo: states than 
a year ago had been the case with Prussia. hose present 
were unanimous in the resolution to do everything in their 
= to contribute towards the obtaining of the most 
ble conditions in the renewal of commercial treaties. 
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THE ERRORS OF LEVELLING. of probable errors, be applicable to the cir- 4. That the resistance of the two-bladed screws when 
Ar the thirteenth ordinary meeting of the Institution of ces of the different lines of the system. The data | their blades were held . in the vertical position 
Civil Engineers for the session 1875-76, held on Tuesday | for framing such tal would be drawn from the official nage pny fe mabe, probe post, was much less, 
evening, the 22nd of February, Mr. Geo. Robt. Stephen- | Tecords of standard leve’ in different countries, and the | for all the ions of pitch employed, than when they were 
son, President, in the chair, the paper read was “ On the value of the Tables when framed would depend in a great | held sta in the hor tal position square across the 
Probable Errors of Levelling, with Rules for the Treat- | @ upon the mass of statistics which were reduced in| vessel. And this difference of the resistance in the 
ment of Accumulated Errors,” by Mr. Wilfrid Airy, B.A., | OTder to compile them. . The author had obtained access to | two positions e less and less as the screws were com- 
M. Inst. C.E. the original records of the check agen g executed on long posed of greater and greater fractions of the pitch, all other 
it was stated, with respect to genuine errors of observa. | lines in Gtoal, Bim with reference’ to the Swiss levelling |  5:"That ta the case of screws otherwise identical, excopt 

: - ent, te : ‘ aia i ‘ 
tion, that in most engineering worrs it was unnecessary $0 | from the ‘ Nivellement de la Suisse.” that the surface in the one was divided into two blades, 


give much attention to the small discre; 
results arrived at by different observers; but, in the case 
of a complicated system of long lines of levelling, the 
aggregation of small errors became formidable, and the 


A critical examination of the discrepancies between ob- 
servers on the same lines of levels, showed that the ave 
amount of the discrepancies depended very much upon the 
inclination of the ground. If the ave inclination be- 





proper treatment of them required considerable method and 


skill. 

Errors of levelling were of three kinds: (1) mistakes ; 
(2) instrumental errors ; and (3) errors of observation. 

1. Mistakes arose from want of care in ing the staff 
or the bubble, or in booking the readings, as well as from 
the foot of the staff being shifted between the readings, and 
from want of care in holding the staff vertical. The only 
effectual safi d was to check the work throughout by 
independent o ers, and to divide the distance into short 
sections defined by benchmarks. As a check on individual 
levelling, it had been customary in Great Britain and in 
India to graduate the staves differently on the two sides, 
and always to read both sides of the staff. 

2. Instrumental errors were either due to collimation, 
to level, or to the form of the telescope. The last mentioned 
only came into question when the spirit level was not per- 
manently attached. Along with instrumental errors must 
be classed those of length and graduation of the staves. 

8. Errors of observation were the small graduated errors 
inseparable from all operations which depended upon 
human nerves and judgment. For any single operation 
they were very small, but they might amount to a consider- 
able aggregate at the termination of a long course of work. 
Errors of judgment also occurred in reading the staves and 
the bubble, and they also arose from small oscillations of 
the staves from the vertical. The combination of these 
different errors produced the final error. 

Dr. Whewell and Colonel Walker had noticed that 
usually the results of levelling any given line differed ac- 
cording to the direction in which it was levelled. Colonel 
Walker attributed this mainly to the dislevelling effect of 
the sun’s heat upon the instruments, and to errors of read- 
<< bubble caused by the oblique direction in which the 
light fell upon it. 

In general the results obtained by different observers on 
a long line of levelling were different. But not unfrequently 
cases occurred in which they agreed very closely. Never- 
theless it was always highly probable that the result arrived 
at was incorrect, and that the errors of the different 
observers all ran in the same direction, and were of equal 
amount. This subject had received much consideration 
from Messrs. Hirsch and Plantamour ; but their method 
of combining the levels of the several sides of a polygon 
appeared open to several objections. First, the error due 
to any given line depended both upon the length of the line 
and the character of the ground, and whatever formula 
was used for the corrections should have regard to both. 
Secondly, it was unsafe to use the actual closing error of a 
polygon as the basis of the corrections which were to be 
applied to the several sides ; for it might well happen that 
the closing error was exceedingly smail, while the error at 
intermediate points was large. Thirdly, the method of 
successive approximations, as described, was laborious and 
ansatisf: . As soon as any network of lines had been 
completely levelled, there was no difficulty in applying the 
theory of probable errors, so as to obtain directly and 
simultaneously the most probable values for the levels of 
all the points of the system. 

In considering the question of dealing in a satisfactory 
way with the a of the levels on a complicated 
system of lines, it occurred to the author to frame Tables 
TABLE showing the Average Differences in a Single Mile 

of the Results obtained by Two Observers on Grownd 

vA different Degrees of Inclination in Great Britain, 
ndia, and Switzerland. 




















tween two benchmarks was steep, no matter whether parts 
of the distance were uphill and other parts downhill, then 
the discrepancy was greater for that section than for another 
section on which the ground was flatter. It was therefore 
possible to frame a Table of errors suitable to different in- 
clinations of ground. 

The treatment of probable errors in the case of a complex 
system of levelled lines was illustrated by working out an 
example in detail. 

For the standard levelling in Great Britain, India, and 
Switzerland, Y levels were used. This construction offered 
facilities for the quick and accurate determination of the 
collimation error and the level error. Its chief disadvan- 
tage was that, from want of rigidity in the mounting, it 
sometimes happened that the internal tube (which carried 
the object glass) did not slide truly in the external tube, so 
that the a axis did not keep constant_in position when 
£. by e tal 


* By due a to all the «ry ye - ined oe - error & 
igh degree of accuracy might secured. e 
closed with a reference to the results obtained in Thalia 
under the management of Colonel Walker. From the 
report on the ‘‘ Spirit Levelling Operations in India,”’ dated 
1866, the following information had been extracted : 


























while in the other it was divided into four blades equispaced 
around the axis, the two-bladed screw when held s' peoce a 
with its blades in the vertical position immediately behin 
the vessel’s stern-post, gave a much less resistance at equal 
= of vessel than the four-bladed screw when held 
stationary with two of its blades in the vertical and the 
other two in the horizontal position. 

6. The two-bladed screw under the conditions of five, 
also gave a much less resistance than the four-bladed 
screw with its blades equispaced around the axis, and held 
stationary at the angle of 45 deg. with the perpendicular. 

7. The two-bladed screws, when held stationary wth 
their blades in the horizontal position square across tuv 
vessel, gave resistances, at equal nee of vessel, in the direct 
ratio ef the fraction of pitch of which they were composed, 
all other things being the same. 

8. The two-bladed screws, when held stationary with 
their blades in the vertical position immediately behind tho 
stern-post of the vessel, gave, at equal ed of . 
resistances increasing with the fraction of pitch of which 
they were composed, other things being the same. The 
ratio of this increase in function of fraction of pitch, the 
experiments were not sufficiently numerous and varied to 
determine. 

9. The two-bladed screws, with the exception of the ex- 
treme case in which a two-bladed screw is employed com- 
posed of such small fraction of the pitch that its projected 
area on a plane at right angles to the axis is covered or 
masked by the stern-post of the vessel, gave, when freely 


eer 3 | revolving, resistances in the direct ratio of the fractions of 
A = . ‘ the pitch of which they were composed, all other things 
8 ; |aee ing the same. 
a 3 |. ; 10. That with the exception of the extreme case above 
aad a defined, the two-bladed screws, ceteris paribus, composed 
F1"*_ | of whatever fraction of the piteh they might b be, mabe, when 
revolving » a 8 C) 
Calcutta to Tilliagarhi 242 ft. ft. or aren aihanl ieee yok the same number of revc- 
Til = hi to Patka Gerouli| 346 2 5 lutions per mile. As the uct of this number of revo- 
. -— ee See : 38 | jutions and the pitch in feet is always less by a constant 
gra to Pa ro | S424 | 15 06 | quantity than the geographical mile in feet, the two-bladed 
screws, Com! of whatever fraction of the pitch they 
might be are, for equal speed of vessel, dragged bodily at 
equal through the water. 
THE RELATIVE PROPELLING EFFICIENCY | ,,11. That in the extrome case aan. re Ne at ine 
: i OF SCREWS, blades are masked or covered by the stern-post of the vessel, 
By Chief Engineer B. F. Isxurwoop, U.S.N. Froese _e vevelving fi e same ey yr of revolu- 
Concluded : ons e at all speeds of vessel above 34 geographical 
Ww h nlm from pags 120.) J - miles ; but this number is less than when the fraction 
nowt fhe rene! at the epee of 7 geographical mile per | ot the pitch is grata, and thin serowis consequently 
> > resis ce s\ 
of vessel and screw was 756lb.; deducting from which the poten Yo apm water at 6 — yo potaew 


631 lb. due to the resistance of the vessel, there remain for 
the resistance of the screw, se, 125lb. Consequently, 
the screw, when revolving freely, increased the amo 


ai) 19.81 per centum ; and decreased 


its speed (4/ 681: 4/ 756 :: 7:7.6620; and 7.6620—7.=—) 
0.6620 geographical mile per hour, or Sa =) 


6620 
8.64 per centum. 

From the foregoing it appears that the resistance due to 
screw H, when revolving freely, is 25.04 per centum of the 
resistance of the vessel, per se, less than when it is held 
stationary with one blade vertical below the shaft, im- 
mediately behind the vessel’s stern-post ; 37.40 per centum 
less than when it is held stationary with one blade vertical 
above the shaft, immediately behind the stern-post; and 
32.65 per centum less than when it is held stationary with 
one blade horizontal, square across the vessel, on one side 


resistance 











% | of the stern-post, while the remaining two blades are on 
a 4 = opposite side at angles of 30 deg. from the perpen- 
—_— *-. cular. 
$3 4 # General Conclusions.—From the results of the wearing 
Om = a experiments made to determine the relative resis 
the screws of steam launch No. 4 when oes h 
ft. | ft. | ft, | the water in various positions and under different i- 
1. Average difference in a single mile tions, the following general conclusions can be drawn : 
on ground nearly level, and in 1, All the ores oT tall talon with, continued to revolve 
very favourableweather... _...|-0280/.0142 | .01g5 | until the vessel’s s fell below 34 geographical miles per 
2. ifference in a single mile our. : : Bonn 
on ground of a slightly undu- 2. That with the exception of the extreme case in which 
lating character, where the a two-bladed screw is employed, composed of such small 
gradients did not exceed 1 in 100.0238 |.0168 | .0148 | fraction of the pitch that its area on # plane at 
Average difference in a single mile right angles to the axis is covered or masked by the stern- 
on ground where the gradients post of the vessel, the two-bladed screws gave much less 
were entirely between 1 in 100 resistance when revolving freely than when held stationary 
and 1 in 20... a= 2 ...1.0879 |.0208 | .0183 | With their blades in the vertical position immediately be- 
4. Average difference in a single mile hind the stern-post of the vessel. 
on ground where the gradients 3. That even in the extreme case above ex: , and 
were éntirely between 1 in 20 and whieh never occurs in a the resistance of the two- 
Taw oN am ...|.0566|.0350 | .0308 | bladed screw when held stationary with its blades in the 
5. Average difference in a single mile vertical position immediately behind the stern- of the 
on steep and rough rade | where vessel, was only 2 per centum than when revo we ted 
the gradients were frequently And,that this slightly less resistance was due to fi 
steeper than 1 in 10 we oa .0416 | that, because it was masked by the stern-post, owing to 
the rca ars a ay ae < he pitch of which ae 
ae posed, i , ing freely, uti 
"ca Pn eee ais PAB Tce | Feats tera ease hee pe 
“ led by the 3 ley ’ i itch, consequent! to 
as no direct data could be obtained. bodily through the water at a higher eek. 








‘act | that, when viewed in projection 





tion to its fraction of pitch. 

12. The four-bladed screw with its blades ee 
around the axis and held stationary at angles deg. 
with the i , gave 8.7 per centum more resistance 
than when it was held stationary with two of its blades in 
the vertical position and the remaining two in the horizontal 
—— above proportion, however, is only true for 

he particular fraction of pitch of which this screw was 
composed. It will i 
more for smaller ones. 


become less for greater fractions and 
It nevertheless shows that the re- 
sistance of a blade, even when at the angle of 45 deg. with 
the icular, is much less than when in the horizontal 
position. Had the resistance of the blades in both these 
cases been equal, the resistance of the screw, with its blades 
at the pame of 45 deg. with the aj pry would have 
been 440 Ib. when the vessel had the speed of 7 geographical 
miles per hour, whereas the ental resistance at that 
coy was only 337 lb., or 76. centum of the former. 
difference ooge g | illustrates the effect exercised 
woos the resistance of the blade by the proximity of the 
13. The four-bladed serew with its blades equi 
around the axis, gave a much less resistance when revolving 
freely then when held stationary in any position. And when 
identical with the two-bladed screw in all respects except 
the number of blades into which the same surface was 
divided, it gave, when revolving freely, tly the same 
resistance as the two-bladed screw when revolving freely at 
the same speed of vessel. 
froch By sana creme Aa Shee ratortn § 
ly at any vessel grea’ geograp’ 
miles per hour, the same number of hemes per mile ; 
and this number is exactly the same as that made under the 
same conditions by a two-bladed screw of the same dia- 
meter and pitch, with a fraction of pitch sufficiently great 
not to be masked by the vessel’s stern-post. As the product 
of this number of revolutions and the pitch in feet is always 


less by a constant quantity than the phical mile 
feet, the four-bladed screw is dragged bodily h the 
water at a speed which is always the same per cen of 


the vessel’s let the latter be what it may. 
15. The screw composed of two identical two- 
bladed screws one immediately behind the other, so 


on a plane at right 

to axis, it appears like a single two-b screw, gave, at 
equal speed of vessel, when of the same diameter, pitch, 
and pro} area on a plane at right angles to the axis as 
the two-bladed screw, exactly the same resistance as the 
latter under all the conditions of being held stationary with 
the blades in the vertical position immediately behind the 
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Fehan Wh owe took by the Bb malta ae gg AD dg vamenhigd diferent Conditions of rea id aro i testres eee the Forwara Sida 
10. was 5 aot 3 dragging of revo on , 
of their Blades, and of being held Stationary in Different Positions. iS, sid > bisa \Oe= = 
| Sraep. Resietaxces, |_| 1088 OF Vussux’s Sruxp puz To Tax 
aq lees [ee2 [14 A bs /aqEeR led Gentes 
zZ & z bat See 38 > as Pad, oe} g Es 
; A et! Ee pelea lee |geadaeg lec laveedals 
BAR 3 aes 54 25 E 24 b3r3 $ 33] 35 
Kinp or ScrEw, AND ConvrTIOoNs or ITs TRIALS. 4 FE = “i E 2S 3 : q 3 1G eos a o3 BaF 2° Se, 
. g J E 4 a = = 2 
= dele® ks lecsalg si 2 ee [se | pegs eed utlb Es 238 
3) Pe) BM bok betes beh -1-] Oe 3 Zs Sb 3% 
£3 s 32 ASS S/S § 3S 4 3s ;e“s Bas ige 32 
S) 22/88 Sagdlesgslegs| o9 lebulees| sGigrgr Message 
33 |£3 [ego ba) 22 eaeiges| = E Segises ly 
PGES PAIL LUPCLEC it 
S| Ee | 2a|eas Aasa sce) $8 3 a3 Bee 3 a\3 SAk3 
Two-bladed screw : m 30 pron : 
Revolving freely by the pressure of the water... on one | A 7 | 921 5.441 | 22.28 | 631 | 134 765 | 21.24 7.7075 0.7075 9.18 
Held sta’ , with the blades vertical behind the stern-post .;.| A 7 nse pa and 631 | 350 981 | 55.47 8.7281 1.7281 19.80 
PR a « stationary, with the blades horizontal, square across the vessel, A 7 ‘ 631 | 440 | 1071 | 69.73 9.1196 2.1196 23.24 
o-bladed screw : 
Revolving freely by the pressure of the water... _... pom cool 7 | 921 5.441 | 22.28 | 631 | 105 736 | 16.64 7.5600 0.5600 7.41 
Held stationary, with the blades vertical behind the stern-post ...| B 7 eco itn whe 631 | 197 828 | 31.22 8.0186 1.0186 12.73 
BR... bere pm with the blgdes horizontal, square across the ~" B 7 on 631 | 345 976 | 54.68 8.7058 1.7058 19.59 
0- screw : . 
Revolving freely by the pressure of the water... agp one ee] C 7 | 921 5.441 | 22.28 | 631 67 698 | 10.62 7.3623 0.3623 4.92 
Held stationary, with the blades vertical behind the stern-post ...| C 7 ong wi eee 631 90 721 | 14.26 7.4826 0.4826 6.45 
oe oes with the blades horizontal, square across the vessel) C 7 . 631 | 220 851 | 34.86 8.1292 1.1292 13.89 
screw : 
Revolving freely by the pressure of the water... oe ase ..| D 7 | 757 4.472 | 36.12 | 631 54 685 | 8.56 7.2934 0.2934 4.02 
Held stationary, with the blades vertical behind the ey eee oa.» 7 eos eed ob 631 26 657 | 4.12 7.1428 0.1428 2.00 
mo Sor meprer b we the blades pesteeetal, square across the vessel) D 7 631 | 125 756 | 19.81 7.6620 0.6620 8.64 
‘our- screw, les equidistant : 
Revolving freely by the ai of the water... ae wl | EB 7 | 921 5.441 | 22.28 | 631 | 134 765 | 21.24 7.7075 0.7075 9.18 
Held stationary, with of blades vertical and other horizontal) E 7 pee “ae tos 631 | 310 941 | 49.13 8.5483 1.5483 18.11 
r Held stationary, withthe at the angle of 45 deg. with the vertical! H 7 631 | 337 968 | 53.41 8.6696 1.6696 19.26 
our-bladed ’ Mangin 8 system : 
Revol freely by the pressure of the water... one onl | F 7 | 921 5.441 | 22.28 | 631 67 698 | 10.62 7.3623 0.3623 4.92 
Held s , with the blades vertical behind the stern- oot FF 7 « os i 631 90 721 | 14.26 7.4826 0.4826 6.45 
Held stationary, with eran Leaman square across the vessel! F 7 3 + oS 631 | 220 851 | 34.86 8.1292 1.1292 13.89 
Three-bladed screw, Griffi 8 m : ‘ 
Rey freely by the prams of the water... oan oi oo] EL 7 | 665 5.8541 | 28.51 | 631° | 125 756 | 19.81 7.6620 10.6620 8.64 
Held sta , with one blade poo vertically below the shaft, 
and the remaining two blades a the shaft at angles of 60 deg. 
from the vertical ... one eee ow pe age “s ogi a 7 “ 631. | 283 914 | 44.85 8.4247 1.4247 16:91 
eld stationary, with one blade placed vertically above the shaft, 
xemaining two blades below the shaft at angles of 60 deg. 
} eae ied aa ond ore ee eve «| H 7 os eee 631 | 361 992 | 57.21 8.7768 1.7768 20.24 
He » with one blade placed horizontally on one side of 
f i two blades on the other; 
. from the Techs actin, | "Oth “| Hi} 7 - oo 631 | 331 | 962 | 52.46 8.6431 1.6431 19.01 . 






































Tanie No I.—Contatning the Pringigal Dimensions of the Screws Employed in the Foregoing Experiments. 


Detagtics 
the Screws. 


Diameter |,,. - be: 
of Hub, in|Pitebs inj "Gp" 
eet. eek | Blades. 


>| 


Length of 
each Blade : 
in Direction 
of Fant in 


Helicoidal 
Area of the 
Blades in 


in Square Feet. 
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6.1321 
4.8078 
8.0601 
1.7417 

6.1821 
6.1321 
4.2968 














vessel's stern-pdst, of being held stati with the blades 


position square across the vessel, and of 
screw, com as 
and sanen a oar 

; consequently, 
greater than that of 
: the square root of two 
one, its resistance at equal speed of 
with its id stationary in any 
or revolving freely, will be only one-half of that 
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Griffith screw, with expanding pitch from 63 ft. to 7} ft. 
Calculated for the mean pitch of 7 ft. 


219 for the two-bladed screw, and 344 for the four-bladed 
screw. As regards to the latter, however, this proportion 
is true only for the particular fraction of pitch (0.8570) of 
which these screws were com: . With 
of the piteh the resistance of 
screws would be relatively less, and with smaller fractions 
of the pitch it would be relatively more, but in a higher 
for the four-bladed than for the two-bladed screw. 

these screws give the same number of revolutions per 
mile when revolving freely so long as the projected area of 
Sea tienen wane 2.09 at right to the axis is 
sufi pt nagages fe Recoeque’ of sanczed by. the vessel’s 
stern-post, this number is constant at all speeds of 
vessel above: 3} geographical miles per hour, at which revo- 


wing. 
17. The Griffith serew, though of the same diameter as 
the others, had a pitch so different in kind and dimensions, 
and blades so different in number and shape, that no com- 
ison can be made with them. There can only be drawn 
the .enanee conclusion, that screws with larger pitehes when 
revolving freely, make fewer ions per mile and have 
product of that number of revolutions and the pitch in 
feet a greater proportion of the mile in feet than screws of 
smaller pitches. _ : 

18. The foregoing conclusions, ough qualitatively exact 
for the kind of screws experimented with, let their a te 
dimensions friction of pitch, be 
i nod one wen | 


fractions 


th 
ted 
diameter, pitch, and 


vessels they may, yet quantitatively will be modified by all 
the circumstances just enumerated, with the exception that 
whether the same kind and quantity of surface to be 
in two blades, four blades equis around the 

ith two immediately behind the other 
two, as in the Mangin screw, the resistance when dragging 
and revolving freely will be.as stated in sixteen ; ‘and tha’ 
they will all make the same number of revolutions per mile 


of the vessel’s speed. 
accompanying Table No. I., will be found the dimen- 
sions of the ae 5 eran Gee 9 though given in 
report on propelling efficiencies, are here 
re-inserted for conveniences of reference. 

Iw the Table No. II., will be found. collected under 
appropriate headings, the numerical results of the ex- 
a e with the screws dragging under various 
con ditions. 








AvUsTRIAN Rartwayrs.—The Austrian Minister of Com- 
merce has submitted several Bills for new railways to the 
Reichsrath. One refers to the construction of the Tarvis 
and Ponteba line, to connect with the Italian network. 





THE WELLAND CANnAL.—It is reported that the tenders 
of Messrs. J. Lyons and J. Cotton and Co. are the lowest 
of those delivered for Nos. 9 and 10 sections of the Welland 
(Canada) Canal enlargement, and the contract will pro- 
bably be awarded in consequence to those gentlemen. 


SOMETHING LIKE TUNNELLING.—Our ran a 
pli ba mee oe to be in possession of remarkable an 
exclusive information concerning the St. Gothard Tunnel. 
At all events in its Fame be the 18th it states: 
“The work completed in. the St. Gothard Tunnel, from the 
Ist to the 7th of January, was 9 miles 800 metres from the 
Goeschenen side, and 26 miles 100:metres from the Airolo 
side, making a total of 35 miles 900 metres, or an average 
of 5 miles 100 metres a day ; from the 8th to 15th of Jan- 
uary 8 miles 700 metres from Goeschenen and 28 miles 300 
metres from the Airolo side, a total of 37 miles, or_5 miles 
Hy Aner maine ; from the 15th to the 21st of January 
8.060 miles from the Goeschenen, and 27.010 miles from the 
Airolo side were done, a total of 35 miles 700 metres, -or an 
average of 5.100 miles a.day., The mechanical boring has 
been commenced at Goeschenen.” Fancy a progress of 5-1 
miles per day! Inasmuch as the total length of the tunnel 
i iles the eontractors must, if the above circum- 

i i his time have worked, 
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ARCHED RIBS AND SUSPENSION 
BRIDGES, WITH THEIR AUXILIARIES. 
No. VI. 

By T. CLaxtOn FIDLER. 

WE have now briefly noticed the leading charac- 
teristics of the chief varieties of iron arched ribs 
and their correlated suspension bridges, and have 
arrived at a position from which we can review the 
advantages and disadvantages of the several systems; 
but first we may revert for a moment to the com- 
parison which has often been made between the so- 
called iron arch and its masonry prototype, with a 
view to define, if possible, the real degree of rela- 
tionship between them. 

In the British Museum there are, we believe, 
some curious examples of ancient tomb architecture, 
brought over from Asia Minor, where many such 
buildings still exist in sitz. These tombs are 
wrought in stone ; but without a careful examination 
of the material, they might be taken for wooden 
chests, framed together with great regard to the 
principles of carpentry ; planks, cross-bearers, and 
beams, morticed or halved together at the joints, 
are reproduced with the utmost fidelity, even to the 
trenails or mortice-pins; and scarcely a feature 
which we are accustomed to connect with stone 
architecture is anywhere visible. Here, according 
to Mr. Fergusson, we have an example of what 
took place in nearly every country, when men, who 
had for ages been accustomed to build in wood, 
began for the first time to build in stone. The 
wooden forms had become so closely associated with 
the structures in which they had been employed, 
that they had come to be regarded as the only per- 
missible if not the only conceivable forms for 
those structures; and in most cases some centuries 
passed away before the masonic art was able to de- 
velop any features which were really appropriate to 
the new material, The persistence of this law or ten- 
dency of human nature is as clearly illustrated now 
in the transition from stone to iron, as it was ages 
ago in the transition from wood to stone. We are 
just as careful to conceal the bolts and connexions 
of our iron framework, as these Lycian architects 
were to repeat the same details in buildings which 
had ceased to be really framed structures at all; 
and the hollow representations of heavy cornices 
and other lithic mouldings, which we hang up to 
decorate the faces of our iron bridges, show the in- 
fluence of the same desire to adhere to old forms as 
that which actuated the builders of these tombs. 

Our business, however, is not with wsthetic but 
with mechanical principles, and the question that 
concerns us is, how far we are justified by any simi- 
larity of mechanical conditions, in taking the 
masonry arch as a type or pattern for the construc- 
tion of iron arched ribs. We have already seen 
that the elasticity of the latter does not at all events 
offer any new difficulty ; and indeed the stone arch 
possesses a greater elasticity than it is perhaps 
sometimes credited with; the present writer re- 
members having repeatedly measured an elastic de- 
flection of nearly 2 in. in a masonry arch of about 
30 ft. span, under the passage of a heavy locomo- 
tive, the arch recovering its ferm every time as 
though it possessed the resilience of spring steel, 
although it was built of soft oolite stone.* 

The real difference between the iron and the 
stone arch appears to lie, not so much in the dif- 
ferent elasticities of the two materials, as in the 
totally different conditions of the two structures. 
The masonry arch, being unable in itself to resist 
any considerable bending stress, relies chiefly upon 
the horizontal or normal reaction of the backing to 
bring it into an equilibrated condition under any 
vertical load, which reaction or support it can 
readily obtain at almost any point of its surface ; 
while the iron arched rib receives its horizontal 
support only ‘at the springing, and must depend 
upon its own transverse strength to resist the bend- 
ing stresses which occur when its figure is not co- 
incident with the curve of pressures. One result 
of this difference is that a form of arch which is 
constructivély proper in masonry is not nécessarily 
so for an iron arched rib; thus the circular or 
elliptic arch, Figs. 24 and 25, when loaded uni- 
formly over the whole span A B, requires a hori- 
zontal support uniformly distributed over the whole 
rise AD in order to bring it into an equilibrated 


condition. The distributed support required by 
the masonry arch can be obtained from the backing, 
but an iron rib of the same ae abutting only at 
D, cannot possibly be equilibrated under any ar- 
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rangement of vertical load. A free elliptic rib acts 
really more as a girder than as an arch, and re- 
sembles the elliptic masonry arch in nothing but 
the outline of its elevation; and its employment is 
probably more often dictated by that instinctive 
adherence to masonry forms which we have already 
noticed, than by anything else.* 

We have throughout confined our attention to the 
parabolic arch, which with ordinary proportions of 
rise to span, will not differ materially from the seg- 
mental form ; indeed the latter will be found often 
toapproximate more closely to the curve of pressures, 
under the total load, than the other, because of the 
greater weight per foot linear of the structure near 
the abutments. An iron rib of this form will coin- 
cide with the curve of pressures so long as the hori- 
zontal force bears the same proportion to the total 
uniform load, that the span bears to eight times the 
rise, and will then act purely as anarch. We have 
seen that the fulfilment of this condition can only be 
secured by the introduction of an intermediate 
hinge somewhere in the length of the rib, whieh 
must also be hinged or rounded at the ends, With- 
out this feature the structure is liable to certain 
changes in the proportion of horizontal to vertical 
forces, which destroy its equilibrated condition and 
remove the rib from the category of the arch; and 
the structure is only able to pt itself at all to 
these changes by reason of its elasticity, and at the 
expense of a certain bending strain. 

he practical bearing of these considerations will 
be best seen by taking an example of ordinary oc- 
currence, and which will fairly illustrate the 
properties of ,the different systems. We will % 2 
pose that a single opening of 200 ft. is to be 
spanned by a wrought-iron arch of 20 ft. rise; the 
ead load is 1 ton per foot, and the rolling load 1 ton 
foot, and the working compressive strain is to 
4, tons per square inch of gross section; and we 
will now work out, for this case, the rules and 
formule given for each class. 


LingAR ARCH OR SUSPENSION CHAIN. 
The horizontal thrust at the crown of the linear 


arch will be 200 x o = 950 tons for the dead load, 


and an equal amount for the total rolling load, or 
500 tons maximum; and the theoretic sectional 
area at the crown will be 500+4==125 square inches. 

The sectional area A at the springing will 


be 1954/ 14; =135 square inches. The mean 
section of the rib may be taken as 130 square inches, 


Cass I.—R1B HINGED AT THE CROWN AND AT THE 
ABUTMENTS. 

Of the different varieties of this class, we will 
select that shown in Fig. 9, and. advocated by the 
present writer as illustrating perhaps most clearly 
the properties belonging to the central hinge. The 
maximum horizontal strain throughout the curved 
upper flange of the rib, will be that due to the full 
load, or 500--2=—250 tons, and the area at the 
summit of each curve is therefore 250+4=62.5 
square inches, The inclination of this member at the 
centre of the span and at the haunches is ] in 5, 
and the section will therefore be increased to 
6244/1 +3; =64 square inches ; in the same way the 
area at the springing will be further increased to 
73 square inches, ¥ 

In the straight lower flange of the rib the hori- 
zontal strain due to the dead load will be 250+2= 
125 tons throughout the flange, but the horizonta 





* The arch was rather a flat one ; it had eventually to be 
taken down, after developing two longitudinal 


cracks from one abutment to the other; the faces. being 


* This rémark does not apply to such structures as 
Westminster Bridge, where tho heundiioe of two contiguous 
arches are united over the pier by a continuous web extend- 





stiffened by the spandril and parapet walls, refused to par- 
take in the deflection of the central part. ! 





ing to a considerable height from the springing, and afford- 
ing a distributed horizontal sup ? 


component of the maximum strain due to the rolling 
i ill be m P ® : 
oad will be 195 (1+ 52), in which m is the 


distance from the central hinge and 4 the half ; 
at the centre of the span, therefore, it will be 
Ly orn at gtr ogtam pepe ey! and at 

e sprin ss ns. Adding the con- 
stant 195 tons fee ix dead load, and multiply- 
ing by 4/1+ 3g for the inclination, and dividing by 
the working strain, we have the required area at the 
springing 79}square inches, at the haunch 74 square 
inches, and at the crown 64 squaré inches; but we 
will not reduce the section below 70 square inches, 
and the mean united section of the two members 
therefore will be 140 square inches. : 


Cxass II.—Ris HINGED NEAR ONE ABUTMENT, 
OR STRUTTED BowstRInG. 


The arch or upper curved member of this class, 
Fig. 18, will have the same maximum. strain, and 
the same section as the linear arch. The tie or 
straight horizontal member suffers no strain from 
the dead load ; the strain due to the rolling load, as 
shown in the diagram of strains, Fig. 19, is nothing 
at the oe in the middle it is 250x0.33=— 
83 tons, and at the othefMend 250x0.5=125 tons. 
The area of this member might therefore theoreti- 
cally be 125—4—31 square inches at the heaviest 
end; 83+4=21 square inches in the middle, and 
diminishing to almost nothing at the hinge. The 
mean united section of the two members would thus 
be about 150 square inches, but it will be found 
that in practice this member must have a consider- 
ably heavier section, because an ordinary change of 
temperature causes a material alteration in the angle 
of the inclined strut, which thus throws a certain 
strain upon the horizontal member, and this strain 
in every case sagreraes the difficulty by the further 
alteration which it produces in the length of the 
horizontal member. We shall therefore assume a 
uniform sectional area of 50 square inches for the 
straight tie, and the united section will thus be 180 
square inches. 


Crass I1].—Riw HINGED AT THE ABUTMENTS ONLY. 

We have first to determine the depth of rib which 
is best adapted for this particular case ; the ratio w 
of total load to rolling load is 2, and if we assume a 
maximum alteration of span of } in. either way, 
corresponding to a total range of temperature of 
60 deg., we find after a few trials with Mr, 
Baker’s formule, that a depth of about } the rise, 
or y, the span will give the best results; the arch 
would then have nearly the proportions of the 
Coblentz bridge, but to provide against other altera- 
tions of span, we will take a, somewhat more elastic 
rib with a depth of vs the s 

Then, disregarding at first the strains resulting 
from change of form, we have the area at the spring- 
ing A=135 square inches as in the linear arch; the 


area at the haunch will be A,=135 (-t4+") = 


186 square inches, and the area at the crown A,= 
wee 160 square inches, We will suppose 
the rib to be accurately cottered up, so that no 
allowance need be made for the effect of deflection ; 
and we will further suppose the abutments to be 
absolutely immovable, and that the only strain re- 
maining to be provided for is the strain F, due to a 
change of temperature of 30deg. This will amount 


to 2/5 =0.69 tons per square inch at the - crown, 


and at the haunches we may take } of that quantity 
or 0.52 tons per square inch, ‘The useful working 
strength of the iron will thus be reduced to 4—0.69 
=3.31 tons, and 4—0.52=3.48 tons per square inch 
respectively, The area at the crown must therefore 


be increased to 160x sa =193 square inches, and 


at the haunch to 186 xa =214 square inches ; and 
the mean section of the flanges will be about 190 
square inches. i ‘ ; 
We-niay observe however in passing, that if we 
allow for an error of } in. in the adjustment and a 
yield of } in. on each pier, or if we provide for the 
wider range of temperature observed in other 
countries, we shall have to increase these areas very 
considerably, and the mean section will not be less 





than 240 square inches, ; 
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Crass I1V.—Ris wirn Frxep Enns. 

For this class of rib, which is more frequently 
employed than any other, a very usual proportion 
show dins ph ah Tog the rise or », of the span; and 
if we fix the section of the flanges by Mr. Baker's 
rules, that proportion of depth will give nearly the 
lightest flange for the case now beforeus. Neglect- 
ing at first the effect of change of form, we then 
have for the area of rib at the springing A,—135 


(te) =186 square inches, and the area at the 
crown A,= 186+ 186 100 square inches. 


Assuming, as before, that the only additional 
strain is that due to a variation of 30 deg. in tem- 
perature, the value of that strain will be, at the 
"6.15 


1,03 tons per square inch, 


and at the crown F, = = 0.825 tons per square 


springing F, = 


inch ; the useful working strength is therefore re- 
duced to 2.97 tons per square inch at the springing, 


materially affect the relative positions of the diffe- 
rent systems in the scale of economy. 

The advantage of the intermediate hinge, as 
shown by this calculation, is chiefly due to the fact 
that it enables the arch to adapt itself to the small 
alteration of 4in. in the span without any sensible 
strain; it may, however, be questioned how far 
this will hold good for more extensive changes of 
form. The absolute dependence of the structure 
upon the horizontal support of its abutments is ap- 
parent at a glance, and it is also evident that the 
more the span is enlarged, the greater will be the 
thrust of the jointed rib, which, acting like a toggle 
joint, will follow up any yielding of the abutments 
with a pressure that would increase very rapidly 
after a certain point was reached. If this increase 
of pressure is calculated for each successive inch of 
spread, the advantage of having the hinge in the 
centre of the span instead of near one end will be- 
come very apparent. Assuming, for the strutted 
bowstring of Class II., a length of strut of 10 ft. 
measured horizontally, or sth of the span, we shall 
find that the first inch or two of spread produces 








structure to a viaduct of several spans will be a 
problem of quite another , and it is evident 
that the hinged rib which we have found to be well 
adapted to the bridge of one span, will not, in its 

resent form, be at all applicable to the viaduct, 

t may, however, in common with other systems, 
be advantageously applied to a suspension bridge of 
three spans, each side span being a repetition of one- 
half of the centre span. 

A sketch illustrating the construction of a bridge 
of this type is given below. The form of the 
main span is the same as_ that which we have con- 
sidered under Class L., Fig. 9, and the formule 
already given for that case will apply equally well 
to this. The upper members, though always acting 
in tension, are of plate built construction to insure 
greater rigidity, while the lower curved members 
are chains composed of the ordinary rolled links; 
the only members which are liable to a compressive 
strain are the vertical struts of the bracing be. 
tween the two members; these are stiffened by a 
light lattice bracing, which is continued between 
the suspenders down to the roadway girder, in order 








and to 3.175 tons per square inch at the crown; 
the required sectional areas will then be increased to 


+ : 4 

186 x 97 251 square inches, and 160 x 5176 

201 square inches respectively. The mean area of 
the flanges will thus be about 220 square inches, 
but in making allowance for the wider variations 
above mentioned, we shall have to almost double 
these areas, if we wish to keep the working strain as 
low as 4 tons per square inch. Indeed, if any 
greater alteration of span is to be anticipated than 
the } in. first allowed for, it will be more economical 
to turn the arch into an ordinary bowstring or a 
tied arch ; for assuming a working tensile strain of 
5 tons per square inch for the tie of the bowstring, 


its area would be see =100 square inches, and the 


mean area of both members wovld then be only 230 
square inches. So far as economy of material is 
concerned, we find then that our four classes of 
arched rib stand in their numerical order, and form 
an ascending scale between the linear arch and the 
a — the area of flanges for each class 
being as follows : 


square inches. 
Linear arch - - 130 
Arched rib, Class I. 140 
os Class II. 180 
9%” Class III. 190 
” Class IV. 220 


These areas are of course exclusive of the web or 





only a moderate compression of the horizontal 
member (whose section we have taken as 50 square 
inches); but after this the strain increases very 
rapidly until, with a spread of 5in., aided by the 
shortening of the horizontal member, the toggle 
joint comes down to the straight position and 
squeezes through, after subjecting the member to 
a ——— strain of about 20 tons per square 
inch. 

When the hinge is in the centre of the span this 
knuckle joint action does not agrees come into 
play ; with a spread of 5 in, the compressive strain 
in the lower member is still only 4 tons per square 
inch, and to bring it up to 5 tons per square inch it 





enough to cripple any rib that was not jointed at 
| the centre. 
| In applying the formule given for the different 
| varieties of suspension bridge, it must be borne 
| in mind that the deflection due to the stretching 
| of the chains under the load, and the resulting flange 
strains F in bridges of Class III. and IV., will be 
proportionately increased by the simultaneous 
stretching of the backstays or chains of the side 
spans; and the alteration of span by change of 
temperature and resulting flange strains F, will be 
similarly affected. The strains F and F, will, there- 
fore, have to be multiplied by a coefficient, which 
in most cases will lie between 1} and 2, 

Our investigation has throughout been confined to 
the case of an arch or suspension bridge crossing a 





bracing, the weight of which will not, however, | single opening; the application of either form of 














to prevent any lateral oscillation or chattering. 
The motion of the saddles upon the towers, is of 
course only what is due to the expansion of the 
straight upper members of the side spans by heat 
or strain ; the motion which occurs in an ordinary 
suspension bridge, in restoring equilibrium between 
the loaded and unloaded spans, p not here take 
place. 


NOTES ON TORPEDOES.—No. V. 
Many who have watched with interest the remark- 

able progress which, during the last few years, 
been made in the science of submarine warfare, 





‘ ; : , 1it | and noted the various inefficiencies in these truly 
will require a spread of 13 in., which would be quite | 


formidable contrivances, have — judging by the 
many failures attending the use of stationary or 
moored torpedoes, as employed by the Russians 
during the Crimean War for the defence of 
Sebastopol and Cronstadt, and subsequently by 
the Americans during the Civil War between the 
Northern and Southern States—come to the con- 
clusion that of all types the moored torpedoes are 
in all probability the weakest; how far this con- 
clusion is likely to be borne out by fact remains 
for the future to decide. But that even the 
present systems of submarine mines, subject a8 
they are to material drawbacks from causes that 
will hereafter occur, would prove of far greater 
practical importance in future naval {warfare than 
such appliances as the Harvey torpedo, which could 
only be used against an enemy taken by surprise, 
must be obvious to practical and unprejudi 
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observers. Many failures certainly occurred in the 
application of moored submarine mines during the 
periods named, but these chiefly arose from hurried 
construction or faulty electrical arrangements. 
That they may be rendered effective is evident, 
from their successful application by the Austrians 
to bar the entrance to Venice. 

It is not surprising that the extemporised 
torpedoes resorted to by the Russians, should have 
failed; indeed, it would have been more a matter 
for surprise had they proved effective consider- 
ing the class of — employed, consisting 
principally of barrels filled with gunpowder, and 
fitted with friction tubes for igniting the charge. 
The uncertainty of their action arose partly from 
the tar or other waterproofing compound with 
which the barrels were coated being insufficient to 
repel the damp, the explosive in consequence be- 
coming deteriorated; and partly from the cord 
attached to the friction fuse, and leading to the 
operator on shore, becoming rotten after about four 
months’ immersion; thereby rendering the ex- 
plosion of the charge at an indefinite period a 
matter of uncertainty. It is quite unnecessary to 
add, that to judge the capabilities of the present 
system of submerged topedoes from contrivances 
such as those just described, would be simply absurd. 

It is obvious where stationary torpedoes are em- 
ployed, that unless a vessel comes within a destruc- 
tive range, which late experiments have proved to 
be quite contracted, no injury would result ; the 
difficulties in the way of rendering efficient the 
present system are, in consequence of this, con- 
siderably increased, assuming an aspect by no means 
promising to the followers of this branch of 
science. The difficulties alluded to will be more 
readily understood by comparing two very elaborate 
and costly series of experiments made by the British 
Government. The first was instituted with a view 
to ascertaining the proximity with which submerged 
charges of 500 Ib. of compressed gun-cotton could 
be moored one to another, without danger of the ex- 
plosion of one injuring neighbouring charges ; and 
the second to determine the destructive range of the 
said charges, when employed against an ironclad 
vessel of the Hercules type. 

The first series of experiments to which we refer, 
were made in the Medway, and terminated in De- 
cember of the year 1870; their object being, as 
already stated, to determine the distance at which 
submarine ground mines by explosion would damage 
neighbouring charges. The charge in each experi- 
ment consisted of 432 lb. of compressed gun-cotton 
contained in a cylindrical case constructed of , in. 
best iron plate. 

SUBMARINE MINING EXPERIMENTS. 
Medway, 1870. 

In the first experiment the charge was 

under 27 ft. of water, similar cases filled with coal 


dust being moored at intervals of 110 ft. and 120 ft., 
as shown by the accompanying figure, To the mine 








at 110 ft. distance was attached a jacketted charge 
case, fitted with Professor Abel’s large circuit-closer ; 
the ends of the case were sunk in, the cap of mouth 
carried away, and the top of fuse with wires cut off. 
The body of the circuit-closer case was uninjured, 
but the india-rubber collar on the neck of circuit- 
closer was loosened, and water found inside. 

The mine, 120 ft. distance from the explosion, 
consisted of an Elswick case and Mathieson’s circuit- 
closer (old pattern), the end of charge case flattened, 
the por guard of fuses collapsed and fuses discon- 
nected, the dome of circuit-closer dented ; apparatus 
still signalled and insulation good. 

In the second experiment the charge of 432 lb. of 
compressed gun-cotton was placed under 47 ft. of 
water, charges from 70 ft. to 200 ft. distance. The 
case at 200 ft. was dented, but did not leak. 

In the third experiment a buoyant charge was 
moored under 27 ft. of water and 27 ft. fromthe 
bottom, charges at a distance of 70 ft. to 200 ft. 
The case at 70 ft. was destroyed; that at 115 ft. 
distance was slightly dented, but did not leak ; at 


laced “= 





180 ft, and 200 ft. the charges and circuit-closers 
were uninjured. 






































The second series of experiments terminating 
November 28, 1875, were instituted to determine 
the probable range at which a-submarine ground 
charge of 500 lb. of gun-cotton would demolish a 
vessel endeavouring to pass its station. In order 
that the investigation might be as thorough as 
possible, the Oberon, an iron paddle-wheel vessel 
of 800 tons burden, was fitted with sides and bottom 
corresponding to those of the Hercules; witha 
view to rendering it a fair representative of a 
modern ironclad. ‘This, however, she was not 
actually, neither could she be, unless she had been 
made in all respects into the actual type of vessel 
for which she did duty. And for this reason, al- 
though the experiments have been the most thorough 
and costly that have yet been carried out, the results 
cannot be accepted as conclusive, until it has 
been practically shown how far the inertia of the 
ship may effect the question at issue. But this 
much has been clearly proved, that the present 
system of defence by heavy ground charges is not 
so satisfactory as had at first been supposed. 

The experiments, which concluded when the 
vessel in question was no longer in a state to repre- 
sent a ship on service, extended over a period of 
above ten months. In every case the charge was 
the heavy one of 500 lb. of compressed gun-cotton, 
equivalent to 2000 lb. of powder, exploded at a depth 
of 48 ft. under water; and on every occasion but 
one the charge rested on the ground, The object 
of the investigation was to ascertain the actual 
power of the charge when brought nearer to the 
vessel horizontally, until it was fired vertically 
underneath her starboard side. The position occu- 


pied by each charge is shown in the accompanying 
diagram. 











EXPERIMENTS TO ASCERTAIN THE EXPLOSIVE EFFECT 
OF SUBMARINE MINES. 
Hamilton Shoal, Portsmouth. 

Experiment 1, made August 6.—Charge exploded at 
a distance of 100 ft. horizontally from the starboard 
side. ‘The effect produced on the vessel was at first 
thought to be serious, but proved on more careful 
examination to have merely occasioned the dis- 
placement of sundry tubes, the leakage from which 
gave rise to the supposition. 

Experiment 2, ~~ 4 21.—Charge moored at 80 ft. 
horizontally from the starboard side, depth same as 
before ; effect slight. 

Experiment 3, September 5.—Charge moored at 
60 ft. horizontally from the starboard side; effect 
still inconsiderable. 

Experiment 4, September 2€.—Charge moored 48 ft. 
from starboard side ; this time the effect was con- 
siderable, her engines being severely injured, and 
condenser broken ; indeed the injuries received were 
such as to render it doubtful whether the vessel could 
have proceeded on her course. ; 

Experiment 5, November 12.—The starboard side 
of the vessel having suffered considerably, it was 
deemed advisable to transfer the attack to the port 
side, the charge to be placed at a distance of 30 ft. 
horizontally from the ship, and exploded under the 


‘| which they are placed, 


same conditions as before. But on sounding, the 
depth was found to be 72 ft.; it was therefore 
necessary in order to avoid altering these con- 
ditions, to suspend the ch 24 ft, from the 
bottom. The effect was much less than on the 
previous trial, when the mine was placed 48 ft, hori- 
zontally from the vessel's side, thus clearly eluci- 
dating the disadvantage of buoyant torpedoes as 
compared with ground charges. 

Experiment 6, November 28.—The attack against 
the starboard side was resumed; the charge was 
moored 30 ft. horizontally from the vessel at a selected 
part. This time the effect was very much greater, 
water casks and the ship's thwart plates were 
affected and serious leakage and injury occasioned. 

Experiment 7.—The charge was now brought 
vertically under the starboard side of the vessel, 
which on its explosion became a complete wreck, 
the shock was so tremendous as to leave no doubt 
that the vessels back was broken, although it yet 
remains to be seen how far her actual bottom plates 
have suffered, and what dislocation of her structure 
may have taken place. This will materially affect 
the question at issue, as it will tend to show how 
far the inertia of a vessel may aid or resist its des- 
struction ; since it is obvious that the greater the 
tonnage of the ship,&he more firmly will it resist 
the shock of the explosion; the strength of the 
ship has also to be considered, as the whole structure 
of the vessel must necessarily feel the strain thus 
brought to bear against it. 

The eruption of water occasioned by the explo- 
sion of a 5001b. submarine mine will be more readily 
conceived by a reference to the annexed sketch, 
taken from an instantaneous photograph of the 
column of water thrown up by the explosion of 





432 Ib. of ey cei gun-cotton placed under 27 ft. 
of water, the height of column from centre of base 
to the apex 81 ft., and the diameter of base 132 ft. 
It is clear from the foregoing experiments against 
the Oberon, that the range at which submarine 
mines are likely to prove effective is very much less 
than had previously been supposed ; this will neces- 
sitate the employment of a larger number of charges; 
and in this of course lies the difficulty, it having 
been clearly shown that the closest proximity in 
which buoyant torpedoes may be moored one to 
another with safety is 180 ft., while the distance 
intervening between ground mines of a like charge 
is even greater, ranging at about 200 ft., the dis- 
tance varying slightly with the depth of water under 
In consequence therefore of 
the distance at which the charges are necessarily 
moored apart and the limited range at which an effec- 
tive blow may be struck, a wide margin of safety is 


"| allowed for vessels endeavouring to pass their stations. 


And then again,' were the charges to be moored in 
closer proximity without altering the class of 
o— at present employed, the probabilities are 
that the firing of one would ex lode the mines ad- 
oes to it, and thus create a breach of indefinite 
ength through which any number of vessels might 
pass with comparative safety. 

In order to avoid such a catastrophe as this 
would prove to the defenders, it will be necessary 
to alter the form of torpedo cases at present em- 
ployed, and so to arrange the self-acting circuit- 
closing mechanism, that the circuit shall only be 
closed on the actual contact of a ship with the 
buoyant vessel enclosing it, or from the shore, at 
the will of the operators in charge at the firing and 
converging stations. 

The ways and means for effecting this are 
numerous, as we shall endeavour to show in the 
following chapters; and it will be seen that 
it is necessary to select such arrangements as 
possess the greatest possible strength combined 
with lightness, durability, and simplicity, in 
all exterior arrangements, With regard to the 
great disadvantage at which buoyant torpedoes act 
as compared with ground mines, shown incidentally 
by the fifth experiment against the Oberon, we 
may observe that the discovery is by no means 
new: indeed the disadvantage must be so apparent 





that any practical investigation made for the 
express purpose of elucidating this particular would 
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be entirely superfluous. Hence it is usual for 
buoyant torpedo cases to be made of sufficient 
capacity to contain 500 lb. of compressed gun- 
cotton, while those placed under the same depth of 
water (27 ft.) but resting on the ground, contain 
only 250 Ib., or half the charge requisite for buoyant 
torpedoes, to which, under the above conditions, 
they are equivalent, 








LEGAL INTELLIGENCE. 
Tue Rartway CoMMISSION. 
(Before Six F. Pert, Me. Macnamara, and Mr. Price.) 


The East and West Junction Railway Company v. the 
Northampton and Banbury Junction Railway Com- 
pany. 

YesterDAy week the Railway Commissioners gave 

judgment in this case, which includes some points of in- 

erest for our readers, The case, which was first brought 
before the Commissioners{on the 14th ult., was an applica- 
tion under section 8 of the Regulation of Railways Act of 

1873 to determine certain differences which have arisen 

between these two companies, as to the use by the former 

of a Fairlie locomotive on the line of the latter. By section 

126 of the Railway Clauses Act of 1845 all such differences 

are to be settled by arbitration, which power, by the Act of 

1873, is vested in the Commissioners. 

The applicants were represen by Mr. Merrick (soli- 
citor) and the ndents by Mr#®urt (solicitor.) 

The East and West Junction Railway Company incor- 

rated in 1864, have power to use fully and freely at all 
imes and for all their traffic so much of the line of the 

NortLampton and Banbury Railway as is situate between 

a junction of the two lines, in the parish of Towcester, in 

the county of Northampton, and the London and North- 

Western Railway at Blisworth, together with all stations, 

sidings, watering places, water approaches, tanks, works, 

and conveniences appertaining thereto, and necessary or 
useful for working such traffic. In 1876 an agreement was 
made between the two companies whereby the East and 

West Company bound themselves to provide at their own 

expense in all things all locomotive power, and to perform all 

shunting and haulage services necessary for the conveyance 
of their iron ore traffic over the tary vod and Banbury 
line. For this purpose the East and West Company procured 

a new engine of great hauling power of the type known as the 

‘* Fairlie engine.”” For some months this engine has been 

in use and found of the greatest service, neither, as the 

East and West Company contend, has it effected’any injury 

whatever to | Bec of either company’s line. The 

Northampton an bury Company, however, objected to 

the use of this particular engine, on the ground that it 

could not be run over their line with safety, owing to its 
exceptional width. The East and West Company have been 
unable to remove the objections of the Northampton and 

Banbury Company which they contend, are due not so much 

to the width or any other peculiarity of the Fairlie engine 

as to the fact that between this company and the North- 

Western Company there is an alternative route, the use of 

which would materially affect their traffic. The East and 

West Company accordingly filed a Bill in the Court of 

Chancery in October last to restrain the Northampton and 

Banbury Company from interfering with or stopping any 

of their engines, but as a decision could not be speedil 

obtained without pores to the case raised by the Bill, 
they submitted the question of the fitness of the Fairlie 
engine for the decision of the Commissioners. 

he Northampton and Banbury Company maintain in 

their answer that their objections are honestly made, and 
not from any desire to interfere with the applicants’ traffic. 
That the Fairlie engine is too wide and too heavy to be 
used with safety on their line, but inasmuch as there is not 
at present sufficient prospect of damage being done by the 
excessive weight to their permanent way or bridges, they do 
not intend to rely for the present/on that objection. But with 
regard to the width, their objections are very strong. The 
width of the ordinary engines in use on their Tine is 7 ft. Gin., 
whereas the width oi this particular engine is 10 ft., and 
by reason of this excess the — cannot be brought up to 
the aes platform of the Blisworth station, and over- 
hangs to the extent of 4 in. or 5 ir. the passenger platform 
of the Towcester station, which is a cause of danger to 
passengers and others using that platform. In the Blis- 
worth goods yard and on the sidings and at crossing places 
it is also maintained that this excess of width is the cause 
of much inconvenience, which might at any time result in 
danger. Over and above these facts it is further alleged by 
the Northampton and Banbury Company that there really 
is nothing in the traffic of the East and West Company, on 
their own line, which can make it necessary to employ an 
engine of any unusual power. 

Vith regard to the 4 in. or 5 in. of the engine footplate 
which overlap the Towcester platform, the Kast and West 
Company state in their reply that even this extent would be 
reduced were the platform in proper repa‘r and at the ordi- 
dinary distance from the rail. With regard to the Blis- 
worth Station, they have not yet attempted to run this 
engine alongside the platform there, though if that platform 
also were in the proper condition there could be no danger 
or inconvenience in their so doing. As, however, the engine 
is used for mineral and goods traffic only, they are willing 
to waive the question of a platform provided the yards and 
sidings are open to them. They also point out that the 
engine has been in use for five months over the lines and 
sidings of both companies, during which period no accident 
or casualty of any kind has occurred nor any damage done. 
On the case being opened, Mr. Burt objected, on the ground 
of the Chan ings, to its bei proceed 
with, but the Commissioners decided to it. 

Mr. Robert Fairlie, the inventor and patentee of the 


ed | way Com 





‘« Fairlie engine,” was called on behalf of the applicants. 
With the aid of a model and some ph: phs he explained 
the nature and the merits of his invention, which was first 

ected in 1864. He maintained that it was an engine 
which could do the work of any two common engines, with 
far less wear and tear to the line, owing to the absence, 
even on the worst road, of any oscillation, which was due to 
the fact that the great mass of weight is placed in the 
centre. With regard to the width, it was not such as to 
interfere in any way with a line of railway ; and, in fact, 
there were common engines, doing less work and less handy, 
of equal width. The particular ine in question was 
originally built for a line in Peru, which did not, however, 
find payment convenient when it was finished, and so it 
passed into the hands of the East and West Junction Com- 
pany. Such engines were notin useon any English narrow 
gauge line, but on one of the Welsh lines one was then 
running 9 ft. 9in. wide. The width of the engine belonging 
to the applicants he believed to be 10 ft. A Fairlie engine 
10 ft. 6 in. wide ran for some time on the Midland Railway 
and afterwards worked on a Welsh line. Another Fairlie 
engine of the same width has been tried over the Man- 
chester, Sheffield, and Lincolnshire line. The width of 
ordinary engines extended to 8 ft. 10} in. 

Mr. Thomas Jackson, of the locomotive department of the 
Midland Railway at Kentish Town, and Mr. Henry Brown, 
formerly assistant locomotive superintendent of that com- 

ny at Derby, expressed their satisfaction with the per- 

ormances of the Fairlie engine used on the Midland Rail- 

way (which was brought to their line from the Bricklayers’ 
Arms Station, and over the Chatham and Dover line) and 
the immunity from accident or damage. — 

Captain J. P. Luckraft, R.N., the engineer and manager 
of the Burry Port and Gwendreath Valleys Railway, stated 
that his company had worked two Fairlie engines for 
several years without accident or damage of any kind, and 
their performances had been most satisfactory. e of such 
engines was 9 ft. 9 in. in width, or only 3 in. narrower than 
the East and West Company’s engine. That engine had 
gone from Wales to Sheffield over the lines of other com- 
panies, and returned without being dismantled or reduced 
in any way, and without any damage having been caused. 

Mr. W. H. Maw gave evidence as to the weight and width 
of engines and rolling stock in use on the principal English 
railways, and also as to the effect of the Fairlie engine under 
consideration upon a bridge of 40 ft. span, to which special 
reference had been made by the respondents. As regarded 
this bridge he stated that in consequence of the manner 
which the weight was distributed the Fairlie engine would 
throw a less strain on the structure than would be induced 
by loading the bridge with many types of ordinary locomo- 
tives at present in regular use. 

Mr. J. F. Burke, the traffic manager and engineer of the 
East and West Company, having also been called, and the 
several witnesses having negatived the alleged destructive 
influence of the weight which was during the —— 
as an additional objection by the respondents, Mr. William 
Jacomb, chief resident engineer of the London and South- 
Western Railway was examined for the defence. He had 
examined the line in question especially for the purpose of 
the present inquiry. He was of opinion that both on Tow- 
cester and Innes bridges the space between the parapet and 
the outer rail was not sufficient when one of these engines 
was passing, and such want of space would be dangerous 
to persons employed on the line atthe time. At the sidings 
at Blisworth such elements of danger would, in his opinion, 
be increased, as the shunters and other men about would 
not have room to work. Any ordinary engine would, he 
considered, do the work required, and if one was not suffi- 
cient two could very easily be put on. 

Mr. John Wilson Theobald, secretary and general 
manager of the Northampton and Banbury line, who was 
called on the same side, considered that any engine of a 
width beyond what the men on the line and at the stations 
were accustomed to must be considered dangerous. He 
altogether denied that there was any motive in the action 
of his company beyond that of anxiety for the public safety, 
and said that if the use of the Fairlie engine was eventually 
allowed, it would be used entirely at the responsibility of 
the applicants. He admitted, however, on cross-examina- 
tion, that he did not consider that the interests of the East 
and West Company were altogether identical with those of 
his own line.; 


After hearing the address of Mr. Burt on behalf of the 
respondents, and the reply of Mr. Merrick on behalf of the 
applicants, the Court reserved their judgment, and subse- 
quently the Commissioners to visit Blisworth and 
examine the engine and stations, &c., which had been re- 
ferred to. After making this visit of inspection, Sir F. 
Peel on the 2nd inst. delivered judgment as follows : 

“The East and West Junction Railway Company have 
the right of running over five miles of the Northampton 
and Banbury Railway, from their junction with it at 
Green’s Norton to Blisworth, and are desirous of using or 
bringing upon such railway a Fairlie engine, as it is called 
from the name of the inventor and patentee. This engine 
the Banbury Company consider to be unfit for their rail- 
way, and the question of unfitness has been referred to us 
under the 115th Section of the Railway Clauses Act, 
1845, which gives a company power to object to an engine 
epee te be used upon their line, and refers any 

ifference between the company and the owner of the 
engine to arbitration. The reference has been made at the 
instance of the Junction Company. The engine carries its 
own load of fuel and water, and has no tender, and in full 
working trim weighs from 60 to 70 tons. The Banbury 
Company do not themselves see at present any prospect 
of damage from this weight to their permanent way 
or bridges, but one of their witnesses, Mr. Jacomb, chief 
resident engineer of the London and South-Western Rail- 

; pany was of opinion that the Towcester-road 
bridge of 40 ft. span was liable to be overstrained when 
the whole weight of the engine, which is not of less length 








than the bridge, rested on the structure. But, as a witness 
ype 0h my meine fe Taoed teal the bridge 
say, when the engine is centrally on ) 
the weight, from the way in which itis carried, falls more 
on the ends of the girders, and the strain is not such as when 
the centre of one bogy is over the centre of the — 
In this position, however, part of the engine is not on the 
bridge at all, and thus the maximum strain obtainable is 
reduced to that caused by an ordinary engine, and as the 
Fairlie engine has run over the bridge ost daily since 
last September, and the bridge has stood the test, the 
weight of the engine does not, in our view, disqualify it 
from running on the railway. But the great objection 
made to the engine is its more than ordinary width. 
It is 8ft. 7in. wide for a | b of 6ft. at each end, 
and 9 ft. wide for the rest of its length, and where 
it is 9 ft. wide there is, besides, a footplate or ledge on each 
side, at a height of 4ft. Gin. from the und, project- 
ing 6 in., and this makes the extreme width 10 ft. the 
line is a single line it would only be at particular points 
that an engine of extra width could take up too much 
room ; but the Banbury Company say that there are such 
points on their line, and they specify the sidings in the 
yard at Blisworth, the mger platform there, 
and at Towcester station, and two bridges, as places 
where the engine cannot be used without special 
risk of accident being incurred. Since the hearing we 
have ourselves been over the railway, and have inspected 
each of these places. The bridges are constructed fora 
double line, and the single line fia occupies the relative 
ay of one “ = a Qs outer rail being 4 ®. 
rom the pet wall, and as the engine projects at the 
level of the footplate 2 ft. 8in. on either side of the 
track, a space of 1ft. 4in. is left between the side of the 
bridge and the side of the engine. We were referred to a 
tion of the Board of Trade as showing that this 
space ought to be 1ft. more; but the tion refers to 
the space between structures on a line and the sides of pas- 
senger carriages, and has no bearing on the case we are con- 
sidering. As there is room to stand in the clear space, we 
do not think the engine unfit to cross the bridges ; but we 
recommend that the Junction Company should put up a 
caution to eee and others to stand on the open side 
of the bridges when a train passes, and that the engine 
should slacken speed before arriving at the bridges, and 
should not cross at any greater rate of speed than {0 miles 
an hour. We do not think it a likely source of y that 
the 6in. footplate on the side of the engine overlaps the 
passenger platforms at the Towcester and Blisworth 
stations at a height above them of 2 ft. 6in. in one case and 
2ft. 2in. in the other. The overlapping is made more ap- 
rent by the irreguiar shape and bul out of the plat- 
orms, which if they stood in the line of their original con- 
struction would not, with the engine alongside, have the 
footplate more over them than would be the case if the foot- 
plate, which has already been reduced 3 in. in width, were 
reduced 2 in. or 3 in. more. With{regard to the sidings at 
Blisworth, there is more than the usual 6 ft. space between 
them except at the point of exchange between the railways 
of the London and North-Western Company and the 
Banbury Company, at which point the interval between 
the sidings is so constructed as not to be more than 5 ft. 
8 in. wide. Although an engine moves slowly when shunt- 
ing, and the Fairlie engine is particularly handy and under 
control, it should not, we think, be employed upon 
sidings where the between space is under 6 ft., but as to 
sidings which are that distance apart. from each other, and 
which belong to the Banbury Company at Blisworth, we 
do not see that any special danger is to ke apprehended from 
working upon them with this engine. We decide, there- 
fore, that the engine is not unfit to be used upon the line of 
the Northampton and Banbury Company, over which the 
East and West Junction Company have running powers 
under their Act, distinctly at the same time not approving 
of its being taken upon sidings at the Blisworth terminus 
where the free space on either sideis under 6 ft. We make 
no order as to costs.”’ 

The case was conducted by Mr. Merrick, solicitor, on 
behalf of the East and West Junction Railway Company, 
and Mr. Burt, solicitor, on behalf of the Northamptonn and 
Banbury Junction Railway Company. 








Tue ImperIAL Gas Company.—As we have already 
noticed it has been agreed between this and the Chartered 
Company to amalgamate with the Independent Company, 
so that about three-fourths of the capital of the London 
Gas companies will be in the hands of one corporation, if 
the Bill now before Parliament become law. The result is 
highly probable, since the Companies, the City Corporation, 
the Metropolitan Board of Works, and the Board of Trade, 
have nearly arrived at an ment. At the last meeti 
of the shareholders of the Imperial Company it was sta 
that at the end of December, 1875, the profits for the half- 
year enabled the company to pay the full allowance of 10 
per cent. per annum, as A dase 4 by the Act of incorpora- 
tion. At that period the authorised stock and share capital 
amounted ‘to 2,860,0001., which, with loan capital to the 
extent of 498,0001., made a total of 3,358,000/. capital, of 
which 3,352,182/. had been paid up. Of this 2,854,182. 
was share and stock capital, the loan capital of 498,0001. 
having been all paid up. The total amount of capital on 
which 10 per cent. was paid amounted to 1,560,000). The 
loan interest varied from 4 to 5 per cent. The total receipts 


for the half-year amounted to 498,1801., of which 328,8121. 
was from the sale of gas. The resi products gave a total 
sale value of about 123,0001. On the side of expenditure, 


coal cost 194,7201., the carbonising wages were 31,0601, 


repairs, &c., 38,4921., the ining items being rally 
of smaller comparative amount. ‘The total of expenditure 





328,3601., was almost exactly that of the gas revenue above 
a ie ee 
7 
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PISTON RODS FOR HORIZONTAL ENGINES. 
To THE EprToR oF ENGINEERING. 

Srz,—Inthe description of my plansfor i 
for horizontal engines in your number for 25th 
noticed that my address was given as 34, St. A: 
terrace, instead of 34, St. Augustine’s-road. 
kindly insert this correction. 

As you have already replied so conclusively to the letter 
from Mr. J. Head in your last week’s number, I feel it 
would be almost presumptuous upon my part to add any- 
thing, except to say that I am pleased to see from the ex- 
tract given, that the necessity for an efficient plan of carry- 
ing the a pistons of horizontal engines on outside 
guides has much desired. 

Respecting priority of invention, the date of the patent 
(2nd Jans, 1875) is sufficient, and if it would serve any use- 
ful purpose, I should have no difficulty in proving that the 
whole arrangement was worked out in detail as early as the 


end of 1872. 
Yours obediently, 
. SCHONHEYDER. 
March 7, 1876. 


jiston rods 
ebruary, I 
tine’ s- 
ill you 


London. 








WEIGHING A BEAM OF LIGHT. 
To rue Eprror or ENGINEERING. 

Sir,—The solution offered by your correspondent 
“H.C. P.” in reference to the interesting experiment 
recently recorded in your columns entitled ‘‘ Weighing a 
Beam of Light,’’ deserves, I think, more than a mere 
passing note. 

Like your correspondent most scientists associate weight 
with matter, and considerable effort of the imaginative 
power is required to believe particles of matter, however 
minute, can be projected through space with the velocity 
we know light travels ; it is from this velocity—independent 
of the fact that light is invisible—that no hope can be held 
out of our determining any deflection of a ray of light from 
the action of gravity ; moreover, if light suffered deflection 
from gravity it would, of course, be subjected to the fierce 
power of the sun when emanating from that luminary, and 
as the power of gravity decreases inversely as the square 
of the distance, of necessity the velocity of light would vary 
as matter varies in velocity according to distance. 

Now itis a fundamental and proved truth of science that 
the velocity of light is perfectly wniform, wholly irrespec- 
tive of distance, and I think if this fact passed under the 
consideration of the learned author of the experiment, he 
would be inclined to discard altogether the word weight in 
his deeply interesting experiment, and seek from chemistry 
the true solution of the obtained motion. 

I am, Sir, your obedient servant, 
R. SHEWARD. 
Engineer, Royal Mint. 


CARTER’S DISINTEGRATOR. 
To THE EDITOR OF ENGINEERING. 

S1r,—Mr. Edward Wilson, of Exeter, in a letter printed 
in your last issue rik he cannot allow the description of 
our disintegrator which appeared in your impression of 18th 
ult. to pass unnoticed, because it states that our machine 
‘* possesses several special features and improvements which 
render it worthy of notice.’” Why these improvements, or 








the description of them, should render us hable to the in- | da: 


fliction of a notice from Mr. Wilson we do not know, and 
we will answer his first assertion, that he is the maker of a 
disintegrator containing most of the improvements now 
patented by us, not by pitting our statement against his, 
but by requesting any one interested to com our re- 
spective patent specifications, assured that m them will 
tae sg the best possible refutation of Mr. Wilson’s 
claims. 

Mr. Wilson is “certain it is impossible to grind toa 
uniform sample with screens as deseribed,”” and straightway 
proceeds to invent a very clumsy theory to prove his asser- 
tion. His theory, however, is, unfortunately for him, un- 
mistakably contradicted by the facts. 

That our disintegrator does grind to a uniform sample is 
a fact that even Mr. Wilson would perforce admit, after 
inspecting the eure which we send you with this com- 
munication, and which we pledge ourselves are exactly in 
the state in which they came from the machine without 
dressing or sifting inany way. We leave you, Mr. Editor, 
to say, for the benefit of your readers, whether they are 
uniform or not. 

We are at a loss to know why Mr. Wilson should so 
specially wish it to be known that he b: ht out what he 
calls his mill—but which is rightly Peacock and Wilson’s 
patent—in 1870, unless he desires it to be inferred that he 
was the ori inventor of disintegrators. That, how- 
ever is not the case. 

That we have adopted. Mr. Wilson’s system for impal- 
pable grinding we wa | deny—ind for impalpable 
crinding, wroperly so called, we should not consider itat 
all adapted T 
than any one’s else. 

; In —— we will ey remark that Mr. Wilson, in 

© confidently affirming the impossibility of producing a 
uniform sample through our screens, id Goblets bom 
giving the results of work done by his own disintegrator, 
which, we can readily believe, does not achieve the much 
wished uniformity. 

Having thus pisinly stated the facts, we shall be content 
poe ~ Ee Be the judgment of those interested 

. neither time nor inclinati 
war with Mr. Wilson. ra tr ay 
“ent 
ROTHERS. 
Mark Lane, E.C., Fowk 6 1876. 
received from Messrs. Carter Broth i 
the above letter are — 


remarkabl: . , 
can be judged by the touch, perfectly uniform Eo. ] 





he return air pipe is no more Mr. Wilson’s | C: 


BARKER'S HYDRAULIC BRAKE. 

WE notice that Barker’s hydraulic brake is now obtain- 
@ more extended application. Several trains upon the 
Great Eastern Railway are fitted with it, and it is also in 
use upon some Midland trains running between Bradford 
and Leeds. It has also found a partial application on the 
London Bridge, Victoria, and Crystal Palace trains of the 
London, Brighton, and South Coast Railway, and very 
shortly it will be employed on a Midland train between 
Bedford and London. Our readers will be familiar with the 
arrangement of this brake from the drawings and description 
we published in ENGINEERING (see page 29, vol. xix.). The 
experience with this brake under various conditions is now 
sufficiently extended to indicate fairly how far it may be 
relied upon in ordinary working, and some trials recently 
made upon the Midland Railway, under the supervision of 
Mr. W. H. Adams, of the Locomotive Department at 
Derby, afford some data as to its promptness. The trial 
was made with a train consisting of ten carriages each, 
with the hydraulic brake, and a guard’s van not so fitted. 
We record two of the stops made on that occasion: § 














Speed of Train : Approximate 
= tn Miles r as 20 Distance run 
A} Hour when ie after appli- 
3 Brake was ap- Sto 8 cation of 
o plied. | _f the Brake. 
sec. yards. 
1 | 1 in 330 50 15 200 
down 
2 | level 50 18 200 














In each of these stops sand was 
was also applied slightly. 


used, and the hand-brake 








BROWN’S FOUR-CYLINDER ENGINE. 
To THE EDITOR OF ENGINEERING. 

Sir,—An engine with a motion almost exactly similar to 
that.shown in Mr. Kennedy’s letter in your last number 
was invented, and I think patented, by Alexander Morton 
many years ago. To the best of my recollection the 
pistons had trunks, and were attached to the cross by rods 
with ball and socket joints. The inventor called it the 


** Z-crank engine.’ . 
ours truly, 
J. MACKENZIE. 
4, Shoreditch High-street, London, 4th March, 1876. 








Tue PHosPHATE Szwace Company (LimitTEep).—In 
previous articles we have called attention to the difficulties 
under which the Phosphate Sewage Company has been 
placed. Originally it was formed to treat sewage by means 
of phosphate of alumina got from the island of Santo 


Vela, near San Domingo, this product being a kind of 
security for a large loan that was introduced into England. 
The company worked under the patent of Messrs. Forbes 
and Price. Financial difficulties‘occurred, and the company 
sued the origi promoters, Hartmont and others, for 

mages. @ case was decided last week by the Vice- 
Chancellor, who gave damages to the extent of 60,0001. in 


favour of the company. We propose shortly drawi 
special attention to the case, as highly instructive_in 
to sewage and other questions affecting public companies. 





ASSOCIATION OF ENGINEERING AND SHIPBUILDING 
DRAUGHTSMEN.—A meeting of the Glasgow Association 
of Engineering and Shipbuilding Draughtsmen was held 
on Thursday evening in the Religious Institution Rooms, 
Mr. David ey, president, in the chair. Mr. Alex 
Smith, vice-president, read an interesting paper on “‘ Water 
Tube Boilers.’ He enumerated at the outset the essential 
elements to be observed in the construction of boilers of 
this type. He then proceeded to illustrate and describe 
a number of water tube boilers of the more modern design, 
and pointed out how far they met the n uire- 
ments of a first-class steam erator. It was shown that, 
though having many good features, there was still room 
for improvement in the present type of water tube boiler. 
A lively discussion followed, and the meeting closed with 
the usual votes of thanks to Mr. Smith and the chairman. 


Lonpon AssocraATION OF FOREMEN ENGINEERS AND 
DRAUGHTSMEN.—The twenty-third annual meeting was 
held in the Great Hall of the Society of Arts on Saturday 
the 4th inst., Mr. Joseph Newton presiding. After the re- 
ception of the minutes of eae 4 sitting, the election of 
new members was proceeded with. The following were 
el on the hono list: Mr. W. 
Mather, C.E. (Manchester), Mr. Richard Moreland, Jun., 
.E., Mr. James Hunter (Messrs. Hunter and English, 
Bow), Mr. William Stroudley (locomotive superintendent, 
Brighton), Mr. P. Brotherhood; and Mr. James Benbow. 
As ordi members, Messrs. Lewis James Hackett: (of 
Messrs. ’s).and Joseph Thomas Hill (of Messrs. 
Eastons and Anderson’s) were.also elected unanimously. 
Afterwards the auditors, Messrs. Cox and Haughton, pro- 
duced their financial report and the balance-sheet for the 
last half-year. These documents were deemed satisfactory 
and after a brief discussion were unanimously accepted by 
the meeting. It ap that the total number of honorary 
and i —_ e now amounts od bas — 
aggregate funds for urposes, scien: benevolent, 
are equal to 20591. Os. 114., and that a steady advancement 
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COMPOUND CORLISS ENGINE. 

AxoutT a year ago Messrs. Douglas and Grant, engineers, 
of Kirkcaldy, N.B., were consulted by Mr. Render, the 
owner of the Crown Corn Mills, Manchester, in regard to his 
engine power. The mill was driven by a pair of horizontal 
engines, with slide and cut-off valves ; cylinders 24 in. in 
diameter and 4 ft. stroke. In order to get good results, it 
was arranged to put down boilers suitable to at least 
160 lb. steam, and to replace one of the 24 in. slide valve 
cylinders by a Corliss cylinder 14 in. in diameter and 4 ft, 
stroke, Messrs. Douglas and Grant being well known for 
their experience and success in producing that style of en- 
gine. The new cylinder was made and applied, of course 
steam jacketted, and the cranks being at right angles, a 
receiver was placed between the engines. 

This alteration has been found tobe a very great im- 
provement, and the annexed diagrams, taken from the 
altered engines, are exceedingly satisfactory. It will be 
seen that running 60 revolutions per minute, and with 
165 lb. of steam in the boilers, the high-pressure Corliss 
cylinder indicates 125.2 horse power, with a mean pressure 
of 56 1b., and the condensing cylinder 131.1 horse power, 
with a mean pressure of 19.75 lb., or, collectively, 256.3 
horse power. About 1 1b. of difference of pressures is shown 
between the two cylinders. We have seen diagrams of this 
engine indicating over 800 horse power, and making ex- 
RP. Cortuss Oy: (Jacketted) 14° Dia. 48°stroke. 

60 Rev * per mir. 
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cellent figures; and it has frequently been working up to 
850 horse power, when all the mill machinery has been on 
at once. The consumption of water has, we are informed, 
been measured, and found to be about 13 Ib. ‘per indicated 
horse power per hour, equivalent to a consumption of 1.8 Ib. 
coal per indicated horse power per hour, with a boiler evapo- 
rating 10 lb. of water per pound of coal. The trial during 
which the consumption of water was ascertained was of four 
hours’ duration, and the indicator cards taken showed that 
the work was maintained almost exactly constant during 
the trial. The water level in the boiler was the same at 
the end as at the beginning of the trial, and the feed water 
was supplied from an overhead tank, the consumption being 
calculated by counting the number of revolutions made by 
the donkey pump, and assuming that this pump delivered 
nine-tenths of the quantity of water due to the size and 
stroke of its plunger. Supplied as the pump was from an 
overhead tank it is probable that if its valves were in good 


* | order the delivery of the pump would be more than 0.9 of its 


capacity, and the water consumed by the engine would 
thus be somewhat increased. In any case, however, the 
consumption must have been very low. The steam was very 
dry, and the indicator cards, we may add, account for but 
104 lb. of water per horse power developed. Altogether the 
result is an exceedingly interesting one, and we should be 
glad if the trial already made was supplemented by another 
in which the units of heat discharged with the condensing 
water were measured on the system of Mr. B. W. Farey and 
Mr B, Donkin, jun., already fully described by us. 

Mr. Render, of the Crown Corn Mills, Salford, is ready, 
we know, to bear testimony to the excellent result of this 
somewhat bold step in engineering. Messrs. Douglas and 
Grant have of late turned their attention considerably to the 
construction of compound Corliss engines, some of them of 
considerable size. Several of these have gone to Bombay, 
and they have at present one nearly finished for that city to 
indicate 1000 horse power. The boilers, it should be 
mentioned, carrying 1651b., were made in Manchester on 
Shepherd's patent, a type of boiler which we illustrated on 
page 468 of our nineteenth volume. 





RESIGNATION oF Mr. B. Woopcrorrt.—Mr. Wood- 
croft has resigned the post of clerk to the Commissioners 
of Patents, having held office under the Commissioners 
since the year 1852, when the Patent Law Amendment Act 
came into operation. Although the resignation has been 
formally accepted and the amount of Mr. Woodcroft’s re- 
tiring pension has been a; to by the House of Com- 
mons, we understand that he will still continue to perform 
his official duties for a short time. Should the Lord 
Chancellor’s Bill become law, considerable 

take place in the ——— of the Patent 








Aediesianes, a Malinc ft Mosinny, apeeel by 
0! inery, © 

Mr. J. G. Gibbon, and shared in by Messrs. Vinicombe, 

Newton, and others, closed the proceedings. 


changes will 

Office, and the 
appointment held by Mr. Woodcroft will probably be 
abolished. 
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THE BELFAST BOILER EXPLOSION, 

We have been favoured by Mr. L. E. Fletcher, the Chief 
Engineer of the Manchester Steam Users’ Association, with 
the romps interesting report on the disastrous boiler ex- 
plosion which occurred at Belfast in December last. Thisex- 
plosion forms but another instance of the recklessness and 
ignorance of some boiler owners, a recklessness and ignorance 
which it appears quite hopeless to imagine will ever be put 
an end to, so long as the inquiry into such explosions re- 
mains solely in the hands of ordinary coroners’ juries. The 
Manchester; Steam Users’ Association is doing good 
work by its efforts to bring about an improvement in the 
present state of affairs, and it deserves every support. 
Steam Boiler Explosion at Ballymaconnell, near Belfast. 

This explosion occurred on the morning of Tuesday, 
December 21, 1875, about 20 minutes before 8 o’clock. The 
boiler had been at work on a “‘scutch” mill belonging to 
Mr. Lowry, and was situated at Ballymaconnell, a few 
miles from Belfast, Ireland. 

The boiler had been at work about twelve years, and was 
of the Cornish or single-flued internally-fired type. The 
shell was 5 ft. diameter by 24 ft. long, the plates being ,, in. 
thick. It was constructed in eight rings, each ring being 
in three plates, single rivetted throughout, the rivetting 
being done by hand. 4 

The furnace and flue tube was 30 in. in diameter 
throughout, as nearly asI could ascertain. Like the shell 
it was plated in eight rings, each ring being in two plates 
in. thick, with longitudinal seams running along each 
side from end to end. 

So far as I could ascertain, the end plates 
were each in two ea (see Fig. 1), and were 
secured to the shell by angle irons 24 in. by 
2h in. by # in. thick, these angle irons being 
both jointed and made in at least two pieces. ’ 
The end plates were secured to the tube by a 
similar angle irons. 

Each end was stayed by means of two diagonal rods run- 
ning to the the crown of shell. (See Fig. 2). The details 
of these stays were as follows (see Figs 3 to 5) : 
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The end plates were # in. thick, and the above were all 
the stays in the boiler. 





The load upon valve with the legitimate ball upon the 
lever would be 


2M 7 = 42.89 Ib. per square inch. 


As will be seen from the above the valve was irregularly 
and overloaded by means of three pieces of brick and a 
cock, and a brick and gland. These pieces were, I believe, 
tied in two lots and hung upon the safety valve lever. Mr. 
Smith informed me that there was some suspicion of the 
valve having been still further overloaded, but as this was 
beyond proof he could not make any use of it. 

@ pressure was indicated by a Bourdon dial gai 
which stood in the stokehole. is gauge was inj by 
the explosion so that its previous condition could not be 
ascertained. I may add that this had been removed and 
I did not see it. 

The water level was indicated by means of a common 
- ae gauge, but this was » # destroyed and I did 
not see it. . 

There was a feed back pressure valve of the ordinary 
construction on top of the boiler, with an internal pipe 
leading down into the boiler (see Fig. 9). 





The weaking, pressure of the boiler was stated to be 45 Ib. 
per square inch. 

The boiler was fired with ‘‘ shoves” or waste flax fibres. 

The circumstances connected with the explosion are these. 

On the morning of the explosion a number of the work- 
people arrived about 7 o’clock, were ing in 
the stokehole waiting for steam to rise sufficiently to 
the engine. There were nine persons in the stokehole, ex- 
clusive of the engineman, who was back and forward be- 
tween the engine house and stokehole, viz., five men, two 
women, and two boys. At20 minutes before 8 o’clock one 
of the men went to a well a short distance off for a drink 
(the engineman had previously gone 
into the engine house) when the boiler 
exploded with terrific force, instan- 
taneously killing the four men, two 
women, and two boys who were in 
the stokehole and injuring the man 
who was at the well. It was found ,, P 
that the flue had colla) and 
in two and that both ends of the 
boiler were blown out while the shell 
itself was moved forward about 12 ft. 
intothestokehole. The front endplate 
with half of the flue was stopped by 
the boiler chimney about 40 ft. in 
front, while the back end with its half 
of flue tube was blown across the 


public road (see Fig. 10), i 
away the parapet walls one bealier 


























on a field about 100 yards off. One 














The fittings consisted of a steam stop-valve, a lever safety 
valve, details of which I received from Mr. Smith, foreman 









boiler-maker to Messrs. John Rowan and Sons, Limited, 
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se: Was one of the witnesses called upon to examine the 


and give evid i 
eaban follow,” vidence at the inquest. The parti 


en 25 
Lever,3.251b,=3:25%9 a aor 
Ball, 96 ip. = "OX 288.00 
8 pieces of brick and 1 tap, 23 Ib, = "3X28 184.00 
1 brick and gland, 15 1b, = 5X24 120.00 
604.25 


Area of valve, 7 in. .*. pressure=°04 — 96 31b, per square 
ich, supposing all the bricks and other things were at end 
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corner of the mill was completely 
blown away (see Figs. 10 and 12) anda 
ne part very much shat- 


The man who escaped by going for 
a drink distinctl, red stated at the inquest 
that immediately before he left the 
stokehole the pressure gauge indi- 
cated 25lb. He also states that when 
he arrived at 6.45 there was 10 lb. 
pressure on the gauge, and that when 
the pressure was between 10 lb. and 
15 lb. there was a noise as of steam 
escaping by the safety valve, and that 
the engineman went on top of the 








Fig 10. 
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water 
explosion, and as this th ht derive a 
rmmeere 
Pp ne 
for the ‘to © special point of ivestgating i 
question with the following result : 
First. The man who so narrowly escaped the 

cp ia the chon phas taay leah cot Bikas ieee 
up in w saw morni 

state that I was ietamed that the former ee 
a man who always noticed such things as the pressure and 
water level when he happened to be about the boiler house 
and that he was an observant man as may also be gathered 


Second. I found no om of shortness of water on 
any part of the furnace. had been a thin scale over 
it, and this remained except at the parts where the plates 
had been sharply bent. 

Third. I found that the tube had flat 
tened in the vertical directio 
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ion, that is, 
instead of coming down, as it must ne- 
ily have done had it been short of 
water, the crown had been forced up, and 
the sides had come together, as shown 
by dotted lines in Fig. 13. I believe I 
was the first person to discover this very 
important fact. I was informed in 
that representatives of the two Man- 
chester boiler insurance companies had i! 
examined the boiler and expressed a Soff 
decided opinion that the explosion was due to shortness 
of water, and the so-called ‘‘ scientific’ evidence at the 
inquest is lamentably weak, not to call it by any stronger 


The end plates and flue tubes were broken up in such a 
way, and were so difficult to find, that it was not easy to 
iece the different parts. Upon ing inquiry at Mr. 
wry’s two sons they could give me no information as to 
whether the longitudinal seams in the tube ran along the 
top and bottom, or along the sides, and upon the engine- 
man being called, he at once said the seam ran along the 
top of the furnace, for he had particularly noticed it when 
inside the boiler. Upon my pointing out to him that if his 


Fig./ / 13. 
ee a 
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statement were correct, he could easily fortify it by 

ing out his ash-pit, his rake scra 

of the bottom seam, he at once 
be mistaken, for he had 
The point 


us whether, in 

along the rivet h 
collapsed, and then said he must 
never seen any rivet-heads in the ash-pit, 
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boiler and stopped the esca; doing al 
something to the safety — ed ———— 
The engineman, on the other hand, explains that 

escape of steam was mee the safety valve, but by some 
valve he had for —s condensed steam, and that his 
going on the top of the boiler was to shut this valve. I 
merely state these facts, as I am not in a position to say 
an: further about them. 

s already stated the furnace and flue tube had collapsed 
from end to end, and supposing it to have been fairly 
circular the pressure necessary to collapse it would be 


10? x 800 . 
= 111. il 5 
3x30 ie ib square inch 
being = thickness in thirty seconds. 
S length in feet. of 
800 |, a 

















was, however, put beyond a doubt, for after some trouble 
I a piece of back end plate with 
of the flue angle iron attached, and the position of 
a butt-end on this angle-iron the case, as the 
other butt-end remained on the flue in such a ition as to 
place the longitudinal seams along each side of the tube. 

I think, therefore, a careful consideration of all 
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8. That the evidence showing that the safety valye was 
Mepis of 29 D, © by the gauge, and that the 


escape was the engineman doing something to 
the valye, would, if correct, show that the gauge got 
still further out of order on the morning of the explosion. 

4. But lea out the evidence above referred to, it is 


evident that the was, even if loaded to 70 Ib. or 80 Ib., 
working with much too small a margin of safety, and I am, 
therefore, of opinion that the explosion was caused by 
systematic over pressure in relation to the weakest part 
of the boiler, viz., the resistance of the tube to collapse. 


The fine would ully get out of shape until it was no 
longer able to stand the peemaes. In _ explanation of the 
stood without any indication 


length of time the boiler 
of weakness, I may explain that it stood idle for at least 
half the year. 

I ought in another place to have made detailed reference to 
- Vy of the end plate staying and their consequent 

lowing out. 

I believe the cause of explosion was as follows : 

I. The fine tube collapsed and rent completely through 
at the centre seam. 

II. The back end with half of tube was blown out. 

II. The front end and other half of tube was blown out, 
and boiler would bodily follow. 

I found all the di stays torn away at the palms 
connecting to front end ; this m was welded on, and all 
the ak ew way at the weld. 

pee remained firmly fixed to crown of shell. The 
right-hand front end stay was as shown in Fig. 14. All 
the other stays are-as shown in Fig. 15. 





~ 


It will be clear that while the explosion was due to the 
collapse of the tube, the great amount of damage done was 
almost entirely due to the paltry character of the end-plate 
staying. 

upper part of each end was carried away at the root 
of the angle iron, while the lower part was principally 
through the solid plate, leaving the le iron attached to 
the shell. Of course the leverage of such lightly stayed end 
lates buckling out and in with the varying pressure would 
be very likely to serio weaken the upper part of these 
ae irons which was ly very light, 2}in. x2} in. x 
in. thick. 

On a separate sheet I give and ink sketches (see 
Figs. 10 to 12) of appearance of front end after explosion, 
sketch of flight of parts and cmpeennes of ruins. 

(Signed) . MacCott, 
Consulting Engineer. 

65, W. Regent-street, Glasgow, Dec. 31, 1875. 





THE FLOW OF WATER THROUGH 
NOZZLES. 

On the Action of Water and Frictional Resistance or Loss 
of Energy when Flowing at various Velocities through 
a Nozzle with a Converging Entrance and Diverging 
Outlet.* 

By Mr. James BROWNLEE. 
(Concluded from page 171.) 

18. In Tables I. and II the inside pressures were constant 
and outside pressures variable ; but in Table III., to which 
we have now to refer, the inside pressures vary, beginning 
with 3in., or .25 ft. head of water, and ending at 12} ft. ; 
while the outside pressure is constantly that of the atmo- 
sphere with barometer at 30 in. 

In Experiment No. 21, being the first in this Table, the 
tap B was opened so far only as was sufficient to maintain 
the water in the inside glass tube at an altitude of 3 in., or 
.25 ft. above the level of the throat of the nozzle, while at 
the same time the water in the outside glass tube was, by 
so adjusting the opening of the discharge tap E, maintained 
at the same level as the throat, as indexed O on the scale. 
The bucket now filled in 535 seconds, corresponding to a 
velocity of 6.66 ft. per second, being only 1.66 times that 
which is due to a fall of .25 ft. 

In this and the two succeeding experiments the mercur 
was taken out of the vacuum tabe V and water substituted, 
and the difference of level of this water in the two limbs of 
the vacuum gauge was .52 ft., as entered in Column 7. The 
difference between the inside pressure and the pressure at 
the throat is, therefore, as entered in Column 8, h, + V=.25 
+ .52=.77 ft., and the velocity due to that head is 8.025+ 
a/ .77=7.04 ft. per second ; whereas the experimental velo- 
city, v, is 6.66, or “! = 6.66 + 7.04=.946 of that which is 

Us 

due to a fall of .77ft., as entered in Column 10, In 

entering the nozzle the pressure fist falls h, + V=.25 + .52= 

.77 ft., but reascends only .52 ft. The fraction of pressure 


or head restored is, therefore, only x = 52+ 


tV 
.675, or 67} per cont., as entered in Column 11; while the 
residue, 32} per cent. or .325, as entered in Column 12, is 
entirely lost in friction while passing water through the 
nozzle at a velocity of 6.66 ft. per second. 

This frictional loss is separated into two quantities, as 
entered in.Colaumns 13 and 14. The first is the loss while 
entering the nozzle and acquiring motion ; while the pres- 
sure due to that velocity, but which is partly unrecovered, 
constitutes the and much the largest In look- 
ing down these two last columns of figures, it will be ob. 
served that both losses diminish with increase of velocity 


* read before the Institution of Engineers and 
Shipbelttors in Scotland. 


Lode 
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Taste III, 


Flow of Water through the same Nozzle, with rounded Inlet and diverg 


ing Outlet, as in Tables I. and II., under 




































































Various Pressures, increasing from 3 in. up to 12} ft. Head of Water, but into the Uniform outside Pressure of the 
Atmosphere, with Barometer at 30 in. 
| 
1 2 Pepe’y | 5 | 6] 7 | 8 9 10 11 12 13 14 
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ade % v1 Vv ef v, \? 
h v h u 1-(o 
Sind ell Gaal ie A it Se *% |imtV | h4+V (=) 
“a1 | .25 | 535 6.66 | 4.012} 1.66] .52| .77 7.04 | 946 | .675 325 105 | 220 
22; 5:1] 348 | 10.23 | 5.674| 1.80} 13 | 18 10.76 | .951 | .722 278 096 | .182 
23 .75| 262 |136 | 695] 196) 24 | 315 | 1424| .955 | .762 .238 088 | .150 
24/1 218 | 16.34 | 8.025) 204) 35 | 45 17.02 | .960 | .778 222 078 | .144 
25 | 2 144 | 2474 (11.35 | 218] 82 | 10.2 25.63 | .965 | .804 .196 069 | .127 
26 |-3 111 | 31.95 (1839 | 23 }14 | 17 33.09 | .966 | .824 176 067 | .109 
27 | 4 94 | 37.9 |16.05 | 2.36] 19.8 | 238 38.84 | .968 | .832 168 063 | 105 
28 | 5 82 | 4345 /17.94 | 242/26 | 31 44.69 | .972 | .839 161 055 | .106 
29 | 6 74 | 48.14. [19.66 | 245| 31.1 | 37.1 48.88 | .985 | .839 161 035. | .126 
30 | 6.5 714 | 49.83 |20.66 | 2.44) 33.5 | 40 50.75 | .982 .838 .162 036 | .126 
31 | 7 7 | 50.9 21.23 | 240| 335 | 40.5 | 51.07 | ‘997 |... ~ 016 
32 | 8 69 | 51.67 (22.76 | 231/ 335 | 41.5 51.7 | .999 os 003 
33 | 9 68 | 5239 (2407 | 217/ 33.5 | 42.5 52.31 | 1.000 .000 
34 |10 67 | 53.17 (25.37 | 2.09| 335 | 43.5 52.93 | 1.004 
35 |11 664 | 53.57 (26.61 | 2.01| 33.5 | 44.5 53.53 | 1.000 
36 |12.5 6st | 546 2837 | 1.92] 33.5 | 46 54.43 | 1.003 
until coming to Experiment No. 27, where the difference Tapue IV. 
insid d that at the throat of the 
betmoen Ba eee Fomeaey om tas 198ft. Flow of Water through Orifice as Square Inch in 


nozzle is h, + V=23.8 ft. of water; but as 19.8ft. only of 
that pressure is restored, the 1emaining 4 ft. corresponds to 
a total loss of 4+ 23.8=—.168, or 16,;% per cent. of the 


23.8 ft. of pressure, while passing water through the nozzle 
at a velocity of 37.9 ft. per second. The loss on entering 
Line 1—.968*=.063, or 6 35 per cent., and that 


the nozzle 
unrestored on leaving is .105, or 10} per cent. of the 23.8 ft. 
of pressure requisite to produce that velocity. 


19. In raising the inside pressure to 6.5ft. (Experiment 


No. 30), the mercury in the vacuum gauge rose to 29.6 in., 
corresponding to 33.5 ft. of water. ; 
the inside pressure and that at the throat is, therefore, 


now hi +V=6.5+33.5=40 ft., and the velocity due to a fall 
of 40ft. is v,=—8.0250/ 40=50.75ft. per second, but the 
experimental velocity is only 49.83, or 49.83-—-50.75=.982 
For each foot of fall the water re- 


of the theoretical. 
ascends .838, as in Column 11, and (as entered in Column 


12) 6.5—-40=.162 is the fraction of pressure lost in first 
generating a velocity of 49.83 ft. per second, and then 
arresting that motion—the frictional loss in generating 


motion apparently here diminishing to 1—.982°=.036, 
while the loss in impeding and arresting that motion rises 
to .126, as entered in Column 14. 

20. The figures in Columns 11, 12, and 14 are not con- 
tinued in the Table beyond the 30th Experiment, because 
the pressure at the throat is, with 6.5 ft. of inside head, re- 
duced to nearly nothing, so that there is not then an 
further resistance or pressure at the throat to be repelled. 
A head of 6.5 ft., or velocity of 49.83 ft. per second, being 
sufficient to overcome or balance the atmospheric pressure, 
and so prevent any part of that pressure from acting upon 
the water at the throat, any additional head or velocity 
would only exhaust itself in agitating or churning the water 
in the expanding outlet. 

21. In Experiment No. 36, the velocity with a head of 
12} ft. is again nearly that which is due to the absolute 
pressure or head of 12.5 + 34= 46.5 ft., as previously noticed 
in the 20th Experiment of Table II. 

22. Not knowing of any series of experiments through a 
nozzle with a diverging outlet with which to compare those 
here noted, it was thought desirable to try an orifice with 
rounded entrance only, but of precisely the same (.1982 in.) 
diameter, so that the flow through so small an orifice might 
be compared with experiments made by others with orifices 
of the same form but of much larger area. The orifice 
(Fig. 3, see ante, page 169) was, therefore, substituted for 
the nozzle (Fig. 2), and in the results which are noted in 
Table IV., it will be observed in Column 6 that the co- 
efficient of discharge or velocity mally increases with 
the head, beginning at .941, with a head of 1 ft., and rising 
to .966, with a head of 124 ft. 

The coefficients given by Weisbach for an orifice 1% in. in 
diameter, andfor heads of 1 ft., 5ft., and 10 ft., are .958, 
-969, and .975. 

From those experiments, it therefore appears that the 
velocity through the smaller orifice isfrom 1 to fully 14 per 
cent. less than through the larger, having an area of more 
than twenty times that of the smaller. 

23. When water flows through an orifice with rounded 
entrance, such as Fig. 3, it will be observed (as in Table 
1V.) that the quantity disc is rather more than 
doubled with a quadrupled h 
otherwise when the flow is through an orifice in a thin plate 
with sharp edges, as the quantity discharged under a quad- 
ruple pressure is then less than doubled. This, very pro- 
bably, arises from the jet contracting more as the pressure 


rises. 

24. After these Tables had been completed, it became an 
easy question to find whether or not the velocity with which 
the water passed through the compound nozzle (Fig. 2 


The difference between 


; but it has been found | p: 





32,41 
Area with rounded Entrance (See Fig. 3) under various 
Pressures, rising from 1 ft. up to 124 ft- Head of Water. 
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corresponded with any uniform power of the pressure, or 
difference of head at the opposite ends of the tube. 

On making this investigation, it was found that the ex- 
perimental velocities agreed very nearly with the following 
equation : ; 
v,=16.02 (hy—h,)-t 
Or the converse of which is— 


Ou-B)=( e's ‘=o, 


The symbols A, and hs denoting the respective pressures at 
the extreme ends of the nozzle in feet of water, and v, the 
— in feet per second. 

25. For the purpose of comparing the experimental velo- 
cities with those calculated from the above formula, Table 
V. has been constructed, in which the figures are placed in 
parallel columns ; and on the inspection of those figures it 
will be observed that the velocities so calculated agree very 
nearly with the experimental, the extreme difference in no 
case rising to as much as 2 cent. 

. 26. The experiments in Tables IJ. and III. were made 
with very + care, and were many times repeated, the 
results seldom differing by as much as 2 per cent. And as 
the proposed formula agrees very well with those experi- 
ments, it appears that a double pressure drives the water 


through the compound nozzle with Q'-: — 1.538 times the 
speed ; and a double velocity does not, as might have been 


expected, require four times, but only 2'“'=3.05 times the 


M1 - 97 . 


ressure. 

27. In these experiments the velocities through this small 
compound tube are, with respect to the pressures, greatly 
in excess of those obtained in any similar trials which are 
—— in ade y —— ag = Lie og oe flow 
a attributed to the greater length o verging 
outlet as to the area of the throat, the water 
t more slowly to 
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rest. 
then, the resistance to a ship’s motion be 
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similarly reduced by lengthening the after-run, thereby 
also allowing the water more time to close in, and so con- 
tribute to the maintenance of a greater pressure or higher 
level towards the stern ? 

Those experiments seem to indicate that this lengthening 
of the after-run would have more influence in reducing the 
resistance than a long attenuated bow. 

29. There is surely considerable similarity in the action 
of water moving through this tube and that of a ship moving 
through water. In both cases the water is first put in 
motion at one end of the tube or ship, and brought nearly 
to rest at the other. Why, then, should the resistance not 
increase with the speed in the same ratio in the one case as 
in the other? 

The screw, which constantly draws water away from the 
after part of the ship, always tends to depress the water 
level and reduce the pressure around the stern, where it is 
most wanted, thereby causing the vessel (which, when in 
motion, always settles down at the stern) to droop more 
than it otherwise would, and thus augments the resistance. 
The screw has, therefore, to some extent a retrogressive 
action upon the ship, and this action must at the higher 
speeds be greatly increased by a bluff stern or short after- 
run. If, however, a ship was drawn through smooth water 
by a cable, is it not likely that the resistance would only 
increase with the speed in the same ratio as that of the 
water through the tube? Has it not been found that the 
end thrust upon the screw shaft at the higher velocities is 
frequently much greater than the strain upon a rope when 
towing the vessel at the same speed ? 

Have any reliable experiments been made in the way of 
towing a ship at a wide variety of speeds, with the view of 
determining the rate at which the resistance varies with 
the velocity ? 


that these iments 
very high value. They 
much care, and very important precautions 
for insuring the utmost nay ene” He hoped to have an 
opportunity for examining into them carefully, when time 
permitted consideration ; but-at the present time he would 
not like to enter upon a discussion of such elaborate Tables 
of results. 

Mr. R. D. Napier said if they would permit one invited to 
be present, though not a member of the Institution, to ex- 
press an opinion on the paper, he would say that instead of 
an hour’s consideration it was worthy of a month’s thought. 
It was impossible for them to enter upon its di ion at 

resent. He rose simply to put on record a formula, which 

e had never seen published, for the theoretical limit of 
vacuum produceable in the throat of a nozzle, nothing being 
allowed for friction. Mr. Napier then wrote the formula 
on the black board, and promised to produce the proof of it 
at the next meeting. This formula makes'the theoretical 
limit to the vacuum in the throat equal to (n?—1) times the 
head above the nozzle, where n is the number of times that 
the area of the mouth is la than the cross section of the 
throat. Or (n?—1) h=V, in which h is the height of the 
liquid in a cistern above the nozzle, nis the number of times 
that the area of the mouth or outermost part of the nozzle 
is greater than the cross-sectional area of the throat, and 
Vis the maximum limit to the vacuum in the throat, on the 
supposition of there being no friction. The vacuum re- 
presented by V is the height to which the vacuum in the 
throat would raise the effluent liquid. 

Mr. Brownlee said he believed Mr. Napier’s formula 
would be found to be correct, but the difficulty was to find 
out the amount of friction. 

In answer to Mr. Brown, 


om by Mr. Brownlee would be of 
been gone about evidently with 
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Those are questions which some of the many eminent 
shipbuilders belonging to this Institution are better able to 
answer than one inexperienced as I am in the matter. 

It is only necessary further to add, that I have, at the 
pa acem of a member, constructed a curve to the equation 
in Table V., which curve is represented in Fig. 5. The 
vertical ordinates denote the resistance} or hydrostatic 
head in feet requisite to generate the speeds which are 
figured along the horizontal base line in knots per hour, 
and also in feet per second. 

As the speed generated by a head of one foot of water is 


16.02 ft. per second, which corresponds to ve = 9.49 
knots per hour, the velocity, when expressed in knots, is : 


V=9.49 (hy—h2) 16 
V \Le 
Or, h, - n=( 


9.49 


TABLE V. 


Recapitulation of Experimental Velocities, v, as entered in 
Column 4 of Table III., with the view of being compared 
with the Velocities expressed by the Equation v,= 


1 
16.02 (h, — ht, 














1 2 3 4 
eee - : 
Number of 0: ns le an xperi- Velocity by 
; Outside mental 
Experiment. Pressure in | Velocity. Formala 
Feet of Water. 
tA 
h—h, V4 16.02(h »—hg)!-*t 
21 .26 6.66 6.77 
22 5 10.23 10.42 
23 75 13.6 13.39 
24 1 16.34 16.02 
25 2 24.74 24.64 
26 3 $1.95 81.7 
27 4 37.9 37.9 
28 5 43.45 43.52 
29 6 48.14 48.74 














The President said they would agree with him that 
Mr. Brownlee must have spent much time upon the subject 
he had brought under their notice. The experiments 
detailed in the paper had been the labour of many months ; 
and while they, as an Institution, must feel very much 
indebted to him, they must all be very much benefited in 
many ways by these experiments. He thought it beyond 
doubt that science ng ey Rage pe be advanced through 
this set of experiments, the like of which had never before 
been published. If any of the members had any remarks 
to on the paper, or any questions to ask, he would be 
pleased to hear them: he had no doubt Mr. Brownlee 
would give any further explanations in his power. 

James Thomson said he felt great confidence 





Mr. Brownlee said that the diameter of the bore of the 
pipe leading from the water cistern to the nozzle was 2} in. 
or about 128 times the area of the throat of the nozzle, an 
the area of the extreme end of the nozzle at the outlet was 


16 times that of the throat. The water would therefore 
issue from the tube with ,th of the momentum, or z},th 
part of the vis viva, or energy, with which it pi the 


throat. 

Mr. Alex. Morton said some twelve years ago he had 
made many experiments such as those in the Paper, and 
now and again since. He was glad to see that Mr. Brownlee 
had followed up the subject, as he had no doubt that it 
would bring credit to himself as well as to this Institution. 
He was pleased to see that Mr. Brownlee had produced a 
full vacuum with a head pressure of only 6} ft. of water ; 
and he was glad to see it put down in figures, as it con- 
firmed the statement he (Mr. Morton) had given them on a 
former occasion, and more so, as this fact was questioned 
at the Philosophical Society’s meeting referred to by Mr. 
Brownlee. The arrangements for experimenting seemed 
excellent, and his water and mercury glass gauges were 
much preferable to any spring pressure gauge. There was 
a great deal in the proportion of the length of the diverg- 
ing tube. He had tried many lengths, and he thought any 
practical formula would have to include the temperature of 
the liquid as well as the proportions of the tube; as also 
the density of the liquid passing through, such as oil or 
mercury, would require widely different proportions to 
give the best results. There was more in the diverging 
tube than they were yet aware of ; but to discuss the paper 
from merely hearing it read would be useless, as he had no 
doubt it represented the work of a year, instead of a week 
ora month; and that they would satisfy themselves that 
night with merely voting him hearty thanks for the labour 
he had been at, and resume the discussion on another 
oecasion. 

Mr. R. D. Napier explained that the formula he had 
drawn on the board was entirely theoretical, friction being 
excluded. 

The President said they would now adjourn the discus- 
sion of the paper until it could be printed and in the hands 
of the members; and moved a vote of thanks to Mr. 
Brownlee for his valuable paper. He trusted that Mr. 
Napier would be present on that occasion, as it was a 
question he was well versed in. 








EVAPORATION AND PERCOLATION. 

On Tuesday the 29th ult., before the Institution of Civil 
Engineers, Mr. George Robert Stephenson, ident, in 
the chair, a paper on “ Evaporation and en Percolation” 
was read by Mr. Charles Greaves, M. Inst. C.E. 

This paper treated only of evaporation due to natural 
influences, from observations at Lee Bridge. It contained 
a proposal to gauge, by an apparatus as simple as an ordi- 
nary rain gauge, the loss of water from the re-evaporation 
of rain; the usual method of learning the hygrometric state 


of the air by the dry and wet bulb thermometers. 
The ganges included a percolation gauge, which was larger 
but did not differ greatly from the Dalton gauge, 


started 
by the late Mr. Dickenson at Abbots Langley, to which the 
author had added one filled with fine sand to ascertain 
maximum percolation. Lastly, evaporation from a surface 
of water was determined by floating the gauge in a vessel, 








or in some river, open tank, or réservoir, and it was 
assumed that the water in the inner vessel acquired the 
general conditions of that in the outer vessel. The rain 
gauge and percolation ga were not new, but the form 
employed for determining the amount of evaporation from 
a surface of water had not been proposed elsewhere ; more- 
over, the four series of observations had never been brought 
forward in juxtaposition and with apparatus of uniform 
construction. 

Tables were submitted of the rainfall from observations 
uninterruptedly maintained since 1855 ; of the percolation, 
which by subtraction showed the evaporation from the 
poms ce 1855; of the percolation through sand, which 
urnished also the evaporation from sand, since 1860; and 
of the evaporation from a surface of water. The author 
et the average rainfall as 25 in., the average percolation 
hrough sand as 20 in., and the evaporation from a surface 
of sand as 5 in.; percolation through earth as 7 in. ; eva- 

ration from a surface of earth as 18 in. ; evaporation 
from a surface of open water 204 in. ; and the gain of water 
in an open tank 4} in. only. These tables showed that all 
the water that could be relied on as retained for use was a 
depth of 7 in, if the rain fell on a permeable soil, and of 
4} in. if it fall on an open tank or reservoir. To secure 
more than this, covered reservoirs or close vessels to pre- 
vent evaporation would be necessary. The principal de- 
duction from the facts observed jor, Bene the si ess of 
the remainder of the rain-water left after the influence of 
evaporation had been felt, and this was noticeable whether 
the water had been at once stored in reservoirs or had been 
allowed to sink into the porous earth and was stored there. 
In either case the proportion unevaporated was small, the 
average annual result from fourteen years’ observations 
showing 5.108 in. of water as added to an open water sur- 
face, and 7.582 in. as absorbed by the ground, the results of 


nineteen years and twenty-two years indica still less, 
as had been mentioned. rtain eaeen hical limits must 
be given to these data, which, excluding Wales, Devon, and 


Cornwall, would probably be applicable over all the south 
of England, and as far north as the Trent and Severn. The 
northern counties, Scotland, and Ireland would have diffe- 
rent ratios of evaporation, and doubtless the springs were 
veThe ll f peculiarly di in which 
e phenomena o' ly dry years—years in whic 
the rivers and springs been deficient, viz., 1861, 1864, 
1868, were d. Springs and rivers been re- 
dundant in 1852-53, in 1857-58, in 1860, in]1866, and in 1872. 
It was manifest that with a view to provide for the per- 
manent and continuous s communities, the 
ee fluctuation of delivery of water in a river —_ 
gathered by watching closely the sequence indicated by 
the percolation gauge. Heavy rains and storms in summer 
a —- a river flood, yet fail to replenish the springs ; 
and a long frost, even with considerable snow, might leave 
rivers and springs very short of water for the following 
autumn; and a dry winter imperilled the pomennee of 
river discharge more than a hot summer. The latter, how- 
ever, might ‘su a dry winter, under which circum- 
stances the deficiency of water in the rivers must become 
alarming, in view of the present tendency to the aggregation 
of populations. One result of the comparisons deduced 
from the tables attached to the paper was, that the storage 
of water might be more safely and largely in a 
porous subsoil, covered with a turfed surface, than in ponds, 
reservoirs, for other accumulations of open water. The 
author added that frequent thaws of small falls of snow 
oe the greatest amount of percolation ; that hollow 
raining did not diminish the perennial flow of rivers ; that 
capillarity had only a negative influence ; and that the in- 
fluence of a wet period on_ percolation rarely extended over 
more than one season, ‘and was soon obliterated by a dry 
winter su ing. 
The flow of springs and of rivers followed the increase and 
decrease of percolation more closely than the rainfall, 
except in the temporary effects which immediately succeeded 
on copious rains. Negative evaporation, or an increment 
of water without rain, occasionally, though seldom, ° oc- 
curred in the floating gauge ; but it was of frequent oc- 
currence in the sand gauge, from the low temperature ac- 
uired by the sand by tion, when the gauge became a 
ew tank. 


ENGINES OF H.M.S. “ROVER.” 

WE publish this week a two-page engraving, together with 
other views on page 196, showing the general arrangements 
of the engines and boilers of H.M. screw corvette Rover, 
and weshall in an early number give further illustrations 
showing the engines and boilers drawn to a larger scale. 
Until the publication of these further illustrations we shall 
postpone giving any detailed description of the engines, but 
in the mean time we may remark that a special interest at- 
taches to them from their being the first of their type which 
have been fitted in the navy, they being of the three- 
cylinder compound class with double piston rods and return 
connecting rods. The steam machinery of the Rover has been 
constructed by Messrs. Eastons and Anderson, of London 
and Erith. 








PoLLUTION oF NAVIGABLE STREAMS.—Last a week a 
deputation of the Manchester tion, including that of 
Selford, with the Mersey Docks and Harbour Board, 
waited on Mr. Sclater-Booth to urge the Government 
to bring in a Bill to prevent the ution of rivers to 
the injury of navigation, but not dealing with the sanitary 
question. The secretary stated that the whole subject was re- 
ceiving the careful attention of the Cabinet, and he expected 
to be able to bring in a measure which should be accept- 
able to all parties. If Mr. Sclater-Booth be so far suc- 
cessful he will [deserve the gratitude of the nation. We 





are not so sanguine of such a result. 
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NOTICES OF MEETINGS. 

THE INSTITUTION OF OIVIL ENGINEERS.—Tuesday. March 14, 
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and Percolation.” 
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Society, to be held at the Institution of Civil Engineers, 25, Great 
George-street, Westminster, on Wednesday, the 15th inst., at 7 
p.m., the following papers will be read: ‘‘ On the Rhé-Electrometre 
of Marianani,” by Robert James Mann, M.D., F.R.A.S, ‘On the 
Variation of Errors in Hydrometers,” by R. Strachan, F.M.S. 
“On the Deduction of Mean Results from Meteorological Observa- 
tions,” by L, F. Kamtz. (Translated from the “ Repertorium far 
Meteorologie,” by J. 8, Harding, F.M.S8.) “Summary of Observa- 
tions made at Stanley, Falkland Islands, during 1875,” by F. E. 
Cobb. “Contributions to the Meteorology of West Australia,” by 
Robert H. Scott, F.R.S, 
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THE PATENT BILL. 

Arter the unusual delay of a fortnight from the 
date of its first introduction into the House, the 
Patent Bill has been printed. Speaking generally 
it may be said that the present measure is identical 
with that of last year, certain provisions, as the 
Lord Chancellor announced, having been omitted. 
The “referees” are no more, and the proposal to 
limit the duration of patents for so-called “ frivolous” 
inventions to seven years has been wisely abandoned. 
The “ great seal” has been abolished, but all patents 
shall be deemed to be sealed with it, although in 
reality they will be simply “sealed or impressed 
with a stamp as prescribed.” Thisis a small reform, 
but we value it because we feel sure that it must have 
cost the Lord Chancellor a pang. The duties of Mr. 
Chaffwax will be considerably lightened by the 
change. The Bill is decidedly improved by the in- 
sertion of a clause giving power to the Chancellor to 
grant an extension of time for paying the periodical 
conn 2 seertles eg of the nes and seventh 

ears respectively. e fees which it is proposed 
that the rester shall pay on the “ ondie’ tar en- 
largement of time” are 5/, and 10/. respectively. 
The present law is generally admitted to be too 





rigid in this respect. For want of a little elasticity 
owners of patents who have omitted to pay the 
periodical stamp duties are now obliged to obtain a 
private Actat a cost of at least 600/, to enable them 
to revive their patents. Three Bills of this kind are 
at the present moment before Parliament. Amongst 
the alterations in the phraseology of the Bill we may 
point out that the applicant is required to file “‘a 
specification describing the nature of the invention,” 
instead of one which shall “‘ particularly describe and 
ascertain the nature of the said invention, and in 
what manner the same is to be performed,” to quote 
the time-honoured formula. It is difficult to see the 
meaning of this alteration. 

In the clause relating to user, the patentee will be 
expected to prove that he has made ‘ reasonable” 
efforts to bring his invention into practice. Last 
year the word employed in this clause was ‘‘ due.” 
‘The examiners are no longer directed to inquire 
whether the invention is of the nature of a combina. 
tion of known processes. We pointed out last year 
that the wording of the clauses relating to foreign 
inventions precluded an inventor residing abroad 
from applying fora patent through anagent. That 
has now been remedied, and a foreign patentee may 
apply “by himself or by his attorney or agent.” 
Curiously enough these words are omitted in the 
subsection of Clause 19, which regulates the mode 
of procedure when the invention is not patented 
abroad, so that it would appear that whilst a foreign 
patentee may apply by his agent, a foreign inventor 
who has not patented his invention cannot do so. 
The fees are the same in amount as in the old Bill, 
but the mode of payment is different. A fee of 5/. 
is required on application and 15/. on the patent, or 
20/. in all. This is a reduction of 5/. as compared 
with the scale now in force, but should it be neces- 
sary to amend the specification before sealing a fee 
of 5/. must be paid. We also notice that where it 
is desired to amend the specification after the patent 
is sealed afee of 10/. will be charged if the amend- 
ment is by way of supplement. In any other case 
it will be 5/. as now. 

There only remains to be noticed one other point 
of difference between this Bill and the last stage of 
the former one. Clause 9 (10 of the Bill of 1875) 
runs ‘‘on the expiration of the prescribed time (i.e. 
the time to be hereafter prescribed by the rules) 
the Commissioners shall on the request of the appli- 
cant, refer the application to an examiner.” 

The words in italics have been inserted in the Bill 
of this year, but we are by no means clear as to 
their meaning. Is it intended to make the “‘ request 
to refer to the examiner” one of the formal steps in 
the process of taking out a patent as the ‘ notice to 
proceed” now is? If on the other hand the added 
words signify that the applicant will be at liberty 
to accept or reject the ordeal of previous examina- 
tion, we congratulate the Lord Chancellor on the 
ingenuity which he has displayed in devising a 
scheme without enforcing the views he is known to 
hold so strongly. The same words appear again in 
clause 11, which says: ‘‘ After the report of the ex- 
aminer, the Commissioners shall, on the request of the 
applicant, transmit to the law officer the application, 
specification, and relative documents and report.” 

he words in question have been added in this clause 
also and form no part of the Bill of 1875. What 
are we to understand by them? Is the “request to 
refer to the law officer” to be a formal step which 
the inventor must make on pain of forfeiting his ap- 
plication, or will he be able to dispense even with 
the services of the law officer? No penalty is in- 
curred in case the inventor fails to make either of 
these ‘‘ requests,” but if he does not give ‘‘ notice 
to proceed” he is held to have abandoned his appli- 
cation. This is so under the Act at present in 
force. 

If, however, Lord Cairns still intends to intro- 
duce previous examination, then wecan onlyreiterate 
the arguments we have used over and over again, 
and specially in the series of articles which appeared 
about this time last year when the Bill of 1875 was 
before Parliament. We must ask our readers to 
refer to those articles and to consider that they have 
all been reprinted @ propos of the present measure. 
But granting for the sake of argument that previous 
examination is desirable, how ludicrously inadequate 
is the proposed staff. The Bill provides for a maxi- 
mum of two examiners and four assistant examiners, 
or six men to examine and report upon about 90 
applications per week. Supposing the work to be 
equally subdivided each member of the examining 
body would have .— upon more than two ap- 
plications a day. The idea is simply preposterous, 


ba Pome when it is considered that the inquiry 
will have to extend to (a) whether the invention is 
a proper subject for a patent within the Statute of 

onopolies ; (6) whether the specification is suffi- 
cient; (c) whether it is new ; and (d) whether it is 
useful, Instead of six examiners about sixty would 
be required, and in proof of this we refer to the 
report of the United States Commissioner of Patents, 
an abstract of which we printed a fortnight ago. 
There are in the American Patent Office ninety-six 
examiners, and the Commissioner requires twelve 
more if the work is to be properly done. It is true 
that in the United States the applications are more 
than four times as numerous as they are here, but 
then an English patent usually covers more 
twice the ground that an American patent occapies, 
It is not then a very unreasonable deduction to draw 
that our staff must be at least half as numerous as 
that at Washington, Mr. Duell has already got 
ninety-six, and he must, he says, have one hundred 
and eight, We have no hesitation in saying that 
sixty would be no more than sufficient to examine 
4500 applications per annum, for that: is about the 
present number. 

We are not greatly concerned with the question 
of the cost of a competent staff, but these are days 
of reduced estimates, and what will the House of 
Commons and the Treasury say on the subject ? 
The amount expended in the American Patent 
Office in 1875 for salaries, including the pay of 
temporary clerks, reached the modest figure of 
90,0007. 

Inventors have the matter almost entirely in their 
own hands. If they like the nga of an incubus 
in the shape of an examining body, let them submit. 
If not, they have only to do as pode did last year, 
and defeat the Bill altogether if they cannot mould 
it to suit their interests and therefore those of the 


public, for we regard the two as identical. We 
would remind them that not a single petition in 
favour of the Bill of 1875 was presented to either 


House of Parliament, whilst there were 21 praying 
that it might not pass, and 32 asking for alterations, 
in some cases so extensive that if granted the Bill 
would have been little more than a re-enactment of 
the law now in force. 

The second reading of the measure now brought 
forward was fixed for Tuesday last, but it has been 
pen yo until the 14th inst, We shall most likel 

ve some remarks to make on the discussion whic 
will probably take place on that occasion, 





THE STRENGTH OF THE NAVY. 


WE are not sure that we should agree with Mr, 
Reed in the recommendations he would make— 
should he go into details—with a view to remedy 
the state of things of which he complains in his 
letter in the Times of the 28th February, and we 
think his view of this country’s powerlessness at 
sea is exaggerated, but in the main he has done an 
excellent service by sounding the note of alarm. 
He has done it before with less justification, and we 
have controverted his statements by arguments 
which, for the time when they were written, we 
still consider perfectly sound. But since then our 
ironclad shipbuilding has advanced more slowly 
than could be fairly anticipated, and—what in our 
view is equally serious, though Mr, Reed does not 
allude to it—it has tended to advance in an un- 
satisfactory direction. Thus we are not inclined to 
contest Mr, Reed’s assertion that the ironclad navy 
neither is now, nor promises to be within any 
short period, as strong as the position—we will not 
yet say the safety—of the country requires. 

To Mr. Reed’s able analysis of our nominally 
large fleet we propose to return presently, but we 
may say now that our chief objection to it is that 
it leaves the effective line-of-battle fleet even more 
numerous than it can properly claim to be. But 
this, after all, is not the point. ‘“ H.”—the ablest 
controversialist who has written on these matters 
for a long time—is ectly right in saying that 
‘‘it is the comparative anatomy of this question 
which is really important. It is not so much on 
the actual as on the relative force of our navy that 


our maritime ascendency hangs,.... What we 
want to know is our comparative stre measured 
against that of other maritime states,” The question 


he ap ge to Mr. Reed is, ‘* What nation or 
what nations in the world are able (after 
making similar deductions) to produce an equal 
force ?” and he indicates his doubts whether all the 
other navies of the world can collect, amon 





them, a fleet as powerful as the twelve ships which 
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Mr. Reed ts as satisfactory. The reply of the 
latter is ently clear. He says that he can 
answer “ H.’s” question in the affirmative, and in 
effect that he will do so in detail in the House of 
Commons. As Mr. Reed's knowledge of foreign 
navies is probably unique, and it may be expected, 
from the confident tone he has assumed, that he 
will bring forward facts hitherto unknown, it 
would be absurd to attempt to criticise his 
argament in anticipation. ut this much we 
are inclined to say: there is no occasion for 
panic, and so far as any real ground for dis- 

uietude exists it has reference to a future suffi- 
ciently distant for us to be able to ward off danger 
by prompt action and expenditure—always assum- 
ing that action is taken in the right direction and at 
once. The pro ee of ironclad ship- 
building at the Royal Dockyards, as explained in 
the estimates, is meagre enough, but the large in- 
crease in the vote for ships building by contract— 
the application of which is not yet explained—ap- 
pears to show an intention on the part of the 
Admiralty to make up for lost time, and that on a 
scale which, in these days of economy, one can 
scarcely hope to see exceeded. Mr. Reed’s letters, 
and it is to resumed his speech, will materially 
strengthen the hands of the Government in bringing 
their prudent resolve before Parliament. 

The way in which Mr. Reed classifies the iron- 
clad fleet is as follows: He first strikes out the 
eight wood-built ironclads, which have already, 
by reason of rapid yx been officially relegated 
to ‘* Harbour Service” (shown in Table L., annexed), 
and then the six remaining wood-built ships shown 
in Table IL., which, though not yet condemned 
officially, “‘ have undergone more or less decay, and 
must very soon disappear from the efficient list.” 
(With regard to these Tables, it should be remarked 
that in some cases where the armament of early 

has been modernised, it has been necesssary 


shi 
to Rave blanks in the column headed “ Weight of | _ 


Guns ;” but the information given may generally he 
relied upon). 

There is perhaps something to be said about the 
uses to which the ships enumerated in Tables I. and 
II., or some of them, might still be put, but the 
only safe way is to leave them out of account. 
Coming now to iron ships, Mr. Reed puts aside (not 
as useless, but as harbour or coast defence ships, 
not of the ‘‘sea-going ironclad fleet”) all those 
enumerated in Table IIT. Of these, three of the 
smalier are rmanently at Bermuda, to the 
defences of which place they are likely, long to 
form useful, if not be: 4 important auxiliaries. 
Practically they cannot be brought home again, and 
may be left out of account, may the Prince 
Albert, Wivern, and Waterwitch, though of some 
value for coast defence. But the Glatton, and the four 
ships of the Cyclops‘class, are not only very powerful 
vessels for coast defence, but are quite able to engage 
in a battle in the Channel, though not to accom. 
pany the fleet on a journey of any length. 

Of the very powerful rams Rupert and Hotspur, 
of which iculars are given in Table IV., 
Mr, Reed says, ‘‘ Although they are able to proceed 
to sea with safety, and would, no doubt, be very 
powerful elements in a battle in the Channel, their 
want of sail power, and their limited coal supply dis- 
qualify them for taking an —_ place there with 
our sea-going ironclads, This limitation to their use 
was clearly foreseen when they were designed, and 
in enforcing it now, and witholding them from the 
category of cruising ships, I am only ing out 
the intention of the Admiralty who them.” 

With this view of these two ships, if it means 
that they cannot co-operate with a line-of-battle 
fleet in European waters feaerelly, we are not 
(at least as regards the Rupert) quite able to 
agree, for though we do not greatly admire 

ther, they come nearer to our idea of line- 
of-battle ships than many of those retained on 
the list by Mr. Reed. Their coal supply is 
small, but sufficient to enable them not only to 
operate in the Channel, but to accompany the fleet 
on longer voyages, as to the Mediterranean. Inas- 
much as every modern first-class ironclad should 
be a thoroughly ram, we see no use in a s 
cial class, and their smallness (their supposed merit) 
only means thinner armour, smaller gun power, lower 
et rekon omen balay net, aes given to the 


in whose company they ought to operate. 
But, with the measure of power = seaworthiness 
which they they are fit for more than coast 


defence, though their 


TaBie No. I.—Woopen Ironcnaps AVAILABLE FOR HARBOUR SERVICE ONLY. 















































































































































- Guns. 
Indicated ys 
. Speed on Principal 
NaMeE. Displacement. ~— Mile. ym og 
aT Number. | Weight. 
tons. knots. in. 
1. Caledonia 6832 4538 13 44 s ain 
2. Ocean... «.. 6832 4244 - 12.9 4t B. Oho 
3. Prince Consort ... 6832 4234 13.1 4} 15 
4. Royal Oak 6366 3704 12.5 a (|{ Gin 
5. Zealous ... 6096 3716 11.7 4t 20 6}-ton 
6. Enterprise x 1350 692 9.7 4b 4 6}-ton 
7. Lord Clyde aim _ ase 7842 6706 13.4 54—44* 18 
8. Royal Sovereign (turret ship) ... 5080 2436 ll 5} 5 12-ton 
* Has an iron inner skin in wake of armour. 
Tasie No. Il.—Wooprn [RONCLADS STILL EFFECTIVE. 
Displace. | Indicated - Principal oat _ 
psace- on rincip 
NaME. ment, — Mile. | Armour. 
— No. Weight. 
tons. knots. 
9. Lord Warden 7842 6706 13.5 54—44* 18 
10. Repulse ios 6190 3347 12.3 6—4h 12 tie In Pacific. 
11. Royal Alfred 6707 3484 | 123 | 6—4} 8 han 
12. Pallas 3787 | 3581 | 13 4 : et pir. in Moliiewancen. 
13. Favourite ... gos | (1773 «| 118 4 ..—_ 
14. Research 1741 1042 10.3 4} 4 6}-ton In Mediterranean. 
* Has an iron inner skin in wake of armour. 
Tasie No. Ill.—Sprcrtat SHrps, MAINLY FOR Coast DEFENCE. 
Indicated coge Guns. 
N Displace- pe Speed on | Principal pas 
AME. ment. y nme Mile. | Armour. 
: No. Weight. 
Turret Ships tons. knots. in. 
15. Glatton ese 4912 2868 12 14-8 2 25-ton 
17. et 1472 bout 
. Gorgon abou 
18. Hecate 3430 | 101755 10 } 10—8 4 18-ton} 
19. Hydra on 
20. Prince Albert 3905 2128 11.6 4} 4 12-ton 
21. Scorpion 2751 1455 10.5 4t 4 12-ton At Bermuda. 
22. Wivern 2751 1446 10 44 4 12-ton 
23. Viper... 1228 696 9.6 44 2 64-ton At Bermuda. 
24. Vixen én 1228 740 9 4t 2 64-ton ee 
25. Waterwitch ... 1279 777 9.2 4y 2 64-ton (Hydraulic). 
Tasie No. IV.—SprcraLt Surps—Rams. 
N Displace- | Indicated | g5c0d on | Principal = 
mane ment. _—— ie Armour. ; Pa mig 
, Number. | Weight. 
tons. knots. inches. , ieee 
n : 
26. Rupert 544 4638 136 | 14-8 { 2 Ob par = ship. 
n . 
27, Hotspur 4010 3497 12.6 11-8 { ; Gkpdr. |} Fixed turret. 
Taste No. V.—Earty Iron-Buiitr IRoncLaps. 
‘ Guns 
Indicated ea 
Namg. Horse Speed on Mile.| Principal 
ment. Power Armour. 
: Number Weight 
tons. in. ote 
28. Warrior 9,187 5469 14.3 4 < 6}-ton 
29. Black Prince ... 9,137 5772 13.6 4} 28 1940 
30. Achilles 9,694 5722 14.3 4 " 6-ton 
$1. Minotaur 10,07 | 6702 148 5h ” tates 
32. Agincourt 10,627 6867 a) 54 28 
ight 
33. Northumberland 10,584 6558 15.4 5t 28 
(Light) 9-ton 
34. Defence 6,070 2537 11.6 rm ia 6}-ton 
ton 
35. Resistance 6,070 2428 118 4h F, Gton 
9-ton 
36, Hector 6,713 3256 12.3 4 18 ton 
ton 
87. Valiant... 6,718 3560 12.6 4 3 6}-ton 





ce might by some 


unfortunate chance—say with exhausted coal bun- 
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TaBiEe No. VI.—Vekssexts INcLupDED By Mr. Reep in “THE Seacoina [RoNcLAD FLEET.” 















































. Guns. 
. Indicated Ob ~ 
Displace- Speed on | Principal 
NaME. ment. been Mile. Armour. 
Number. | Weight. 
tons. knots. in. ; 
88. Penelope 4394 4708 12.7 | 6-5 { : Fo In China. 
39. Audacious --| 6034 4021 12.8 San % aa In Mediterranean. 
40. Invincible... «| 6034 4832 14 {% 12-ton } 
41. Iron Duke ... “ | 6034 4268 13.6 8—6 4 64-pdr. In Mediterranean. 
42. Swiftsure Me 6660 4913 13.7 e 
43. Triumph | 6660 4892 14 
, 
44, Bellerophon... ...|__7551 6521 14 6 Ord eee eee 
8 18-ton 
45. Hercules 8677 8529 13.8 9, 8,6 { : orton In Mediterranean. 
-ton 
46. Sultan 9286 8629 141 | 9,8,6 § ane 
47. Monarch 8322 7842 14.9 | 10-6 { : Sh ton 
48. Devastation ... 9190 6649 13.8 14—10 4 35-ton In Mediterranean. 
49. Thunderer ... 9190 ee me 14—10 4 38-ton 
Tasie No. VII.—Surirs BuILDING AND APPROACHING CoMPLETION. 
Contract GuNs. 
Maun Displace- | Indicated |Estimated | Principal — 
4 ment. Horse Speed. | Armour. 
Power. No. Weight. 
tons. knots. in. 
Alexandra 9,492 | 8000 14 12-6 f 2) es 
Dreadnought ... 10,950 8000 14 14—12 4 38-ton Turret ship. 
Shannon... 5,103 3500 9 9 { : 18-ton 


























kers—prove detrimental to a squadron, the risk of 
this is hardly sufficient to justify their exclusion 
from our fighting fleet. Of course they are not 
‘‘ cruising ships,” as Mr. Reed says, but then our 
opinion is that the fighting fleet ought not to con- 
sist of ‘‘ cruising” ships, but of fighting machines 
of a power far greater than cruising ships are ever 
likely to attain to. 

With regard to the next Table, No. V., we are in 
entire agreement with Mr. Reed and think his sug- 
gestions on the subject most valuable. The ships 
included in this Table are iron vessels designed 
before he took office, and are disqualified for nto- 
dern fighting by weak armour and armaments, and, 
in addition, either by slowness or extreme length. 
The last four would probably be best employed 
(after modernising their armament) on distant 
foreign stations, where ironclads of small power 
are required to awe hostile cruisers, but wherever 
they are stationed there will be risk of their bring- 
ing discredit on the flag. The Warrior and Black 
Prince are equally useless for the line of battle, and 
from their great length and unhandiness are ex- 
posed to special perils, but happily they have a 
redeeming feature in very high speed under steam 
and excellent qualities under sail. Mr. Reed 
proposes to remove from them, and from the 
Achilles and Minotaur class as well, a portion of 
the armour, and to modernise the engines. With 
economical engines and increased capacity for 
coal these magnificent but at present useless 
vessels might become the most efficient cruisers 
of the Shah and Inconstant class.in the world. 
In these views we heartily agree; and it will be 
remembered that we have long pointed to this as 
the proper service for these ships. When the Russian 
Alexander Nefski, a kicd of Inconstant plus an 
armoured belt, was held up for imitation by this 
country, we pointed out that we had already a 
number of vessels, not built, indeed, for that object, 
but admirably adapted for it, and for nothing else. 
They might be made to form, so to say, the ultimate 
police of the seas, protecting our smaller cruisers 
from the larger ones of the enemy, and they would 
place us utterly beyond competition in this im- 
portant branch of offence. No other nation has 
similar vessels to convert, and none-could bear the 
expense of building such ships on p le 

he residue, forming, according to Mr. Reed, the 
“‘sea-going ironclad navy of Great Britain,” are as 
given in Table No, VI. And these might possibly 
be reinforced before the end of 1876, but only by 
at exertions, by those enumerated in ‘Table 

0. VII. The other ships building are not far 

enough advanced to be taken into account. 





In deciding what ships are fit for the line of 
battle, the qualities Mr, Reed apparently looks for 
are fair speed under steam (we presume 13 knots or 
over), handiness, mobility at least equal to that of 
the Devastation, and a measure of defensive and 
offensive power perhaps definable as the carry- 
ing of armour not less than 6 in. thick, and 
guns of not less than 12 tons, We are.in some doubt 
whether a fleet of Devastations alone would please 
him, and whether he does not look upon at least a 
proportion of masted ships as necessary in a fleet, 
The qualities we should ask for would be the same 
as regards speed, handiness, and mobility, but we 
should not wish for sail power, and we should fix 
the standard of offensive and defensive power so high 
as to practically exclude everything of the masted 
type. Both look to efficiency in line of battle—i.c., 
in a general action—as the test, but Mr. Reed's love 
for the masted ships leads him to “‘lower the stan- 
dard” so as to include his favourites. We, on the 
contrary, hold that reliance should not be placed 
upon ships which, by comparison with another well- 
known, and it may soon be ordinary type of vessel, 
hardly deserve to be called fighting ships. ‘The dis- 
tance which nk our the fighting powers, not only 
of the Bellerophon but of the Hercules, and not only 
of the Hercules but of the Alexandra, from those of 
the Devastation (and far more so from those of the 
Inflexible) is too great to justify their appearance ia 
the same list, as vessels fitted to fight side by side. 
The power of this country depends ultimately upon 
its line-of-battle fleet, and we are no more justified 
in reckoning the Hercules as part of this than the 
Admiralty of those times would have been justified 
in substituting frigates for three-deckers in the fleets 
which went forth under Howe and Nelson to fight 
those few great battles, of which it need only be said 
that, in comparison with them, all other events in 
our naval annals were trifling and barren of results. 
Indeed, there would be less justification, for the 
cost of one of the old line-of-battle ships would 
have provided two or three frigates, so that, 
according to some modern ideas, the substitution 
would have been defensible ; whereas, in our times, 
the inferior fighting ship actually costs more than 
the perfect fighting ship it displaces. No wealth of 
ships like the Hercules will avail us if we are 
challenged by (fleets of Devastations or Inflexibles, 
and as we are ill-provided with respect to the latter 
it isupon them that our chief resources should be 
spent. By comparison we have abundance of cruis- 
ing ironclads to peut our foreign trade and pos- 
sessions, and we believe our present efforts to multi- 
ply these, rather than the true line-of-battle ships, 
are most unwise. All Mr, Reed’s twelve ironclads, 


with the exception of the Devastation and Thun- 
derer (i.e., Nos. 38 to 47 in Table VI.) belong to 
the foreign-service cruising class, and, except pro- 
visionally, have no business in any other, and several 
in Table V. might be used for the same purpose. If 
an enemy sends a Monarch or Hercules on some 
predatory errand, or a squadron of such ships, 
it will be for us to send a similar force to deal with 
them, but our contention is that we have already 
enough of this class, Foreign powers may col- 
lectively have more, but no country can afford to 
deprive itself of all its best ships for the sake of 
ae in distant parts. The German versions 
of the Hercules and Alexandra, for instance, are the 
most. powerful ships their country posseses, and it 
is against all probability that, in case of war, they 
should be sent away from the German coasts merely 
to vex us in some part too distant for our Devasta- 
tions to strike at, Our force in powerful cruising 
ironclads is at least ample to deal with that part-of 
the corresponding foreign force which is likely to be 
spared for such operations, aes only that we 
maintain a reasonable fleet of true a ships at 
home. This we have not at present, for the Devas- 
tation is the only finished specimen of the class, the 
Rupert and Hotspur being ed merely as 
auxiliaries, perhaps not always available when 
wanted. Thunderer and Dreadnought, and 
the incomparable Inflexible, will be added to: the 
fleet by a not very distant time, but after them 
nothing will be added for years. ‘The Ajax and the 
Agamemnon, the two smaller Inflexibles so long 
promised, are still in the future: indeed—unless 
one is intended to be built by contract—only one 
of them, the Agamemnon, has so much as a place 
in this year’s Estimates. 

Of course it may be said that, as other powers 
neglect to provide themselves with the heaviest 
fighting ships, we are under no necessity to build 
ships of that class to meetthem, This is true, and 
it justifies the present retention of the Hercules and 
her consorts in our list. of line-of-battle ships. But 
like all other countries we are bound to keep a 
considerable portion of our most effective fighting 
force near home. For this home portion of the fleet. 
masted ships may be as yet, and for some time to 
come, satisfactory, owing to the deficiencies of the 
enemy; but even now unmasted ships would be 
better, since a much smaller and cheaper force of 
them would do the work required. Thus, whether 
the increase of foreign navies does or does not con- 
sist mainly in additions to their masted force, we 
believe it to be expedient for us to make the neces- 
sary corresponding increase in the. form of —un- 
masted ships alone. The unmasted ship, though 
unable to follow and catch a masted ship or squadron 
on a distant errand, will indirectly prevent such 
errands, by obliging the enemy to keep his ships at 
home for home defencé, and will do this at half the 
expense a masted ship would involve, seeing that 
each Devastation would thus neutralise two of the 
enemy’s seman naeg Sees for one that a Her- 
cules could hold in check. _ 

For these reasons, which might be added to if 
space allowed, the recent Admiralty shipbuilding 
policy is in our opinion unsatisfactory, for it eres 
pmenes to the wrong class of vessel. Mr. Ward 
unt’s speech may show that this policy is not to 
continue, and we trust this may be the case. 





THE 81-TON GUN. 


SINCE we last recorded the results of the second 
series of experimental firing of the 81-ton gun, the 
bore of this weapon has been enlarged from be bee 
to 15 in., and in the course of last week a thi 
series of rounds were fired from it, with the view of 
ascertaining its performances under the altered con- 
dition. The results obtained and which are recorded 
below were highly satisfactory, and although the 
differences, as compared with the first series, are 
small, they indicate increased velocities and re- 
duced pressures in the gun ore 479 of our 
last volume). It will noti too, that the 
pressures were very uniform, with the exception of 
that in the third round, which rose above the 25 
oe — inch oe ” as a working 
imit, and compares with those excep pressures 
recorded in the fifth and six rounds of the first series 
where with charges of 236 lb. and 240 lb. of powder, 
the were 29.6 and 27.3 tons per square 
inch respectively, and with the eleventh round of 





the second series, in which with a powder charge 
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of 220 1b. of 1.5 in, cubes, the pressure mounted to 
28 tons per square inch. 
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Arrangements will shortly be made for the transfer 
of the gun tothe long ranges, where it will be tried 
against armour plates. The ultimate capacity ex- 

cted when the maximum bore of 16 in. is reached, 
is a penetration of 27 in. of solid armour at a ran 
of 1000 yards, and with a shot weighing 1800 Ib. 
If the statements recently published in the Zimes be 
correct the performance of the great yy 4 gun re- 
cently tried has given higher results than those 
recorded above. The weight of this gun is 57.5 tons, 
and its calibre is 13.78 in. The projectile weighs 
1210 Ib,, and the powder charge is 297 Ib, In recent 
experiments it is stated that an Inflexible target 
with 24 in. plate was pierced at a distance of 
1968 yards. ‘The muzzle velocity is given as 1640 ft., 
which would give a total energy in foot-tons of 
about 22,600, and per inch of circumference of bore 
523 tons. The foot-tons per pound of powder charge, 
however, falls to 76.1, showing that the weapon is 
strained far more severely than our 8]-ton gun, and 
it is to be regretted that the pressures per square 
inch are not published ; they must be of necessity 


very great, 


THE BREAKAGES IN THE DIRECT 
CABLE. 

Sir W. Tuomson and Mr. F. J. Bramwell have 
made a report to the directors of the Direct United 
States Telegraph Company relative to the breakages 
in the cable near the Newfoundland banks. 
According to these gentlemen, ‘If a fishing vessel 
having hooked the cable accidentally brought it 
up to the surface and endeavoured to get the anchor 
on board, the cable could not be broken in the pro- 
cess.” In our issue of the 24th February we stated 
that in general the cable, when new, will in such 
depths come to the surface without breaking. But 
this we meant to apply to steamers using every 
means that the helm and the ship’s engines under 
skilful management can afford to relieve the cable 
from apy strain being caused by the action of the 
sea, tide, or wind on the ship. All telegraph engi- 
neers who have been engaged on such work know 
with what anxiety the securing of the cable and 
cutting it to relieve the strain on it before the cable 
breaks of itself is looked forward to. In the case 
ofa sr of 80 tons hanging to the bight of 
the cable lifted in a depth of 100 fathoms, with a 
breeze the strain would be very great. 

The strain caused by wind or tide on the ship 
mer be acting at = angles to the line of cable, 
and therefore is multiplied on the cable to an enor- 
mousextent, If the cable really has 5 per cent. of 
slack, as stated by Sir W. Thomson and Mr. Bram- 
well, then of course this would be favourable to the 
ae without breaking, provided the ship was kept 
exactly over the line of cable. But if a horizontal 
force is making the ship drift at right angles to 
the cable it will be easily seen that the 5 or even 10 

cent, of slack will soon be absonbed. In fact 
it is like applying a force of unknowr quantity to 
move the cable horizontally out of its normal posi- 
tion, and as far as the strain on the cable is con- 
cerned is the same thing as if we lifted this cable 
another 100, 200, or 300 fathoms vertically, accord- 
ing to the distance the force causes the ship to drift. 
Supposing a strong breeze and a lee tide, we may 
have a considerable force thus acting at a mecha- 
nical advantage on the cable. It appears to us that 
the strain caused by horizontal ieee is entirely 








ored by Sir William and Mr. Bramwell. Thus 
say: ‘* There then comes i i 
to what would 


the consideration as 
when such a vessel proceeded 


CENTRIFUGAL PUMPING 


4 per cent. to 5 per cent. slack and the breaking 
resistance of 7 tons, we find that the strain upon 
the electric cable when raised to the surface from 
the greatest depth in which a rupture has occurred, 
namely, 120 fathoms (the second breakage) could 
searcely exceed 1} tons or one-fourth part of the 
breaking resistance.” Here evidently all lateral 
forces are left entirely out of the question ; in fact 
it is supposed that the cable is lifted in perfectly 
calm weather in slack water, for no horizontal forces 








to get up her an 


. Bearing in mind again the 


are mentioned 








MACHINE AT DORDRECHT. 


CONSTRUCTED BY MESSRS. GWYNNE AND CO., ENGINEERS, LONDON, 
(For Description, see Page 198.) 


But next, as regards the 5 per cent. of slack, We 
have grave doubts whether a hundred fathoms of 
deep sea cable of Atlantic rn will in water pull 
itself out of the Faraday’s hold against the friction 
of the brakes, leads, &c., in other words, whether 
| 5 per cent. of slack can be laid in 70 fathoms, or even 
100 fathoms. With regard to the strain caused on 
the cable through its mere weight when lifting. 
it appears to us that the question of how far the 
cable on the ground can be made to move is an 
element, and unknown one. The fact is, with any 
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ENGINES AND BOILERS OF HMS. “ROVER.” 


CONSTRUCTED BY MESSRS. EASTONS AND ANDERSON, ENGINEERS, LONDON. J 
(For Notice, see Page 191.) 
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THE DRAINAGE OF THE CITY OF DORDRECHT. 
(For Description, see Page 198.) 
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— and tide acting on the ship, the cable could{ found cut, thus proving that it had been raised to | unusual in finding cables broken or cut. In our 

be broken when heaving up, although without | the surface. The facts of the case are that in two | shallow seas it has often occurred, and the fact that 
wind it could come to the surface without breaking, | cases the cable has been found broken, and in one | fishing vessels do anchor in such ths as those 
as clearly shown in the last case, when the cable was | case it has been found cut. There is nothing very | where the direct cable has been found broken, viz., 
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70, 120, and 100 fathoms, seems to be allowed. We 
do not see that Sir W. Thomson and Mr. Bramwell 
have added any new light to the case, and we must 
adhere to the opinion that there is nothing in the 
case to warrant any belief in malice, although in the 
last case the cutting of the cable may have been due 
to carelessness or stupidity, but we never can tell 
the exact circumstances under which a ship may cut 
a cable when it is found at the bows over the 
anchor, There ought, however, to be a law com- 
pelling ships to give immediate notice when they 
have cut a cable for their own safety or con- 
venience, and the question of how far they should be 
made liable is also a point which requires interna- 
tional legislation. . 
Alluding to the laying of the cable, Sir W. Thom- 
son and Mr, Bramwell state: ‘‘We think the con- 
tractors deserve great credit for their unfaltering 
determination, however deep the water and however 
small the fault, to slur over nothing, and for the 
great efficiency of the means (material and personal) 
with which they carried on the operations often in 
heavy weather, and much of them in winter, and 
for their final success in giving you a thoroughly 
perfect cable.” 
Ifthe material and personal were so efficient, it may 
surely be asked what were the causes which led the 
operations to be extended over such an unusually 
long period with so many mishaps? The question 
whether a little professional advice and assistance 
before instead of after the laying of the cable would 
not have been of use, may be fairly asked. And 
even for the matter reported on the question of 
whether gentlemen whose specialties are on the one 
hand electrical instruments and on the other patent 
cases, can be said to be the highest authorities on the 
subject that could have been appealed to, is open to 
doubt. 








PRESIDENTIAL GEMS. 

WE have had forwarded to us, presumably for 
ublication, a copy of an ‘inaugural address” de- 
Sriped by Mr. N. P. Burgh, as the first President of 
the Institution of Marine Engineers, at a meeting 
held at the rooms of the Society of Arts on the 2nd 
inst., and as this address is a perfect curiosity of its 
kind we propose to say a few words about it. We 
have enjoyed many a hearty laugh at Mr. Burgh’s 
former compositions, and his present address has 
added to our indebtedness in this respect, so much 
80, in fact, that did our space permit we should re- 
produce it ix ertenso for the amusement of our 
readers. As it is, however, we must content our. 

selves with some extracts only. 

The early parts of Mr. Burgh’s address are com- 
paratively prosaic, dealing as they do with the ob- 

ects and constitution of the Institution over which 
e presides, but even in this part we find gems, as 
witness the following : 

“ This Institution will give guarded attention to the daily 
increasing tonnage and dimensions of hull, horse power, 
and high pressure steam, all of which necessitate that the 
marine engineer shall be kept scientifically informed on the 
present compound, and upon all future improvements in 
marine engines and boilers.’’ 

We were not before aware that either horse power 
or high pressure steam were daily increasing either 
in —a or dimensions; but who shall contradict 
the presidential utterances? Mr, Burgh next goes 
on to com the marine engineer with the civil 
engineer, the “‘ Land Mechanical, Engineer,” the 
mining engineer, the telegraph engineer, and the 
Royal engineer, and apparently proves to his own 
satisfaction that the marine engineer “ stands at the 
‘ head of all the Engineering professions, for the very 
‘* reason that all these professions are, to a great 
*‘ extent, dependent upon his own.” We do not 
wish to undervalue the labours of marine engineers, 
but we should have thought it might have suggested 
itself, even to Mr. Burgh, that civil, mechanical, 
mining, and military engineers all existed and pe 
pered before marine engineers were even thought of. 
As for the telegraph engineer, he may perhaps be 
comforted by Mr. h’s remark that : 

«* When one travels and sees the wires at the sides of the 
railway, and knows, too, that they can be as easily 
ional into the bed of the ocean, a feeling of gratitude to 


the tel h engineer arises. 
‘Makers of stationary engines will be interested in 


ene Mr, Burgh thinks of their produc- | Bien Nitrate C ney Heclinte’. fide coneany 
tions. Hessys: erganised for the purpose of conveying to Iquique th 
“T hold that all stationary engines are alike in their | Nitrate'in the form of a solution, instead of conveying 
requirements, t.¢., they are required to work in one direc- bulk ; the piping ormed the work allotted to it, but 
tion at as uniform a speed as possible and for that reason | owing to im appliances used for i i 

the ball governor was introduced at the port of Iquique the enterprise 


A winding e will at once occur to our readers 


Mr. Burgh adds that: “The 
stationary engine is for the most part high pressure 
or condensing,” but he unkindly leaves us in doubt 
as tothe character of those engines to which the terms 
‘high pressure” or ‘“‘ condensing” do not apply. 
Engine builders oe be surprised to learn 
that, according to Mr. Burgh, when a stationary 
engine is condensing : 
“The injection condenser used is of the rudest form or 
similar to that first introduced, whereas by a simple altera- 
tion of the relative positions of the air pump and condenser, 
a much better vacuum can be obtained.” 
We regret that the demands upon our space 
compel us to pass over a large portion of the wonder- 
ful presidential address before us without even 
making a single extract; but the following para- 
graph is so perfectly unique that we cannot refrain 
from quoting it: 
“You all know that sensible heat is a technical term for 
warmth that affects our touch or operates on our systems 
and bodies so that we are said to feel it. Well, ina 
similar manner we are affected by intense cold, or below 
zero, 32 deg. Fahr.; so that, in common » heat 
and cold are sensible temperatures. Now, when the cold 
is so much below zero that the mercury freezes and no 
record can be made, philosophers and men of science term 
the temperature ‘latent heat,’”’ because the source is 
hidden or cannot be traced further.” 
It is sad to think that in these days of school 
boards and general education any one presuming to 
call himself an engineer should insult his hearers 
by such statements as these. Fancy ‘heat and 
cold” being defined as ‘‘ sensible temperatures,” and 
a temperature below that at which mercury freezes 
being described as ‘‘latent heat!” Such blatant 
ignorance as this appeating in a presidential address 
simply disgraces the Institution with which Mr. 
Burgh is associated, and deserves no mercy. Mr. 
Burgh adds : 
‘My investigations have given me the conclusion that 
latent heat is not an origin but is a resultant, and there- 
fore merely a conventional term, and not the parent of 
sensible heat. Now, then, you will ask, what is heat? I 
answer that electricity is the origin—in fact, the only 
perpetual motion known, and when once the oxygen can 
amalgamate with carbon, then the sensible heat occurs.”’ 
Our readers may anticipate considerable future 
amusement from Mr. Burgh’s “ investigations,” in 
the event of his proceeding with them; but even 
at the risk of depriving ourselves of a great portion 
of this amusement, our interest in Mr. Burgh’s 
welfare leads us to suggest that he might, prior to 
the continuance of these “ investigations,” devote a 
number of years with much benefit to himself to a 
close study of some elementary text-books dealing 
with the subjects on which he presumes to treat. 
Had he done this previous to the composition of his 
present address the latter might have been less 
amusing it is true; but on the other hand, the 
Institution to which he is attached would have been 
spared the ridicule which will undoubtedly fall 
upon it as soon as the utterances of its President 


become public, 


Burgh’s remarks, 





THE Woe ite be nen pe ee - 
supplying the city, port, and district of Iquique wit 
Peat water has, we hear, been granted to Mr. Geo 
Fitzroy Cole, C.E., F.R.G.8. The concessionaire holds the 
exclusive privi for the term of 50 yo and the maximum 
price at which the water may be sold is fixed at one cent of 
a sole per gallon (nearly $d. in English money). The 
works are to be constructed so as to be capable of supplying 
300,000 gallons of water per day, and it is expected that at 
least two-thirds of this quantity will be immediately re- 
uired. It is well known that the present water supply is 
Obtained by distilling sea water, and that owing to the dear- 
ness of at the port (about 4l. per ton), the cost of pro- 
duction alone is never less than 14 cents per gallon, whilst 
it is sold at from 2 to 4 cents. The - oy of the under- 
taking ex to realise large profits by supplying the 
shipping with water for the homeward voyage to Europe. 
There were no less than 80 ships loading with nitrate of soda 
during the month of last October, and there being no present 
means of obtaining water at this place in sufficient quantity, 
they are obliged to undertake a verage te a port distant some 
40 miles to the north of Iquique. right of expropria- 
tion of lands in the interior containing an inexhaustible 
supply of spring water is, we hear, contained in the conces- 
sion. It is understood that negotiations have commenced 
with the object of supplying the Iquique and La Noria Rail- 
way with water ty toying own branches from the pri o 
main. At present the railway experiences very considerable 
and loss in the manufacture, pumping, and 
haulage of water in closed tanks along the line. We may 
add that for about one-third of the total distance which the 
water is to be conveyed to Iquique suitable pipes are already 
laid, these mains having been put down by the late Bar- 


, Temain, and it is 


PUMPING MAOHINERY AT DORDRECHT. 
Ir is pleasing to note the progress made in the leading 
cities of Holland in the matter of their drainage into the 
canals. No one who has travelled in Holland can forget the 
filthy state of some of these canals in the cities caused by the 
sewers from the houses being poured into them, and these 
canals being in some places lower than the river, have no 
chance of being emptied except by pumping. This plan of 
pumping has lately been carried out on a large scale at 
Dordrecht-on-the-Maas, South Holland, and we have plea- 
sure in laying before our readers particulars of this scheme 
and details of the machinery. 

As shown by the map which we give on page 197, 
the pumping station is situated about a mile from the city 
on a tributary of the main river, called the “ Mijl,” and the 
water in the town canals is led to this point and lifted by 
the pumping engines into the river, a fresh supply of clear 
water being admitted at the other end of the canals, and 
hence a complete circulation being obtained. The ma- 
chinery, of which we give engravings on pages 192 and 196 
of the present number, has only been erected a short time, 
and the whole of the advantages derived from it have not yet 
been felt by the city, but when the pumps are in full work, 
Dordrecht will be found one of the cleanest cities in Holland 
Besides the pumping machinery for the drainage of the 
town, there is one pump exclusively used for draining the 
Mijl polder, which adjoins and belongs to the town, as shown 
in our map. 

The pumping machinery consists of three sets of direct- 
acting centrifugal pumps patented and manufactured by 
Messrs. Gwynne and Co., of Essex-street Works, Strand, 
W.C., a firm long known in connexion with this class of 
machinery. The pumps are of different sizes, the larger and 
smaller pumps being used for draining the city, and the centre 
or middle-sized pump for draining the polder. The large pump 
has pipes 24in. diameter, and is capable of discharging 
10,000 gallons per minute, and is driven direct by an en- 
gine with a cylinder 18 in. diameter and 16 in. stroke. The 
small pump has pipes 16 in. diameter and discharges 3500 
gallons per minute, the engine cylinder being 13 in. diameter 
and 10 in. stroke. With these different sized pumps it is 
possible to deal with all variations of the quantity of sewage 
according to the state of the weather. ‘The polder pump is 
a medium size having pipes 20 in. diameter and is capable 
of discharging 7000 gallons per minute. Its engine has a 
cylinder 16 in. diameter with 14 in. stroke. Each engine is 
fitted with variable expansion, and the steam, which is used 
at 65 lb. pressure, is cut off at about three-sixteenths of the 
stroke. The engines are all steam jacketted and have con- 
densers fitted with air pumps having gun-metal rams, the 
arrangement being shown by Figs. 1, 6, and 7 of our en- 
gravings. 

No expense has been spared to make this machinery as 
durable and effective as possible, and extra large pump 
discs have been supplied so as to reduce the speed of the 
pumps to only 100 revolutions per minute, when working 
at the average lift, which is about 6.6 {t. The maximum 
lift is 10.5 ft. when the speed would have to be increased to 
125 revolutions per minute, discharging the same quantity. 
Each discharge pipe is carried down to the lowest level of 
the river, and is fitted with a flap valve. The suction pipe 
ends in a bell-mouth pipe, and the pumps themselves are 
charged by means of the vacuum in the condenser, no valves 
being used in the pumps. 

The two boilers are of the Cornish type and are fitted 
vith Galloway tubes, while one small Cornish boiler is pro- 
vided for working the small pump at low levels. 

The arrangement of machinery we have described appears 
to be in every way suitable for the requirements of the city, 
and we should be only too glad to welcome the adoption ot 
a similar arrangement in many other towns, both in this 
country and on the Continent, where the drainage is defec- 
tive from the want of a good outfall. 





Lonpon Street WATERING.—The New River Com- 
pany have recently been summoned before the Worship- 
street Police Court by the vestry of St. Leonard, Shore- 
ditch, to show cause why they should charge the latter at 
the rate of one shilling per 1000 gallons for street watering 
while Hackney and Islington parishes were only charged 
at the rate of ninepence. The summons was taken out 
under the Water Works Act of 10th and 11th Vict., which 
empowers a magistrate to fix the rate at which water 
should be supplied if the company and consumer should 
disagree. The Shoreditch vestry stated various facts to 
support a claim to reduction of price, showing that the 
New River Company could afford to serve them at a lower 
cost than either Islington or Hackney. In reply Mr. 
Baxter, on —— of the company, urged that the Shorc- 
ditch vestry only required a supply on 120 days in the year, 
while the expenses of the company were continuous 
throughout the year. A discount was allowed on every 
million consumed, which would practically reduce 
the c to Shoreditch, the uniform price charged to all 
the ishes being one shilling, but in the case of large 
consumers this discount lessened the actual cost. In the 
evidence taken it appeared that the 


og of the New 


River Com: was, by their report of 1874, about one and 
three quster einen ing and the sum avail- 
able for a dividend was 430,0001., which would be equal to 
25 cent., but this sum i of accumulated profit 


"3 earning, which would only allow of a 
cent. on the capital. the 


aividena of + 
for three weeks for the magistrate 


question was r 
is deci 








ngine 
as an illustration of the truth (or otherwise) of Mr, 





count in carrying out Mr. Co! 


Ce of water supply. 


nitrate 
to farm them ora |g 

















Marcu to, 1876.) 


ENGINEERING. 





199 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Sheffield Tramways panes ay gt Taman balf-yearly re- 
port of the directors of the Sheffield Tramways Company, 
just issued, shows that the — receipts during that 
period have been 86991., and the expenditure 70981. The 
results of the working of the existing lines having been 
favourable, the Board have requested the corporation to 
construct the remaining sections authorised by the Act, 
and their request has been assented to. These further 
sections are the Hillsborough, Heeley, and Nether Edge 
lines, varying in their respective lengths from 1 mile and 
7 poles to 1 mile 7 furlongs 30 poles. In order to carry out 
these schemes an addition of 15,0001. to the present capital 
of 35,3001. will be needed. A dividend of 6} per cent. is 
recommended. 

Engineering Projects in South Yorkshire.—Further land 
in order to make room for additional siding accommodation 
has been secured in the vicinity of Sheffield by the Man- 
chester, Sheffield, and Lincolnshire Railway Company. 
The same company has just laid down long additional 
sidings at Deepcar, Wadsley Bridge, Darnall, Broughton- 
lane, and other stations, besides having effected gat 
alterations and improvements at and near Sheffield. Most 
of the new collieries in South Yorkshire and North Derby- 
shire are progressing well. The Barrow Company’s new 
colliery near Worsboro’ is now being developed. At Wath 
an enormous quantity of water is being encountered and 
pumped. At the new “‘ Rockingham”’ colliery, near West- 
wood, of Messrs. Newton, Chambers, and Com: Y (Thorn- 
cliffe Iron Works and Collieries), the seam will 8 ortly be 
reached, which is also expected to be the case at the Carlton 
colliery, near Barnsley. The new shaft of the Shireoaks 
Company is going on well, as also are those of several new 
sinki between Sheffield and Chesterfield and Sheffield 
and Mexborough. 


Proposed Reduction of Colliers’ Wages—On Monday at 
a general meeting of the South Yorkshire and North Derby- 
shire Coalowners’ Association (Limited), held at Sheffield, 
it was unanimously resolved to reduce the wages of all the 
underground men by 15 per cent. on and after the pay week, 
beginning with April 14th next. The alteration was stated 
torbe absolutely necessitated by the bad state of trade. 
Over 20,000 men will be affected by the reduction. 


Brown, Bayley, and Dixon (Limited).—The annual re- 
port of the the directors of this large iron and steel concern 
shows that the gross profit secured has been 36,6381., which 
is reduced by sundry alterations to 90681. The capital has 
been reduced by extinguishing 80,0001. of the vendor’s 
shares. In the latter part of 1875 the directors, in order 
to carry on the manufacture of spiegeleisen, hired one of 
the blast furnaces of the Charlton Iron Works Company at 
Grimesthorpe. This furnace was put in blast on January 
11th. The machinery and fixed plant have been maintained 
in a state of efficiency during the year. 








NOTES FROM THE SOUTH-WEST. 

Avonside Engine Works Company (Limited). — The 
directors of this company have determined’to recommend a 
dividend of 6s. 6d. per share, making, with the interim 
dividend already paid, a total distribution at the rate of 
7l. 10s. per cent. for the year ending December 31st, 1875. 
The directors further propose to carry 30001. to the reserve 
fund, with a balance to the new account. 


Saundersfoot Collieries.—We understand thatas the result 
of a meeting between the masters and men the colliers have 
agreed to accept a reduction of 2 per cent., in addition to 
the 2 per cent. accepted at the commencement of the past 
month. The basis for the sliding scale is not yet fixed, and 
the above arrangement is but temporary. 

The Plymouth Iron Company’s Collieries.—In aecordance 
with a resolution adopted by the coancil of the Monmouth- 
shire and South Wales branch of the National Union of 
Miners, Mr. S. Davies, their secretary, brought the sub- 
ject of the alleged illegal notices for the stoppages of these 
collieries before the notice of Mr. Dalziel, and the result 
has been that fresh notices were put up on the 1st March, 
announcing the termination of all contracts at the ex- 
piration of one month from that date. 

Risca Collieries.—Mr. Piggford, the resident manager, 
has retired from his appointment at these collieries. ‘The 
post of viewer has devolved upon Mr. Edwin James, son of 
Mr. George James, the late viewer, who has assumed the 
sole mi ement of the Nailsea Coal and Coke Company’s 
works at Nailsea, near Bristol. 


Bridgewater Water Supply.—A company formed five 
years ago to supply Bridgewater with water from the 
Quantock Hills, at an estimated cost of 25,0001., have 
abandoned their intention. The company consisted for the 
most part of persons in London, but meeting with hardly 
any support in Bridgewater, they allowed the powers of 
their old Act to expire without commencing the proposed 
works. The supply will now be undertaken by the cor- 
poration. 

The Caerphilly District.—The general feeling among the 
colliers of this district is to give the award ofthe Sliding 
nie Commnlitan a fair trial, — aoe a 

sfelt about a certain penn: m which t' was 
unfairly kept from them in 1869. epee g 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was as 
large an attendance as usual on ‘Change at Middles h. 
Business, however, was flatter than it was last week. e 
quotations for Cleveland pig iron were based upon No. 3 
realising 48s. 6d. per ton. Very few sales were recorded. 





Merchants and metal brokers cling to the belief that pig 
iron will further decline in price. 

The Cleveland Ironmasters’ Association Returns.—These 
monthly returns, which show correctly the position of 
Cleveland pig iron making, have just been issued. It ap- 

that out of 157 blast furnaces only 117 are in opera- 
ion. There are six new blast furnaces in course of erection. 

Continued Depression in the Finished Iron Trade.— 
Them is no change in the condition of the finished iron 
trade. As week after week rolls away there is a great deal 
more my manifested by the managers of finished iron 
works lest they will not be able to keep their works occupied 
on completing the contracts they have at present on the 
books. Few orders are coming to hand, and those few, as 
we said a week or two , are trifling when the enormous 
productive power of this district is considered. As an 
illustration of the continued depression and the ominous 
outlook, it is reported that after this week the ex- 
tensive iron works at Middlesbrough belonging to the 
Britannia Iron Company, will be closed unless the manage- 
ment succeed within the next few days in obtaining a rail 
order. The size of these works will be easily imagined 
when we state that during last Ee they made upwards of 
50,000 tons of rails, or nearly 1000 tons per week. Trade 

erally is very dull. There is more talk of steel rails 
ing more extensively used. 

Steel Works at Middlesbrough.—While so much is being 
said about steel rails there is something also being done at 
Middlesbrough. Messrs. Bolckow, Vaughan, and Co., 
one of the t iro ing firms in the world, have 
bought about 40 acres of land adjoining their blast furnaces 
at ‘Eston, Middlesbrough, and are about to erect there very 
extensive Bessemer steel works. They intend building new 
blast furnaces specially designed for smelting hematite ores 
and for running the molten iron into vessels for the pur- 
es of being conveyed direct to the Bessemer converters. 

here will be all the appliances for making steel rails. It is 
expected that in a short time one of the largest steel plants 
in the country will be established here. Should the secret 
of making steel at a clfeap rate from Cleveland pig iron be 
discov: , Middlesbroug ill certainly me at once 
the most important iron and steel-making centre in the 
kingdom, and Messrs Bolckow, Vaughan, and Co., the first 
iron makers, will reap the advan’ obtainable from 
being the first steel makers. Everybody is hoping that the 
cloud which is hanging over the district at present will soon 
be dispelled. 








NOTES FROM THE NORTH. . 


Guasaow, Wednesday. 

Glasgow Pig Iron Market.—Last Thursday’s market 
was ‘quite inanimate during the forenoon, and the onl 
business rted was 1500 tons at 59s. one month fixed, 
closing with buyers over at that price, and 59s. cash, sellers 
asking 3d. as ton more. Makers’ prices still showed a de- 
clining tendency, and a reduction of 1s. per ton was actually 
made on the quotations for Messrs. Merry and Cunning- 
hame’s brands. Holders of warrants,Jfhowever, appeared 
determined that they should not suffer ie reductions, and 
in order to effect their purpose the warrants were gradually 
absorbed from the market, with the view of preventing 
oversales being carried over, and thereby forcing purchases 
to be made to meet them. But at the same time the dul- 
ness in trade—and cmenaty in the shipping trade—showed 
most unmistakably that a low range of prices was necessary 
to stimulate business. There was a steady market in the 
afternoon, with sellers at 59s. 3d., buyers 59s. 14d. On 
Friday forenoon 1000 tons changed Leinfe—ene lot at 
59s. 3d. cash, and another at 59s. 6d. one month open, 
sellers at the close 59s. 6d. one month, buyers 59s. 3d. 
cash. The market was almost idle in the afternoon; no 
business was reported, and the nominal prices were, 
buyers 59s. 3d. cash, sellers 59s. 6d. Only one lot changed 
hands on Monday forenoon, the price being 59s. 7d. one 
month _. ag F ipa a sh : ee at my" a 
buyers offering 59s. 74d. prompt cash, sellers asking 59s. 7d. 
No business was ihertad, in the afternoon, and prices were 
still firmer. Increased firmness was manifested yesterday 
forenoon at the opening, when a few lots were done at 
60s. 3d. cash, and one month open. The er after re- 
ceded to 59s. 10}d. cash, and one month |, closing sellers 
over at the lower prices, buyers 14d. per ton less. Only a 
small amount of business was done in the afternoon, the 
price being 59s. 9d. one month fixed, and at the close the 
quotations were buyers 59s. 6d. cash, sellers 59s. 73d. The 
forenoon market was quiet and flat to-day, with business 
doing at 59s. 3d., fourteen days fixed, and 59s. to 59s. 14d. 
cash. Prices were a shade lower in the . An in- 
creased amount of business is observable in all kinds of 
shipping brands, but that may be only the natural result 
of the beginning of the shipping season. Second-hand 

arcels of most brands can be in the market at sli htly 
ower quotations than those of the makers. t week's 
shipments amounted to 9644 tons as against 8291 tons in 
the corresponding week of last year. 

Institution of Engineers and Shipbuilders.—The ustal 
monthly meeting of the Graduates’ ion of this Institu- 
tion was held last night—Mr. Guybon Hutson ener 
when Mr. James Davie a very valuable paper on “‘ The 
Pisin ok Ret in, Rete oak Be We See, 

e author im e 
boilers by taking 1b. of coal as the basis of his calculations, 

ing all due allowance for the fact that there is a great 
power in the different kinds of coal. 


diversity of nowy k 
After referring to the experiments of Playfair and others | Brisbane 


on the maximum number of heat units given out by 1 lb. 
of many different samples of coal, he showed by means of 
diagrams what circumstances 


w had to be taken into con- 
sideration in making the deductions from the 


maximum efficiency of the coal, such as the loss in the un- 
burned fuel, the loss by radiation in the furnaces, the loss 








of heat in the chimney, the increment of heat required to 
the steam from the atmospheric pressure to higher 
3 , the absorption of heat by increase of volume 
uring the admission of the steam into the cylinder, the loss 
radiation and contact of air, yf pent aay 


&e. the w 

bed of the work “done by the boiler during the admission 
the steam into the cylinder, the work of the condenser, 

and expansion. 

Edinburgh and Leith Engineers’ Society.—The usual 
ete ge oe of this society was held week, Mr. 
Alex. ‘Leslie, C.E., in the chair. Professor 
akin AS abe png | read a Ly upon two valves whic 

G) lesigned for the p of improving the distribu- 
tion of water in towns. e of them to 
secure a constant pressure in secondary mains, no matter 
what might be the pressure in the pri main; and the 
other v was intended to produce epee So flow t h 
a given main. He contended that they would both 
useful in regulating the distribution of water through 
towns and for preventing waste. 

The Tay Bridge Undertaking.—In his half-yearly report 
the engineer of the Tay Bridge says: ‘‘ In to the 
bridge, that out of a total number of 85 piers there are 

laced in position 67, including 5 of the 14 of the 31 ft. 
Sinem eter caissons, for large piers. Forty-seven piers for 


wide spans are completed, having the ers 
placed thereon, with timber platform Tail for 1300 Fa and 
900 ft. of hand-railing erected; and of the remainder, 4 
iers are completed to the full height of: string course, and 
he girders of the spans laid thereon. Two of these piers 
have their columns fitted and fixed to their full height. 
No. 15 pier, which has given considerable trouble, is now 
pe y. restored. Four caissons.of two piers are sunk to 
he requisite depth, and are being filled with concrete. One 
of the caissons for large piers is built up 2ft. above low 
water; another is filled with concrete, anda 
pier block placed in it. The other three are s to the 
requisite depths, and are partially filled with concrete, and 
one caisson of 21 ft. diameter is placed on the bed of the 
river, and the stage for piling fixed thereon. The columns 
of four piers are set, and erected to within 18 ft. of their 
full height, and the bases of four piers are sunk to an aver- 
age depth of 16 ft. Ofthe other portions of the work, there 
are on of the tunnel in Dock-street, 1272ft.; a 
oe pa of 64 ft. of the north wall is built to the full height, 
and ready for the girders ; and the excavations are taken 
out for a length ot 32 ft. of the south wall, which is being 
founded. Nearly the whole length of the south and nort 
walls and end cross wall of the station in Esplanade ground 
are built up to underbed of coping. 








Tue InstTITuTION oF Civil ENGINEERS. — At the 
meeting of this Society on Tuesday, March 7, 1876, Mr. 
George Robert Stephenson, President, in the chair, it was 
announced that the Council, acti the provisions of 
the bye-laws, had recently erred Messrs. Robert 
Rowan Purdon Hickson, Barrow-in-Furness, and Richard 
Harris Hill, Westminster, from the class of Associate to 
that of Member, and had admitted the following candidates 
as Students of the Institution, viz.: Messrs. Clement 
Henry Allen, Demetrius Frederick Charlton, Charles Clegg, 
George Coulton, Howel Fenoulhet, Horace Arthur Fisher, 
James Staats Forbes, Jun., Arthur Werner Itter, Edward 
Fountaine Jacob, William Gyllick Newton, Francis Orange, 
James Orange, Charles de Grave Sells, William Shears, 
Jun., Herbert Blomfield Smith, Theodore Charles Trou- 
bridge Walrond, and John Waddington, Jun. ‘The monthly 
ballot resulted in the election of forty candidates of whom 
ten were members, viz., Messrs. John Brandt, Resident En- 

ineer of the Bala and Festiniog Railway ; William Duff 

ruce, Engineer to the Port Commissioners, Calcutta ; 

William Robertson Copland, Glasgow; William De: 

Dumbarto: Duncanson, pe Water Engi- 
- 0! 


mn; 
neer, Li ; William Galw the Japanese 
vat tek reenbank, late Resident 


Government Railways; Beery i 

Engineer of the Isle of Man Railways ; Cornelius Lundie, 
Cardiff ; George Wells Owen, Westminster ; and Joseph 
Miller Wilson, Philadelphia, U.S.; and thirty Associates, 
viz., Messrs. James Adamson, Autofagasta, South 
America; William Bull, Southampton; James Lawrence 
Chapman, Resident Engineer of the Harrow District Gas 
Works ; Henry William Churchward, Resident a read 
and Manager of the Potosi Gold Mines, Venezuela ; Thomas 
Cole, Herne Hill ; Alfred Colson, Gas Works, Birmingham ; 
Thomas Colson, Singapore Water Works ; Charles William 
Dempsey, Westminster; Max am Ende, Westminster ; 
William Hay Fea, Assistant Engineer to the Corporation 
of ‘Hull ; bert Brown Ghewy, Pernambuco ; Edward 
Charles Acheson Gordon, Colonel R.E., Assistant Director 
of Works, War Office; Robert Wood Everett Green, 
P.W.D., India ; William Augui 

illi William Hedges, 

William-street ; William I’Anson, Saltburn- -Sea ; 
Alexander Jervis, Edinburgh ; Edward Kenworthy, En- 
ineer to the Corporation of Barnsley ; Linde 
ucknall, Old Broad-street ; James 
ford-square ; H Miller, Jun., | 
William Moore, Stud. Inst. C.E., Great W 
James Watson Murray, Westminster 
Peel, Knowlmere, York; Henry Kerr 
Gampola, lon; Edward Taylor Simpson, 
Manager of the Buenos Ayres and Enseneda Railway ; 
Hi Goulton Sketchley, Stud. Inst. C.E., Great 
Northern Railway ; Wiliam Scarlett Trehearne, 
Surveyor of St. Giles-in-the-Fields ; John Francis W ¢ 


, Queensland; and Joseph H Wild, Metz. 
the present session 25 Members 124 Associates 
have elected, 9 Associates have been transferred to 


the class of numbers, and 90 Students have been admitted. 
_ numbers ef Bt pa a classes bony 858, 1555, _ 

fe ting wi onorary Mem! & gross total 
all grades of 2809. F 
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BOILER EXPLOSIONS IN 


Fie. 12. ° 





Fic. 11. 


STEAM BOILER EXPLOSIONS. 

WE publish below the annual record of Mr. 
Edward B. Marten prepared for the Directors of the 
Midland Boiler Inspection and Assurance Company, 
of the boiler explosions which have come under his 
notice during the year 1875. This record includes 
notices of 68 boiler explosions, which caused the 
death of 81 persons, and injured 142 others. The 
similar casualties for the years 1873 and 1874 were 
as follows : 


Number of Persons — Persons 
Explosions. Killed. Injured. 
1873 78 57 85 


1874 76 77 198 
It will thus be seen that while the number of ex- 
plosions is lower than in either of the two preeeding 
years, the effects were considerably more disastrous 


as regards the fatal results; while the less serious 
casualties are exactly an average of those which 
eccurred in 1873, 1874. 

As to the cause which led to the explosions it will 
be seen that 13-are ascribed to faults in construc- 
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tion that might have been detected by inspection, 
18 to faults that could only have been detected by 
inspection, 36 were caused by negligence on the part 
of attendants, and in one case only did the cause of 
explosion remain undiscovered. These — 
vary considerably from;those recorded by Mr, Marten 
last year and which were as follows: 
From faults in construction ... 24 explosions 
From faults only to be detected by at 
on ... eee eee eee 
From faults that could have been 
prevented by attendants... i a ‘a 
It will be noticed that during 1874 no explosion 
occurred, the cause of which was not apparent. 


Dnuring the 1875 records were obtained of 68 boiler 
explosions, pet es the death of 81 and the injury of 142 


P°Ts fs not to be presumed thet all the explosions in the 
United nly Bye are here given, > — — are * 
tained o rivate means, hroug’ courtesy 

the oumens the boilers. names are omitted, as the 
ee is to place within the reach of those who work 
boilers, short, simple, and clear descriptions of each case, 
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stokers ; 177 
whom were 


Fie, 15. 
and as far as possible the lessons to be learnt, as a warning 
of the evils to be avoided. 
Of the 223 persons killed or injured, 10 were owners, 
masters, or managers ; 32 were enginemen, or 
persons employed on the wocken, Shon 14 of 
women, 9 , and 7 children. 
The Explosions happened at Works for the following 
Purposes : 
No 
Mills of various kinds 13 
Iron works... ben 12 
Collieries 11 
Chemical 6 
Domestic 3 
Marine ... 7 
ne 2 
Timber yards 8 
Railways vel 8 
Brick and clay... 3 
Sewing ... sad 1 
Farm ... 2 
Stables ... 1 
Malt _... 1 
Total... 68 


. Kd. 
24 
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The causes of explosion are arranged under the following 
heads as in former years. 
A. i a Sah ~ rtingor after Repatr 
nspection before or a, —— 
No. Kd. In. No. d. In. No. Kd. In. 
Weak tubes ... Ss §-.2 
Weak shape... 10 8 
Bad construction 7 11 
8 ll 4 
Seam rips... ove S. ¢. & 


13 20 18 


B. Faults only to be Detected by I tion. 
corrosion... ll 16 34 
Internal corrosion ... 7 8 & 
‘ —— 18 24 69 
C. Faults which could be Prevented by Attendants. 
Shortness f water,,, 16 15 28 
Over-preo ssur® 17 20 27 
Mud and scale a i oe 
—— 36 36 55 
Unknown cause 1- are 
Total 68 81 142 


The exploded boilers were of the following descriptions : 
The causes are stated as in the summary, the general 


heads being indicated by the letters A BC. 
Cornish or Lancashire. 


No. Kd. In. No. Kd. In. No. Kd. In. 


A Want of stays or 











hoops on tubes... 3 9 2 
B | are oe a er 6 3 8 
Internal corrosion 1 6 19 
7 9 & 
c {on of water... 8 7 9 
Over-pressure 1 0 6 
7 15 
— 19 25 51 
Plain Cylinders. 
Weak shape Ss ee ae 
A Seam rip ... ee 
—— 3 0 5 
B { reel corrosion 5 13 19 
Internal corrosion 2 1 12 
—— 7 ld 31 
C Short of water .. 4 5 19 
Mud pi ~ ee 
565619 
Unknown cause ... ee ae 
16 20 55 
Marine. 


B Internal and ex- 
corrosion oa 2 


Over-pressure ... 8 5 
c {sr z 1 0 
49 5 
Locomotive and Portable. 
A  Badconstruction Son 68 
B Internal corrosion 3 0 83 
C Over-pressure ... Lk. Pie 
Furnace Upright. 
C Mud \o 
o Oeil Balloon. 
Domestic. 
C  Over-pressure 
Kiers or Stills. 
A Bad construction * 7? 8 
C .Over-pressure ... $8 0 2 
Tube Boilers or Heaters. 
A 7 a . ‘ ee a 
Over-heating 3 
c po | fe 
44 6 
Small Upright. 
Cc {Freteies os 1 0 0 
Over-pressure 45 0 
A Steam pipe... 
Total 
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of. Oo 


5 
1 


ono co & 


0 
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in have worked satisfactorily in conjunction 
with engines of special construction. Other 

of tubes from 3 in. to 5in. in diameter, have worked safely 
with ordinary engines for a considerable time. In the 
boilers which have exploded the tubes were from 7 in. to 
10 in. in diameter, and the causes of explosion were doubt- 
less not beyond remedy. At unusually high pressures, a 
fresh set of difficulties, from those of ry experience, may 
be , and, therefore, too much stress must not be 
laid on these failures. 

No.1. (See Fig. 1.) Janwary 1st, 1 killed.—Domestic, 
saddle, welded joints. Used for warming a large building. 
The frost had stopped up the circulating pipes, and ‘the 
oy re of steam increased till the boiler could sustain it 
no longer. 

No. January 2nd, 1 killed.—Domestic. The fire 
was lighted when the taps were closed, and the accumulat- 
a. exploded the boiler. 

o. 3. (See Fig.2.) January 6th, 7 killed, 10 injured. 
—Plain cylinder, 26ft. long, by 6ft. 6in. diameter, 4 in. 
plates, 25 lb. pressure, longitudinal seams, about 35 years 
old. Much patched, and too weak to bear the usual pres- 
sure. The pressure gauge was said to have been incorrect, 
and the float did not work properly. 

No. 4. January 6th, none ingured.—Two-furnace up- 
right, 21ft. high, by 7ft. diameter, ysin. plates. Tu 
3 ft. 6in. diameter, with cross tubes, 501b. pressure. One 
of the cross tubes had become choked with mud, which pre- 
vented the contact of the water with the iron, and caused 
overheating and rupture. 

No. 5. January 7th, none injured. — Elbow boiler, 
27 ft. long, by 4ft. diameter, }in. plates, tube 2 ft. 4 in. 
diameter, 70lb. pressure. The tube became overheated 
oom shortness of water, and collapsed about 34 in. down- 
wards. 

No. 6. January 9th, none injured.—Heating appa- 
ratus, 4ft. high, by 2ft. wide. Burst from over-pressure, 
frost having ca in the pipes. 

No. 7. (See Fig. 3.) January 21st, 6 killed, 19 injured.— 
Lancashire, one of three, 28 ft. long, by 5 ft. Gin. di q 
Tubes 2 ft. 6in. diameter, 641b. pressure, 9 years old. The 
plates had been so reduced by internal 
were too thin to stand the accumulating pressure during 
the dinner hour, when the machinery was standing. The 

lates were in many places reduced to yyin. Considerable 
mage was done to property. 

No. 8. (See Fig. 4.5 January 23rd, 1 killed.—‘‘ Breeches 
tube,” 13 ft. long, by 6 ft. diameter, ,4 in. plates, 50 Ib. 
pressure. Tube 3ft. diameter at fire end, 1 ft. 6 in. at 
stack end. The tube collapsed in second and third rings 
from fire end, the plates having become overheated from 
shortness of water. 

No.9. February, 2 injured.—Plain cylinder, one of 
seven, 30 ft. long by 4 ft. 6 in. diameter, # in. plates, 37 Ib. 
——. The plates on the side gave way where over- 

eated from shortness of water, and the boiler was thrown 
forward. 

No. 10. February 8th, 1 killed.—Plain cylinder. No 
particulars obtained. 

_No. 11. (See Fig. 5.) February 10th, 2 killed.—“ 
right,” 6 ft. high, and 2 ft. 9 in. diameter, jin. plates, 30 Ib. 

— eS ~ on ann Me <_< been — an 

our r m re , e@ spring safety valve 
had been emewel Gown so as to prevent the free escape of 
steam. There was no > pressure gauge attached to the boiler 
or The fr commenced at the 
manhole, and extended from top to bottom of the boiler. 

No. 12. as 26th, 1 my a pear ge 130 lb. 
pressure. e bottom part of the K gave way, being 
much reduced by internal corrosion. 4 <j 

No. 13. (See Fig. 6.) March 1st,1 killed, 1 injured. 
—Cornish, 20ft. long, 7 5 ft. 9 in. diameter, ? in. plates. 
Tube 3 ft. diameter, 45 lb. pressure. The tube being un- 
strengthened by rings, collapsed nearly from end to end, 
through injury from shortness of water on some previous 
oceasion. The shell and part of the tube were thrown for- 
ward, and the remainder of the tube, with one of the ends, 
was thrown some distance to the rear. 

No.14. March 15th, 1 killed, 2 injured.—Marine ver- 
tical, 8 ft. high, and 5 ft. diameter, 57 Ib. pressure. The 
cause of explosion was over-pressure, the valve being locked 
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The general report upon the puocsetiingn of the company 


is given at the annual meeting in August, 
on last year's explosions may be 


test number to the list of 

» 8 80 
country is for their use. 
Cornish or i 


t afew remarks 


useful. 
explosions, mentioned in the records, Nos. 4, 6, 13, 
assured by this com; aaa eee on 


is ever 


& proportion of the steam power of the 
hire boilers have exploded most fre- 


quently, and contributed the most fatal cases during the 
year Gack, be — 7 and 66). Itis believed these boilers 


any others, 


and hence the large number 


have been from well-known 


of explosions. a 
» and should i the of this fi of 
causes, 8 not discourage use _s Tine “3 


boiler, as, when py ae and 


tabes, they can be made to work safely to give a very 
More than half the explosions of the year have been from 
those causes moro i under the control of the at- 


seoduole, Gs desmribed under the beading © 
Several fatal 
heaters made 


have occurred with boilers or 
of tubes (such as Nos. 62 and 64). 
The demand for pressure much higher than the usual 70 lb, 





t by corrosion. 

No. 15. (See Fig. 7.) March 22nd, 2 killed, 6 injured. 
—Lancashire, one of sixteen, 30 ft. long, by 7 ft. diameter, 
vs in. plates. Tubes 2ft. 2 in. diameter, 45 lb. pressure. 
The ) a coe by external corrosion, until too 
weak to bear the ordinary pressure, was rent into many 
iageente. which were scattered soln 
0.16, March 24th, none injured.—Two-flued. One 
flue collapsed from overheating through shortness of water. 

No. 17. (See Fig. 8.) April12th, 2 injured.—Cornish, 
20 ft. » by 5 ft. diameter, £0 1b. pressure. So very 
much patched and worn as to be unfit to bear any 


Lancashire. One of two, 


corrosion, that they | 3 


tubes collapsed from shortness of water, but dangerous 
consequences were prevented by the s' en a — 

No. 22. (See Fig. 12.) ay 13th, ot —., eT 
cy. , plates arranged lengthways, . » by 
6 in. diameter, #in. plates, 32 Ib. pressure. ve way 
from a seam rip ata itudinal seam on right-hand side. 

No. 23. (See Fig. 13.) May 15th, 2 killed.—Cornish. 
One of two, 18 ft. long, by 5 ft. diameter. Tube 3 ft. 
diameter, #in. plates, 60 ib. pressure. The water was 
allowed to get too low, when the plates became overheated 
and collapsed. 

No. 24. (See Fig. 14.) May 20th, 2 injured.— Revolving 
rag boiler, 15 ft. long, by 6 ft. 6 in. diameter, 43 Ib. pres- 
sure. For the convenience of uent opening, the manlid 
bolts were — at one end, and slipped into notches in 
the lid; therefore, although the lid was made steam tight, 
it did not maintain its strength, and split, when the re- 
action of the issuing contents displaced the boiler. 

0. 25. (See Fig. 15.) May 21st, 6 injured.—Marine, 
35 Ib. pressure, 14ft. long, by 7 ft. diameter. Two tubes, 
3 ft. 6in. by 2 ft. 6 in. diameter, and eight tubes, 6 in. dia- 
meter, four years old. It was presumed that the safety 
valve was set fast, causing undue pressure. 

No. 26. May 28th, none injured.—Cornish, 40 lb. pres- 
sure. The tube was rent, having been much weakened by 
external corrosion. 

No. 27. (See Fig. 16.) June 4th, 1 killed, 3 injured.—Port- 
able, multitubular, 7 ft. 6 in. long, by 2 ft. 9 in. diameter. 
# in. plates, thirty-six tubes, 23 in. diameter, 90 lb. pressure. 
The front gave way, having been much weakened by 
the holes for fittings being in one line. : 

No. 28. (See Fig. 17.) June 9th, 1 killed.—Model boiler, 
11 in. long, by 4 in. diameter, made of ccpper, with slightly 
dished pm 4 seams all soldered. Heated by a spirit lamp, 
which having been accidentally shifted, melted thesolder, and 
allowed the back end to be blown off, when the reaction 
from the issuing steam blew the boiler against the head of 
the lad who e it. 

No. 29. (See Fig. 18.) June 10th, 3 killed, 8 injured.— 
Cornish, 18 See, by 5 ft. diameter, # in. plates. Tube 

ft. di , 30 Ib. pressure. The tube collapsed nearly 
from end to end, from shortness of water. There was no 
fusible plag, and the usual level of water was only 4 in. 
above crown of tube. 

(To be continued.) 


FOREIGN AND COLONIAL NOTES. 

Coal at Boston, U.S.—English cannel coal has been 
selling at Boston, U.S., in small lots at 24 dols., and Scotch 
and American cannel at 10 dols per ton. In Cumberland 
and gas coal there have been scarcely any transactions, and 
prices are unchanged. Anthracite has been in steady but 
moons cope retail demand with sales at 7.50 dols. to 8.25 dols. 
per ton. 


Locomotives on the Philadelphia and Reading.—The 
Philadelphia and Reading Railroad Company owns 410 
locomotives, of which 357 are first-class, 45 second-class, 
two third-class, and six fourth-class. Of the 410 locomo- 
tives, 365 are generally in daily use. 

Gas at Philadelphia.—The production of gas effected by 
the trustees of the Philadelphia Gas Works in 1875 was 
1,873,192,000 cubic feet, or 106,924,000 cubic feet more 
than in 1874. The charge made for the gas supplied is 








led | 2.15 dols. per 1000 cubic feet. 


Another Great American Bridge.—A project has been 
matured for the construction of a suspension bridge across 
the Hudson at Peekshill. The bridge will, according to 
the plans which have been prepared, 165 ft. above high 
water mark, and the span will be 1600ft. A, bridge com- 

ny, of Philadelphia, wil] erect the superstructure of the 
bri . The cost is estimated at 3,000,000 dols. An at- 
tempt is to be made to raise the capital in Great Britain. 

New York and Brooklyn.—In 1845 New York had a 

pulation of 371,223, while the number of inhabitants in 
Brooklyn was 59,574. In 1875, the population of New 
York had grown to 1,046,037, that of Brooklyn to 484,616. 

Turkish Fortifications.—A fortification is in course 
of construction in the village of Franka, in the suburbs of 
Varna. It is to be named after the Sultan’s eldest son, 
the Yussuf Izzedin fort. It is stated that the Tur 
authorities contemplate the formation of a port at Varna. 


Amsterdam Ship Canal.—A Bill has been presented to 
the Second Chamber of the Low Countries, the object of 
which is to authorise a company formed for constructing s 
canal from Amsterdam to the sea to issue mortgage bonds 
to the extent of 200,0001. The lands of the company are to 
be assigned to the ondholdors by way of security. 

Great Northern Te h Com ong number of 
despatches transmitted in January by the Great Northern 
Telegraph Company was 40,340, as com with 37,131 





pressure. 
No. 18. (See Fig. 9.) foot 15th, 1 killed, 3 injured.— 
25 ft. 2in. long, by 7 ft. d ter, 

yein. plates. Tubes 2 ft. 11 in. diameter, 48 lb. pressure. 


in J y, 1875, The revenue collected pecwmeeny © 
— was 11,0311., as compared with 10,5741. inJanuary, 


External corrosion had weakened the plates, so that the | 187 


boiler could not sustain the usual working pressure, being 
reduced in some to vs in. 

No. 19. (See Fig. 10.) April 28th, 2 killed, 3 injured. 

i ‘ eden gee i y 
23 lb. pressure, # in. plates, i in. 
sion had set in along the brickwork seating, 


The Bank of France.—M. Schneider, the eminent Pon 
industrial, was a regent of the Bank of France, and 

death, of course, occasioned a vacancy in the list of regents. 
This vacancy has been filled up by the election of M. Gouin, 
also well known in the French industrial world. 


Constantinople Mi litan Railway.— rovements 
being carried out at Galata terminus the Con- 
stantinople Metropolitan Tunnel Railway. The roofing-in 
of the station’ is nearly co , is 





mpleted larger space 
; aeeliat- See walling seem teat Se: a es have been 


in a more convenient 
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AN EXPERIMENTAL STEAM ENGINE. 

Ir is singular that in a country like ours, where 
the prosperity of so many manufacturers depends 
upon the economical use of steam power, so few 
really satisfactory experiments should have been 
carried out upon the performance of steam engines 
of different types and working under different con- 
ditions. It is true that many so-called engine. trials 
have been from time to time made, but all who 
have thoroughly analysed the records of such trials 
and examined the modes of obtaining the results are 
well aware that but a small proportion of these 
trials are entitled to be considered as really scientific 
experiments. In the records of but too many trials 
we find a paucity of information which renders 
them useless, while in others the results bear 
evidence of a looseness in making the observations 
which at once destroys their value. That this 
should be so is, no doubt, to a great extent, due to 
the fact that few of those who have it in their 
power to carry out engine trials, have ever paid 
that attention to the subject which is so essential to 
trustworthy results. Totest an engine thoroughly 
is by no means a complicated matter; but it re- 
quires not only a certain amount of special know- 
ledge to avoid falling into errors, but also a strict 
attention to accuracy in small details, which un- 
trained observers do not all possess. Few, indeed, 
but those who have had actual experience in the 
carrying out of engine and boiler trials thoroughly 
comprehend how readily errors creep in, and what 
careful supervision is required to avoid them. 

There can be little doubt that the want of ex- 

erimental data to which we have adverted, and the 
inaccuracy of many of the statements concerning 
steam engine performance which have been put 
before the public, have done more than anything 
else to delay the introduction of really high-class 
steam engines. It is to these causes that we must 
attribute the unbelief which still exists in the minds 
of many engineers respecting the utility of the steam 
jacket, the advantages of compounding, and other 
points in steam engine construction, which, had 
accurate data been abundant, would have been 
settled years ago, beyond all dispute. Under these 
circumstances we believe our readers will regard 
with special interest the arrangements to which we, 
in the present article, propose to call their attention. 


There are a few engine builders in this 
country who have carried out so many experiments 
on steam engine performance as Messrs, B, Donkin 
and Co., of Bermondsey, and certainly none who 
have devoted more attention to the details of such 
trials and to the perfection of a system of testin 
whereby it is possible to combine accuracy wit. 
readiness of application. We have frequently had 
occasion to refer to the system of testing engines by 
the measurement of the heat carried off in the con- 
densing water,* worked out by two of the members 
of the firm, Mr, B. W. Farey and Mr, B. Donkin, 
Junior, and we need only repeat here that we know 
of no other system which can compete with it for 
convenience of application and accuracy of results. 
During the past ten years Messrs. Donkin and 
Co. have carried out a very large number of trials 
on this system and have tested a number of engines 
of different types, but notwithstanding the data 
which they had thus collected they came to the con- 
clusion that there were certain questions connected 
with the influence of piston speed, variations of 
steam pressure, and ratios of expansion, &c., which 
could not be definitely settled by trials of different 
engines working under different conditions, and 
this led them some sixteen months ago to erect at 
their works a small compound engine solely for ex- 
perimental purposes. It is of this engine and the 
mode of using it that we propose to speak in the 
present article. 


The general arrangement of the engine and 
of the apparatus connected with it is shown 
by our engravings on pages 904 and 212. . The 
engine itself is a horizontal compound, con- 
eee = hae Wing h & Ferey's ea and similar 

gen co ion to the. lar, ine of 
Mesars, B. Donkin and Co.'s datas of which we 
gave a two- engraving with our number of 
April 24th, 1874, and which we described in detail 
at the time. As many of our readers will remember, 
two of the ial polnts of. this engine are, Srat 
the manner in which the pistons are. supported by 





* An account of this system of testing 


culars of the mode of it out in pypetice will be 


——-- 
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the rods so that their wei does not rest:on the 
bottoms of the cylinders, and the manner in 
which the valve.of the low-pressure cylinder is 
driven from the valve of th high. ressurée cylinder 
by ® fod" Workiig fir thé“ eRheaet ge. of the 
latter, there being ‘thus but four stuffing-boxes 
throughout the engine, namely, one for each piston 
rod, one for the high-pressure main valve — 
and one for the expansion valve spindle, cy- 
linders of the experimental engine—which is rated 
as a 6 horse—are 6 in. and 10 in. in diameter re- 
spectively, and the stroke is 1 ft. Both cylinders 
are steam jacketted, the connexions being so ar- 
ranged that the steam can be admitted to or shut 
off from either or both jackets, while it can, if 
desired, be made to circulate through the jackets on 
its way to the high-pressure valve chest, or the 
jacket supply can be made independent of that to 
the engine. 

The fiy-wheel of the engine is 4 ft. 11 in. in 
diameter and 7 in. wide on the rim, and to it 
is applied a friction brake, the brake strap being 
fitted with Mr. Amos’; compensating levers like 
the brakes used by the Royal Agricultural Society, 
so that the! load is s y carried. The load 
is hung on the brake at a radius of 2.61 ft., so 
that the effective circumference of the brake is 
16.5 ft. Two counters are, applied to the engine, 
one being outside the engine-house, and being driven 
by a 1 shaft fixed to the end of ‘the crankshaft 
and extended through the~engine-house wall, as 
shown in Fig. 2, page 212, the other is driven 
from the governor spindle, which is géared to: the 
crankshaft, so. that it revolves. at the same speed as 
the latter. The object of providing two counters is 
that the number of revolutions made may be noted 
by two observers, and that a check may thus be kept 
upon the action of the counters. In addition to the 
counters the engine is also fitted with one of Mr. 
Hearson’s strophometers,* by which the speed at 
any given moment may beat once seen, This instru- 
ment, we may remark, is found to give very trust- 
worthy indications. 

The arrangements for taking indicator diagrams 
from the engine will be at once understood on refe- 
rence to Fig. 1, page 212. As there shown a sus- 

nded lever is driven from the crosshead, and this 

ever can by means of a link having a hook or gab 
at one end be readily connected to, or disconnected 
from, a horizontal sliding bar moving in suitable 
guides. To this bar are attached the strings of four 
indicators, these strings being led down to the in- 
dicators over pulleys, arran, as shown. By 
this arrangement the four indicators can be at 
once started or stopped simultaneously. The 
four indicators—one for each end of each cy- 
linder—are fitted to specially made cocks, these 
cocks being constructed so as to shorten the 
length of the passage between the indicators and 
cylinders as much as possible. Messrs, Donkin 
have, we may remark, carried out a number of ex- 
periments on the effect of different modes of mount- 
ing indicators, ‘and ‘these experiments show' con- 
elusively that to insure accurate results it is essential 
that the communicating ——- should be as short 
and direct as possible and of ample area. These re- 
marks apply especially to the fitting of itidicators to 
the low-pressure cylinders of compound engines, as 
in such cylinders the mean effective pressure is low, 
and even a small error in the indications of the indi- 
cator is of great im ce.. We have seen in- 
stances in which the apparent indicated power has 
been reduced over 20 per cent. simply by the mal- 
arrangement of the indicator connexions, We may 
state here that Messrs. Donkin make it a practice to 
test. the performance of each indicator spring by 


co! ison with a mercurial < 
We now come to the arrangements for measuring | P® 


the quantity of heat discharged from the condenser 
in the case of the experimental engine we are de- 
scribing. Referring to Figs. 1 and 2 on page 212, 
and "Vig. 3 on 204, it. will Be’ seen that 
the water discharged from the ‘hot-well falls into a 
trough having perforated screens placed across it, 
this trough bending round at <0 angles, and con- 
ducting the water into the tumbling bay tank. This 
tank is fitted with several ‘transverse partitions, 
-under, over; and through which the water passes, so 
that the current is thoroughly steadied before reach- 
ing the tumbling bay. Frém the tumbling’bay tank 
the water through a notch, 1} in. wide, ina 
thin plate, the head of water over this notch being 











mieaguted by floatiand index in: thé’ maniier we ex- 


plained fully in our article on this system of testing 
which appeared on 98 of our nineteenth volume. 
The tem: 0 water di from the 


condenseris measured by two sensitive thermometers, 
the one placed so that the water falls upon it-directly- 
it leaves the hot-well, and the other situated so that 
@ water falls upon it on escaping through the notch 
of the tumbling-bay. The temperature shown -by 
the first of these thermometers:is that employed in 
calculating the units of heat discharged ; the second 
thermometer is used merely ‘as a check, and as 
showing the temperature of the water as it actually 
escapes over the notch. A third thermometer placed 
in the cold-water tank gives the temperature of the 
injection water, The water formed in the steam 
jackets by the condensation of ‘the steam is te. 
ceived by two steam traps arranged as shown in the 
views on page 212, the discharge from these traps 
being received in buckets and duly weighed. 

In order to further secure trustworthy results, 
Megers. Donkin have provided in connexion with 
their experimental engine arrangements by the aid 
of which the coefficient of discharge from the 1} in. 
notch of the tumbling bay can be accurately ascer- 
tained. These arrangements will be readily under- 
stood on reference to Fig. 2, ‘page 212, and Fig. 3 
on page 204. From this latter figure it will be 
seen that the water discharged from the tumbling 
bay is shown falling into a scoop, which conducts 
it to a small tank, this tank communicating by a 
pipe with a measuring tank situated outside the 
engine-house, as shown. When the —_ just 
mentioned is raised into the position shown by the 
dotted lines, the water from the tumbling bay falls — 
into a waste watér tank, and passes thence into the 
drain, this being the normal condition of things when 


an iment is being carried on, — however, 
it is desired to test the coefficient of | arge, the 
scoop already spoken of is lowered tntil it isas close 


as possible tothe stream of escaping water without 
touching it, and then at a Bde sia it'is promptly 
ushed down into the position ‘shown in Fig. 3. 
The water then runs into the measuring tank, and it 
is allowed: to so run for a convenient number of 
minutes when the scoop is ply Taised, and the 
flow into the measuring thus shut off. ‘The act 
of lowering or raising the ecodp so as to intercept 
or not intercept the stream of water occupies but a 
small fraction of a second, and’ thus the stream can 
be allowed to run into the meaguriig tank for a 
given number of minutes with great accuracy. 
The measuring tank is provided with a scale and 
a large float carryifig ‘an indéx, the’ graduation of 
the scale having been prepared by weighing quan- 
tities of water into the tank at a known temperature. 
By allowing the water from the ‘tumbling bay to 
flow into this meastring tank for a given number of 
minutes, the actual discharge ard ute is obtained, 
and dividing this ‘discharge by that theoretically 
due to ‘the head of “water, gives the reqnired‘co- 
efficient, “We shall give an“inttance of such an 
rperiment presently. , 

e may now describe a trial, at which we were 
present, made with this —— in October last. The 
trial in question was e under the . following 
leading conditions: The steam was supplied at a 
boiler pressure of 45 lb. per ‘inch, and was 
cut off at between % and 4 é in the high- 

reassure cylinder; the speed being controlled 
the governor which was connected to the 
throttle valve. ‘The stéam ‘was admitted to the 
of the low-pressure cylinder only, and d 
that jacket on its way to the high-pressure 
valve chest. e nominal speed fixed upon was 100 
revolutions ‘per minute, and the friction ‘brake 
carried a load of 1501b., corresponding to 7.5 horse 
wer at this nominal speed. ‘ , 
' The trial lasted one hour, and the results aré re- 
cordedin the Table on the next page, and which is a 
ion of theform employed b: ‘Messrs, Donkin 
for recording their trials. From Table it will 
be seen that seven sets of indicater diagrams were 
taken during the‘run, and that the mean indicated. 
power dedueed from these diagrams was 9.42 horse 
power, while the'brake horse power was 7.32, the 
actual speed. being a Jittle below: the nominal, 
namely, 97.8 revolutions per minute. The brake 
horse power thus amounted to 77.7:per cent. of the 
indi power. The speed, we may remark, 
was constant, the extreme*variation shown 


the ‘strophometer: TE revolutions , 
ty rophometer; being 1f re se aa 


jacket 
t 


e temperatures 
of water over the 








found on page 98 of our nineteenth volume. 


# For a description and {lJustration of this instrument, 
see page 111 of our nineteenth volume 


. 





Th of the water 
from the hot-well and the 
tumbling bay, as shown by the float, were observed 
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EXPERIMENTS ON SIX-HORSE POWER COMPOUND STEAM ENGINE, AT MESSRS. B. DONKIN AND CO.’S FACTORY, 


BERMONDSEY, LONDON. 


Experiment No. 73.—Diameter of Cylinders, 6 in. and 10 in. ; Stroke, 1 ft. 


Zaperiment made by Messrs. Fanzy, B. Donxrn, Jun., 


and F. Saursr, Mr. Maw being present. 
B. Donxrn and Co. Date, October 1st, 1875. 


Steam in Jacket of Low-Presswre Cylinder only. Engine made by Messrs. 
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3 2 —_ PRESSURE FROM INDICATOR | INDICATED HorsE = . 
z . ad D1aGRas. Powsr. oe: 
. | ; Quantity. Temperature. 3 
a ("| & i Hi on ore Es WORK ON, &c. 
% | Pe 3 lb ls pA z i g | | EH: 
38 | ‘sc : =, $ ode tee Small aiene os if | le 
HH rf : $23 FE ad |: ; | Cylinder is by | 3 ee 
Zz sis Bi EAE | Sa EE) eo E Be |e 
bh. m. Ib. Ib. } 
| 24.80 | Top 11.45 PS Brake horse power =7.32. 
. | i | (| othe 24-91 | Bottom 12.01 | j} ot om Steam cut-off between rs and } stroke. 
P Top 24.77 Top 11.24 | Throttle valve in connexion with governor. 
. |= : # r F F Bottom 25.18 | Bottom 11.78 «| Stop valve full open. 
8 wo\ii2|2/]4 s | & Top 25.46| Top 1140|\\2 | g | @ 
. Sisis * 3 | B | & | B|| Bottom24.16 | Bottom12.10|/4 | «6 | o 3 
a ere & & | 2 | $ | s | sJ| Tor 2595) Top 1.48 /| 
HE EIEL ETE j| ated mamas rh FEE 
s |40 || f 5 F 5 H F Bottom 28.10 | Bottom 11.82 | | % '4j/4/< 
6 | 4.10 $ < | ~ | 4 | 4 | 4]| pakng076 | Bottom i188 | 
| Top 23.54| Top 11.26 
7 | 419 | || Bottam 22.97 | Bottom2.00 |} | | 
Mean 24.21 | Mean 11.63 , 
Quantity of water from steam jacket, connecting pipes to traps, &c., in 1 hour, 384 lb. 
and recorded every minute, while the thermometer 
immersed in the cold-water tank (into which water Uy 
from the water company’s main was running nearly Fi 3 ee 
all the time) was observed at the beginning, middle, 1g. 3. ae 
and end of the run. The temperature of the water _ 
discharged from the hot-well was, as we have Sh 
faye | mentioned, observed at two points, namely, ry, Biz Pimp | 
just when it left the hot-well, angafter its discharge YY ‘ " sgueperel 
over the notch of the tumbling bay, and it is y tiie * = 
worthy of mention as showing to how small an } — | 
extent the water became cooled in passing through ———_——_— 


the channels and tanks, that while the mean of the 
readings of the thermometer at the first point was 
96.85 deg., that of the thermometer at the tumbling 
bay was 96.64 deg. The water discharged from the 
steam jacket and condensed in the connecting pipes 


leading to the steam traps during the trial, was |. 


collected and weighed, and amounted as recorded 
in the Table to 38% Ib. 

At the end of the trial the zero of the scale against 
which the pointer of the float worked was adjusted 
in the manner explained in our. article* on Messrs. 
Farey and Donkin’s system of testing, to which we 
have already referred, and the readings taken during 
the hours run were then revised by the amount 
which this adjustment showed to be necessary. 

After the trial had been in progress ten minutes 
an experiment was made to test the coefficient of 
discharge of the notch of the tumbling bay, by 
running the water into the measuring tank in the 
manner already explained. In the present instance 
the water was thus run into the measuring tank 
fora period of eight minutes and during the trial it was 
found that 849.8 lb. of water were discharged, or 


106.11b. per minute, During the same period the - 


observations of the float index showed a mean head 
of water over the tumbling bay of 2.0] in. The 
width of the tumbling bay being y de the theo- 
retical disc due to this head at the temperature 
of 97 deg. would be 170.5 Ib. of water per minute, 
and the coefficient of discharge of the notch is thus 
found to be in this case ae =0.622. By the use 
of this coefficient in the ordinary formula for dis- 
charge over a the mean di can, of 
course, be readily calculated.t As recorded in the 
Table annexed the water disch per minute, 
thus ascertained, amounted to 105.5 |b.,and the mean 
rise of temperature of the condensia»g water bein 
36.48 deg., there were thus 105.5 x 36.48 = 3848.64 
pound-degrees per minute, or ae = 408.6 
— per indicated horse power per mi- 
nu 


It is this “ number of pound-degrees discharged 


* Vide page 98 of our nineteenth volume. 
On Sent Senet velme we blished a 
dierent bends eves a Gin metab.” : an 






































r indicated horse power per minute” which 
+a Donkin employ as their standard of com- 
parison for different engines, and a very convenient 
standardit is. Broadly speaking, it may be said to 
represent the heat wasted in aveloping a horse 

wer during one minute, and of course the smaller 
it is the more economical is the engine. In the case of 
Messrs. Donkin's engine at Mr. C. R. Collins’ paper- 
mill at Hele, Devon, with which an exhaustive trial 
was carried out in 1871 (vide page 279 of our twelfth 
volume), the “ constant” obtained was 337.6, but in 
the case of the small experimental engine of which 
we are now speaking, it is of course higher, the 
pressure of steam being lower and the small size of 
the engine being against its economical perfor- 
mance, 

The great advantage of this system of testing is 
that it takes direct account of the Aeat used, ae 
thus ee check on the quality of the steam as 
well as the quantity. Of course the constants 


& | obtained in the manner we have explained the con- 


sumption of steam in pounds per horse power per hour 
can, if desired, be eneeney atk Thus 
in the experiment of which we have been giving an 
account, the steam used entered the engine at 45 lb. 
aoe and was (with the exception of that con- 

in the jacket) discharged as water at a tem- 
perature of 96.85 deg. Again, the discharge over the 


tumbling bay amounting to 195-560 _ g79 yp, 
per horse power per hour, and this discharge is made 





















































up partly of the steam condensed and partly of the 
water used for condensation. The proportion of 
this which is condensed steam may be found as 
follows : 

2; Some steam is condensed in the cylinders and 
jacket to supply the heat transformed into work, the 


heat thus transformed amounting to sae 


2565 units per horse power perhour. Of the steam 
condensed to supply this heat a portion is withdrawn 
from the steam jacket as water at a temperature due 
to the boiler pressure of 45 1b. per square inch above 
the atmosphere, while the other portion will, during 
the performance of work in the cylinder, be reduced 
to the temperature due to the final —— in the 
low-pressure cylinder, or about 1] lb. per square 
inch absolute. . The total heat of steam at a pressure 
of 45 lb. above the atmosphere being 1203.2 deg., 
and its temperature 292.7 deg., it follows that each 
pound of steam condensed in the jacket will yield 
1203.2—292.7=910.5 units of heat ; while as 

e temperature of steam at ]] Ib. absolute pressure 
is 197.8 deg., each pound of steam condensed into 
water at that temperature will yield up 1203.2— 
197.8=1605.4 units of heat. It is impossible to say 
precisely what proportion of the steam condensed 
to supply the heat uired for transformation 
into work is conden in the jacket, but we 
may assume without introducing any sensible 
error that half is so condensed, in which case the 
heat supplied by each pound of steam con- 
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36.48 
36.48, and we thus get 667 * 36484110635 


21.28 Ib. as the amount of steam condensed per 
horse power per hour in the condenser. 

Disregarding then the small amount of condensa- 
tion due to external radiation, we have a total of 
21.28+2.68=23.96 lb, as the water consumption 
per horse power per hour of the experimental engine 
when working under the conditions we have de. 
scribed. This consumption is decidedly low for 
such a small engine worked with steam of such 
moderate pressure, although it is greater than 
that of Messrs. Donkin’s larger engines of the 
same type. We may remark that the quantity 
of water drained from the steam trap connected 
with the steam jacket during the eriment we 
have been describing amounted to 38} 1b., but this 
included the condensation due to radiation from 36 
square feet of unprotected surface exposed by the 
trap and the connecting pipes. If we estimate 
the condensation due to this radiation as paige ox 
to about 20 Ib. of steam during the hour, we shal 
have remaining 18} 1b. to be accounted for. But 
we have assumed above that of the 2.68 lb. of steam 
required per horse power per hour. to supply the 
heat transformed into work, one half or 1.34 lb. is 
condensed in the jacket, and as the engine 
developed 9.42 horse power the condensation in the 
jacket from this cause would be 9.42x1.34= 
12.62 lb. Subtracting this from the 18} lb. just 
mentioned we shall have left a little under 6 Ib. 
per hour to be accounted for by condensation 
produced by radiation from the two cylinders, 
valve chests, &c. 
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An interesting point worth notice here is the in- 
fluence of the piston and valve friction upon the 
pound.degrees of heat discharged in the condensing 
water, the friction of these parts producing heat 
which is imparted to the steam, and consequently 
raises the pound-degrees dischar In the case of 
the engine under notice, probably three-fourths of 
the difference between the indicated and the brake 
horse power may be taken as due to the friction of 
the pistons and valves. ‘This difference being 2.] 
2.13 


7. =1.6 horse power for 








horse power, we have 


piston and valve friction, a power which corresponds 

f 1.6 x 33,000 
772 

per minute, or in other words, this cause would add 


_68 _» pound-degrees to the ‘‘ constant” which, 


9.47 
according to Messrs, Donkin’s system, is taken to 
represent the performance of the engine. 

fe annex indicator diagrams taken from Messrs. 
Doukin's experimental engine at the beginning 


to the development o =68 pound-deg. 


__|of the trial of which we have been given an 


account. We must add that in examining the 
results we have been recording, it must be re- 
membered that this small-sized experimental engine 
cannot be expected to compete as regards economy 
with larger engines, and its steam consumption must 
therefore only be taken.as that due to an engine of 
this type and size working under the conditions we 
have explained, In some of the experiments with a 
heavier load the “constant” of this experimental 
engine was reduced to 370, while with one of 
Messrs. Donkin’s larger engines at the Hele paper- 
mills, the ‘* constant” was, as we have already stated, 
337.6, the consumption of water per indicated 
horse power per hour being but 20,55 Ib. A com- 
parison of the ‘‘constant” of the Hele engine with 
that obtained in the experiment we have now been 
describing is interesting. The ‘ constants” in ‘the 
two cases are 337.6 and 408.6, and assuming the 
water consumption to vary in the ratio of the con- 

498.6 x 20.55 
stants, we should thus have — sre 


per horse power per hour as the consumption for 
the experimental engine under the described condi- 
tions. But, neglecting the loss by external radia- 
tion, we have already calculated the consumption in 
another way as 23.96 lb., and the difference 0.9 Ib. 
per horse power per hour, is not a large one con- 
sidering that in it is included the steam which is 
condensed to supply the loss of heat by radiation 
into the atmosphere. 
In conclusion we may remark that Messrs, Don- 
kin’s trials with their experimental engine have 
thoroughly endorsed the conclusions they had ar- 
rived at from previous experiments concerning the 
efficiency of the steam jackets and the necessity of 
employing .such a jacket if economy is to be 
obtained. Altogether, the extensive series of ex- 
aa conducted with this experimental engine 
ave demonstrated some very interesting facts, and 
Messrs. Donkin are certainly to be congratulated 
on their enterprise in undertaking such complete 
researches. 


= 24.87 Ib. 








THE ORIGIN OF MOTION.—No. V. 


1. Wearrived at the deduction in the last section 
that the s¢ationary vibration of the intervening medium 
due to the reflection of the waves (by disturbing the 
equilibrium of pressure of the medium) was the sole 
determining cause of the effects of attraction and re- 
pulsion, whether exhibited in the case of masses 
vibrating in air, on in the case of molecules vi- 
brating in the ether, and that the mere emission of 
waves without the production of s¢ationary vibra- 
tions in the intervening medium through reflection, 
would be incompetent to produce the effects, 


2. The Mode of Vibration of the Medium intercepted 
between two free Vibrating Masses.—It might be 
imagined on the first consideration of the subject 
that because the column of the medium intercepted 
between two free vibrating masses or molecules 
was without lateral support, or was without any 
rigid enclosing envelope, that, therefore, the column 
would have no stability, and could not, therefore, 
be thrown into stationary vibration with any degree 
of energy. A closer analysis of the question will, 
however, show that the facts are otherwise. An in- 
vestigation of this question will be found to consti- 
tute an extremely interestiug mechanical problem, 
and one of great importance from its "ne applica- 
tion to the case of all free vibrating masses or 
molecules whatever. We shall, therefore, endeavour 
to illustrate the subject in as clear a manner as 
possible, and only a proper share of attention is 
necessary to appreciate the facta. 

To illustrate the subject in the simplest way 
possible we will suppose the case of two circular 
metallic plates or discs vibrating in opposition to each 
other at such a distance apart that the interpepted 
cylindrical column of air is short relatively to its 
diameter, or the intercepted column forms a disc of 
air. Now we have to consider the precise way in 
which the air column vibrates in such a case. 

3. First it isa known fact that a column of air 
enclosed in an open pipe (or cylinder open at both 
ends) can be thrown into energetic vibration 
although the support of the ends is wanting. Here 
the column by dividing into two oscillating halves, 
may be thrown into forcible stationary vibration, 
or the two halves of the column may be made to 
oscillate backwards and forwards with any degree 
of energy ; for the rarefaction produced when the 





halves of the column move outwards forms a con- 





trolling support of great stability, the two halves 
of the column being driven backwards into their 
previous positions of equilibrium by the exterior 
air pressure (brought into action by the rarefaction 
within the pipe). In fact in this case although the 
ends of the pipe are open, the enclosed column of 
air recoils and tends to recover its equilibrium with 
an energy comparable to that of a bar of india- 
rubber when stretched. By this mode of vibration 
the sides of the pipe are absolutely necessary to 
prevent air from streaming into the central rare- 
faction, and thereby destroying the elasticity of the 
column. 

4. If, however, the air within two pipes be in 
synchronous vibration, then the two pipes (supposed 
to be of square transverse section) might be placed 
in contact side by side, and the common or adjacent 
sides removed (the two pipes thus blending into 
one), without in any way interfering with the 
stability of the vibration of the enclosed air, the two 
columns now oscillating as a single column of twice 
the width. Soin the same way two pipes in which 
the air is in synchronous vibration might be crossed 
centrally at right angles (or at any angle), the en- 
closed air of the pipes communicating freely at the 
junction without disturbing in any way the stability 
of the vibration of the enclosed columns of air. In 
this case when the air in both pipes vibrates syn- 
chronously, so that all the four half columns move 
radially outwards at the same instant, then the 
central rarefaction will not be interfered with, but 
the columns of air in the two pipes will oscillate 
with the same stability as if each pipe were complete 
in itself. This will be obvious when it is considered 
that when the two pipes are in synchronous vibra- 
tion, each tends to produce the same degree of 
central rarefaction at the same instant, and, there- 
fore, there can be no rush of air from one pipe to 
the other to interfere with the rarefaction. In like 
manner any number of pipes might be crossed 
radially at their centres (the pipes being here sup- 
posed to be in one plane) and the enclosed columns 
of air communicating with each other centrally, 
without in any way interfering with the central 
rarefaction provided all the air columns vibrate 
synchronously. 

5. Now the case of a disc of air intercepted 
between two parallel circular plates represents pre- 
cisely the case of a series of pipes, crossed radially 
in one piane in such numbers that the pipes blend 
into one another, and with the adjacent non-influen- 
tial sides removed, the whole thus forming a disc of 
air intercepted between two parallel circular plates. 
Thus a dise of air between two parallel circular 
plates can vibrate without the central rarefaction 
being interfered with, by the mass of air all diverg- 
ing radially from the centre at the same instant (in 
& manner analogous with the case of the radial 
pipes), the mass or disc of air oscillating like an 
expanding and contracting ring, the period of 
oscillation of the air disc being approximately that 
of the two air segments in an open pipe -whose 
length equals the diameter of the disc. By this 
mode of vibration all the conditions for elasticity and 
stability are present, and accordingly the disc or 
column of air can vibrate circumferentially with 
great energy, the mode of motion of the air along 
any diameter of the disc being analogous to that 
of the air in an open pipe laid along that diameter ; 
and here the friction of the sides of the pipe is, to 
a great extent, dispensed with. 

6. This, therefore, is the way in which the column 
of air vibrates intercepted between two opposed 
vibrating masses, or the column of ether intercepted 
between two opposed vibrating molecules ; and this 
is the only possible mode of vibration under these 
conditions consistent with equilibrium, stability, and 
elasticity. The vibrating discs in impinging against 
the elastic column of air, compress it and drive it 
out circumferentially, the above form of vibratio 
being, therefore, at once naturally and unavoidably 
set up. 

The above mode of vibration of the air column as 
a single expanding and contracting ring therefore 
corresponds to the division of a column of air in 
an open pipe into two oscillating halves or segments. 
By a more rapid period of oscillation of the two 
metallic plates, the air disc would naturally break 
up or divide into several concentric oscillating rings 
(or annular segments), in analogy with the division 
of the column in an open pipe into several oscillat- 
ing longitudinal segments ; the period of oscillation 
of each ring or annular segment being approximately 
that of a longitudinal segment in an open pipe laid 





along a diameter of the disc, the length of which 
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longitudinal segment equals the breadth of the ring 
of air. 

The air column also vibrates longitudinally due to 
the approach and recession of the plates from the 
column (within small limits) in the act of vibration ; 
and also partly due to the fact that the outward cir- 
cumferential vibration of the column tends to con- 
tract it longitudinally, and the inward movement to 
elongate it. So, conversely, the contraction of the 
length of the column due to the approach of the 
vibrating discs drives the column out circumferen- 
tially, and the elongation of the column due to the 
recession of the vibrating discs causes the column 
to contract radially, the radial vibration of the 
column being thus inevitably set up by the longi- 
tudinal vibrations of the discs. If we imagine the 
space between the discs to be laterally enclosed by 
an elastic cylindrical envelope, then the compression 
of the air column by the approach of the discs would 
cause the elastic envelope to bulge radially ; and 
conversely by the recession of the discs. We might 
suppose the disc or column of air intercepted between 
the two circular metallic plates to be replaced by a 
disc of india-rubber, when the vibration of the 
plates would cause the disc of india-rubber to 
vibrate radially and longitudinally ; the approach 
of the vibrating plates driving out the india-rubber 
radially (and conversely by the recession of the 
plates). with an intercepted disc of air, only 
the air is incomparably more elastic and more readily 
thrown into vibration. Indeed the slightest ap- 

roach of the discs would drive the air out circum- 
erentially and cause the above form of vibration as 
a natural consequence ; in fact the air column is so 
elastic when vibrating in this manner that it would 
prabably be difficult to disturb it in any way with- 
out inducing this form of vibration. The radial vibra- 
tion of the air column effectually keeps back the 
outer air from entering the rarefied axis of the 
column, and by this mode of vibration the column 
has a perfect stability and might be thrown into 
vibration with great energy; the rarefied axis 
affording a perfect elasticity and serving to control 
forcibly the vibrations of the column (or expanding 
and contracting ring of air). 

7. Since the rarefied axis (by bringing the out- 
ward air pressure into play) forms the only point of 
support to the vibrations of the column, this rare- 
faction or strain on the axis therefore increases as 
the vibrating energy increases; the radial vibration 
of the column tending forcibly to expand it radially 
or to shake its vibrating parts asunder, the axial 
rarefaction of the column drawing or “ sucking” the 
two opposed plates together, as is observed to be 
the case in the actual fact. The two plates or discs 
are, as it were, “sucked” together under the action 
of the radial vibrations of the intercepted air column 
or vibrating ring of air, much as they would be by 
placing an india-rubber ring in air-tight slipping 
contact between the discs, and expanding the ring 
radially by an internal mechanism. 

8. The tendency of matter when in. stationary 
vibration to expand and rarefy itself is a most im- 
portant physical fact from its wide practical applica- 
tions, and it is therefore one which deserves to be 
realised and figured to the mind as clearly as possible. 
The following considerations may serve to illustrate 
this further. Supposing we have a pipe stopped at 
both ends, and that the enclosed column of air is 
thrown into stationary vibration by any convenient 
means, the period of vibration being supposed such 
that the column breaks up into two vibrating halves 
which alternately rebound from each other at the 
centre of the pipe, and then rebound simultaneously 
from the stopped ends of the pipe. Then these two 
oscillating air masses will by their impacts tend to 
drive out the ends of the pipe and to expand it 
laterally (since the air propagates pressure in all 
directions). We might even suppose the two oscil- 
lating air masses (or segments into which the 
column is divided) to be replaced by two elastic 
spheres which rebound from eaca other at the centre 
of the pipe, and then simultaneously from the stopped 
ends of the pipe, the motion of the spheres being 
analogous to that of the two air masses, the spheres 
tending by their impacts to drive out the ends of 
the pipe in the same way as the two air masses. 
Although, therefore, we observe that the oscillatin 
column of air exerts a pressure tending to expan 
the pipe in all directions, still there cannot on the 
whole be any rarefaction of the air here, since the 
expansion of the column is prevented. If, however, 
we suppose the ends of the pipe to be capable of 
slipping, or to consist of two freely movable pistons, 
then on the enclosed air being thrown into stationary 











vibration, the impacts of the oscillating parts of the 
column against the pistons will drive them outwards 
with an energy dependent solely on the energy of 
vibration of the column, or the energy of the blows 
directed against the pistons by the oscillating air 
masses. This movement of the pistons is accord- 
ingly attended by an expansion or rarefaction of the 
enclosed air columm,; the degree of rarefaction thus 
attainable being only limited by the energy with 
which the column’ can be thrown into stationary 
vibration. So im an open pipe the same thin 

necessarily occurs, ' Here the oscillating column o 
air is perfectly free to expand, and the degree of 
rarefaction attainable is therefore dependent solely 
on the energy with which the column'can be thrown 
into vibration. The column is as it were shaken 


out of the pipe or shaken asunder by the expansive 
action of its oscillating , much as & tends 


to dilate by the expansive action of its moving mole- 
cules. 

9. Tbe same considerations precisely apply to our 
illustrative case of the oscillating column of air en- 
closed or intercepted between the two opposed 
vibrating discs; or to the column of ether inter- 
cepted between two vibrating molecules, only in 
this latter case the rarefaction is much greater as 
consistent with the known intense vibrating energy 
of molecules. P 

Whatever the distance of the two Vibrating discs 
from each other, the same considerations necessarily 
apply, the column breaking up longitudinally into 
several oscillating segments when the distance is 
great; the annular segments oscillate both radially 
and longitudinally, a rarefied axis extending the 
whole length of the column. The longitudinally 
vibrating segments find a support by their impacts 
tending to bulge the column radially, whereby the 
rarefied axis becomes the controlling support of the 
vibrating Golumn ; the radial vibration of the column 
at the same time eigen ny, the external air from 
entering the rarefied axis, the rarefied axis being 
closed at the ends by the discs which are, therefore, 
urged together by the outer air pressure, 

10. A consideration of the physical conditions in- 
volved by this mode of vibration of the column, ex- 
plains clearly how a reduced air pressure (producing 
an attraction) can be permanently maintained upon 
a distant surface under the action of a vibrating 
mass, without the external air streaming into the 
area of reduced pressure and thereby destroying the 
attraction. The observed permanent reduction of 
the air pressure upon a distant on-vibrating mass 
(as illustrated in the observed case of the a- 
nent attraction of a distant card by a vibrating 
tuning-fork) is effected by the radial or circum- 
ferential vibration of the air column extending up 
to the distant mass, whereby the air is kept from 
streaming into the part where a less pressure exists. 
The outside of the radially vibrating column where 
in contact with the outer air is, of course, at the 
normal air pressure, but a reduced air pressure 
exists inside the column, the air being kept out of 
the inside by the dynamic action of the radial vibra- 
tions of the column. If the rarefied axis did not 
extend the whole length of the column up to where 
the distant mass closes it, air‘ would necessarily 
stream into the rarefied axis (where the reduced 

ressure exists), and prevent this reduced pressure 
rom being attained at the distant mass. Also the 
observed reciprocity of the effect is clearly explained 
by the rarefied axis of reduced pressure extending 
the whole length of the column, for if the axis were 
less rarefied at one end of the column than at the 
other the effect could not possibly be reciprocal, or 
the reduction of the air pressure upon each mass 
could not possibly be the same. It is moreover 
perfectly evident that the rarefaction must be uni- 
form throughout the whole length of the column 
(even if only one mass vibrates) from the consider- 
ation that if not there would be a rush of air from 
one end of the column to the other to adjust the 
inequality of pressure, and the uniformity of pres- 
sure is necessarily self-adjusting. The conditions 
of equilibrium, therefore, require.that the axis 
should be rarefied to the same extent. throughout 
the whole length of the column, and this at the 
same time is the condition ‘whereby the observed 
reciprocity of action is produced. These and the 
previous considerations, therefore, all lead to the 
general deduction: That the sole conditions yaa 
librium for the vrbrations of the column of a: medium 
intercepted between two free vibrating masses are that 
the column should vibrate both longitudinally. and 
radially, whereby the oscillations of the column find a 
support in the rarefied axis, and thus stability and elas- 





ticity are insured for the vibrations ; the uniform rare- 
Saction of the axis throughout its whole length being the 
condition whereby reciprocity of action (between the 
opposed masses) is attained. 

1l. As regards, therefore, the mode of vibration 
of the intercepted column of the medium, the same 
considerations must in principle apply to all cases 
whatsoever of the mel actions of opposed vibrating 
masses or molecules of matter, iether consisting of 
distinct molecules, or groups of molecules, in proxi- 
mity, or at a distance ; simply from the fact that in 
principle there exists no other conceivable mode of: 
vibration for the intercepted column of the medium 
consistent with equilibrium and stability. 





NALDER’S THRASHING MACHINE. 

On page 205 we illustrate an excellently designed and 
well-made finishing thrashing machine manufaciured by 
Messrs. Nalder and Nalder, of Wantage, who make a specialty 
of this class of manufacture. The frame of the machine 
illustrated is of the only pattern used by Messrs, Nalder for 
all three of the different types they manufacture, namely, 
single blast, double blast, and finishing machines, and it is so 
made that the different parts required to be changed in 
transforming a machine of one class into another, can be 
secured by the same fastenings. The bolts for attaching 
the chaff-bagging apparatus are also added, and the spindles 
are left an extra length, either for attaching the self-feeding 
apparatus or straw-stacking machine. 

As will be seen the machine is designed to deliver the 
straw in front of the fore travelling wheel and the cavings 
behind it, while the chaff is discharged behind the rear wheel 
and the corn falls into sacks at the back eni. This distri- 
bution of the various operations possesses marked advan- 
tages, as the straw falls upon a rack (hinged so as to double 
up for travelling), andthis gives the grain leit by the 
shakers a second chance by,falling through and being saved. 
If a stacking machine is used, the bottom half of this rack 
is taken away, the stacker is placed under the remaining 
part, and requires no loose boards to, guide the straw into 
the hopper. The chaff falling behind the hind wheels allows 
it to be delivered into bags according to Messrs. Nalder’s 
well-known system without the aid of an extra blower; at 
the same time the heavy dirt is sifted out, and the light 
dirt and seeds and other impurities are blown away, thus 
securing a clean sample of chaff. This simple and effective 
arrangement we have already illustrated (see ENGINEERING, 
vol. xiv., page 404). The arrangement also allows the 
travelling wheels to be placed nearer together with the 
object of obtaining an easy draught. 

The main framing of the machine is strengthened on each 
side by iron suspension braces, and transversely by an iron 
truss immediately over the hind travelling wheels; the 
drum and concave are of the most improved form, the 
shakers are of the double. crank type with side doors 
for getting at the bottom crank for adjusting or-oiling, 
The riddle and shog board crank is placed io the front of 
the machine and so is very convenient of access. The 
caving riddle of mahogany is long, and the first dressing 
apparatus has a top sieve for the chaff with a bottom one 
for taking off stones, chobs, &c., and the blower for. this can 
be easily removed for repairs. The elevators, which are of 
the outside edge delivery cup pattern, are run at a high 
speed, and so are not liable to chokeup. The barley awner 
consists of a barrel with knives, and of beaters for 
beating off the husks from the wheat, either part being used 
or not as required. This awner is fixed in the middle of the 
second dressing apparatus, which is fitted with three sieves, 
the bottom one being used. for taking out the seeds, anu 
also dirt broken up by the awner, securing a much larger sur- 
face than when fixed in the first dresser ; as all these sieves 
are interchangeable, and as the second division of the 
awner can be shut off, rape seed can be put through and 
dressed a second time. We may here mention that all the 
small brasses of the machine are interchangeable, in fact, 
only one pattern is used; and all are fitted with adjusting 
slips. The Nalder rotary screen, when used, is made 
of various degrees of fineness with a cut-off tail-board, 
thus practically turning a fixed screen into an adjustable 
one, an arrangement less complicated than a movable wire 


In conclusion, it may be mentioned that all parts of this 
machine are very easily accessible, and it may be very 
readily taken to pieces for repairs. 








Inprana Buock Coau.—The block coalfields of South- 
‘Western Indiana lie chiefly in the counties of Spencer and 
is. These counties furnish the choicest grade of block 
coal Block coal, although well known to the trade as the 
best practical fuel, y for the manufacture of pi 
iron, is by no means generally abundant in the Unite 
States. ly two large deposits are commercially known— 
that lying in North-Eastern Ohio and Western Pennsyl- 
and that of Indiana, of which the territory r 
ideration comprises the chief accessible and continuous 
deposit, as well as that of the highest ity for the blast 
furnace. Block coal is considered the’ most 
desirable of all fuels for the blast furnace from the fact that 
it isa natural fuel, which without preparation will 
fr porn in the most economical manner the highest grades 
of metal. 
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THE CLAUSTHAL WORKS.—No. V. 
Tue Fine Jiacmse Hover. 

Tue five different sizes obtained from the middle 
and fine crushing rolls are transported from the 
receivers, which have inclined bottoms and are pro- 
vided with sliding doors (see Fig. 30 on the two- 
page engraving published with our last number but 
one) in wagons to the fine jigging house. The 
latter is shown in longitudinal section, plan, and 
two cross sections by Figs. 37 to 40 of the two- 
age engraving which we give this week, the build- 
ing in the two views first mentioned being shown 
shortened in length. The fine jigging house 
contains altogether twenty-four Jiggin machines, 
twelve of which, a, are two-siev he material 
between 0.166in. and 0.093 in., seven, 4, also two- 
sieved for material under 0.093 in. Besides these 
there are five four-sieved jigging machines for zinc 
blende under 0.093 in. 

‘The twelve two-sieved jigging machines for pro- 
duce from 0.166 in, to 0.093 in. work with 120 
strokes of jin, per minute. They are shown in detail 
in Figs. 31, 32, and 33 on page 209. The material 
enters from the hopper through the opening a, 
Fig. 32, on to the first sieve, the stuff goes through 
the tube piece at 4, and is led from here into the 
receiver atc, Fig. 33. The tube piece projects up- 
wards into the short sheet-iron cylinder d, which 
latter serves, according to the richness or poorness 
of the ore to be jigged, oy being raised or lowered, 
to regulate the passing off of the stuff through the 
tubing 6. The material remaining on the bed passes 
off through the slit ¢ on to the second sieve, and 
from here the halvings (‘‘ Pocherz”), which require 
to be stamped, pass under the small cap piece / 
into the slit g, and from thence through a tubing 
into the receiver 4, whilst the skimpings (‘‘ Berg”) 

over the cap piece / through an opening in the 
Cobtenn of the dam box i along the channel £ into the 
receiver /, Asin the coarse jigging machines the 
hutch work, which falls through the sieve, is let. off 
through the conical openings m m' and led by means 
of two channels into the receivers 2’. The water 
which passes over with the ore falls through the 
sieves of the receivers c// (see the shaded portion 
Fig. 33), as in the coarse jigging machines. The 
manner in which clear water is conveyed to the 
machines will be sufficiently evident from Fig. 40 
of our two-page engraving, and Fig. 31 on page 209. 

The jigging machines for material from 0.093 in. 
to 0.039 in., make 125 strokes of gin. per minute, and 
the separation in all is through the sieve. The 
machine is shown in detail in Figs, 34, 35, and 
36 on page 209. The ore passes out of the hopper 
on to the first sieve through the opening a, Fig. 35. 
On this first sieve there is a af coarser stuff 
ore, which really acts the part of a sieve, the very 
fine pure ore (** Schliech”) passing through both it 
and the sieve, and thence through the conical 
opening below into the receiver d, whilst the re- 
maining ore passes through the slit 4 on to the 
second sieve through which the halvings (‘‘ Pocherz” 
pass, and from thence likewise through the conic 
opening below into the receiver ¢. The remain- 
ing skimpings (‘‘ Berg”) pass off through the 
slit ¢ into the receiver 7, The water which has 
passed through with the ‘‘Schliech” into the re- 
ceiver d flows over through the channel g into the 
cistern 4, and thence through the notch 7 into the 
eistern &£, out of which it flows through the notch / 
into the channel d, indicated in Fig. 38 of our two- 
pose engraving by dotted lines, and shown in 

‘ig. 40 in section. ‘Through this channel the water 
is led to the cistern e, when after having passed 
through the two catch pits / and g it goes to be 
used as clear water in the auxiliary washing house, 

The jigging machines for the material containing 
zine blende are shown in detail in Figs. 41, 42, and 
43 of our our two-page engraving. ‘They are four- 
sieved machines, and work likewise with 125 strokes 
of gin. per minute. The separation takes place 
through the sieves. ‘The working of th ese machines is 
80 evident from the engravings we publish that we 
have only to remark that in the laying down of these 
machines, it was intended to obtain pure ** Schliech”’ 
(very fine stuff ore) through the first sieve, 
‘“*Schliech” and blende through the second, pure 
blend through the third, and halvings (‘‘ Pocherz”) 
through the fourth, whilst the still remaining attle 
should pass off through the slit at a, Fig. 42. By 
means of the conical openiogs beneath the sieves, 
the pure ‘‘Schliech” passes into the receiver 4, 
Fig. 43, the produce consisting of ‘‘ Schliech” and 
blende, into the receiver c, the pure blende into d, the 





halvings (*‘ Pocherz”) into ¢, and the attle into / 
The course of the wateras it out of the re- 
ceivers 4, c, d is sufficiently indicated by the arrows 
in Fig. 43. Whether and how far the blende jigging 
machines with their present construction, satisfy 
the intended requirements will be first indicated by 
the results of the present trials, as at Clausthal the 
blende forms in comparison with the galena but a 
small portion of the ore to be jigged. 

Besides the construction of the jigging machines 
themselves, the arrangements for imparting motion 
to the pistons of the jigging machines will be seen 
from Figs. 41 and 42, to which attention has been 
already directed in the description of the coarse 
jigging machines. The motion of the piston here is 
not effected by direct transmission of the motion from 
a shaft situated over the piston of the jigging ma- 
chine, which shaft, as is the case in Figs. 25 and 26 
of the two-page engraving which we published on 
the 8rd inst., is provided with an eccentric, but is 
first imparted to a shaft 4, Figs. 41 and 42, from 
which by means of a movable crank-pin i and the 
connecting rod &, a reciprocating motion is imparted 
to the bent lever attached to the shaft m. 

Of course this arrangement is somewhat more 
complicated than a simple eccentric, but it has the 
advantage that the eccentric which must be either 
formed upon the shaft itself, or keyed on to it (in 
which latter case it must be tolerably large), is 
entirely done away with, and that a variable stroke 
can be obtained, and always suited to the existing 
circumstances, while by a suitable modification 
it is possible to effect the downward stroke in a 
comparaively shorter time than the upstroke, which 
is of essential influence on the performance of jigg- 
ing machines. This —e as our readers 
will perceive, is similar to that employed in shaping 
machines to obtain a quick return motion. 

There are also in the fine jigging house (as in the 
coarse jigging house) two hoists s, as shown in 
Fig. 39 of our two-page engraving, for raising and 
lowering the ore. 

The stuff (*‘ Schliech”) obtained in the fine jigging 
house is transported to the store-house at the smelt- 
ing works, ith re to the transport of the 
attle we shall speak hereafter. The halvings 
(** Pocherz”) are transported in wagons to the stamp 
house, the description of which will form the 
subject of our next article, 





‘“ WEIGHING” A BEAM OF LIGHT. 
To THE EpIToR OF ENGINEERING. 

Srr,—Has not your correspondent ‘‘ H. C. P.’’ taken the 
above expression rather too literally? He appears to sup- 
pose that Professor Crookes wished to convey the impres- 
sion, that a ray or beam of light was subject to the force 
of vity, in fact, that it partakes of the character of 
ponderable matter. 

Was not the Professor’s meaning rather, that a ray of 
light was capable of exercising a force of repulsion, equal 
in effect to the force of gravity acting upon the particle of 
matter which he lifted? In this case, as in that of centri- 
fugal force, it would be convenient to state it in terms of 
the force of gravity, or in other words, as a given weight. 
I am, Sir, yours truly, 
Cc. 


Walton-on-the-Naze, March 11, 1876. 








BOURDON’S GAUGES. 
To THE EDITOR OF ENGINEERING. 

S1r,—I have just read in your last number at e 189, 
an account of a “‘ Boiler Explosion’’ at Belfast, where a 
lamentable loss of life took place, and I find it stated that 
the “ pressure gauge was entirely wrong and misled the 
ogee. I also observe that the gauge was called a 
aa ion’s.”” 

I wish, Mr. Editor, to call your particular attention and 
that of your readérs to the fact, that a large number of 
ga are manufactured in all countries—England espe- 
cially—called ‘‘ Bourdon’s Gauge.’’ Most of the makers 
of the gauges which unwarranta r my name, make it 
their sole aim to sell them cheaper than I can possibl 
produce them, having re to correctness and so 
workmanship. I have numbers of these forgeries sent 
to me for repairs, under the impression that they were of 
my own make, and I found most of them of such inferior 
description that they would discredit any maker, besides 
being most dangcrous owing to their careless incorrect 
graduations rm bad workmanship. 

I believe that were it possible every time of an explosion to 
find the gauges used intact, it would be clearly demon- 
strated in a great number of cases that the explosion was 
due to imperfect gauges, giving erroneous indications, and 
not to the boiler. 

I assure you I feel most indignant in finding my name 
coupled with the lamentable catastrophe at Belfast, for I 
have always at a great sacrifice worked conscientiously, 
and never allowed a single instrument of mine to pass that 
was not perfect in every respect, so that I might rest per- 
fi contented with not having caused “loss of life’’ by 

ing bad gauges, and I upon those persons who 
imitate my gauges in principle to place their name and not 





my own u their productions, and I think it anything 

but fair poy wt for them to do otherwise. 

m. 7 as re state - the oe that a maker near 
anchester gone the length of ‘‘forging’’ and placing 

my trade mark upon his gauges, which are really the very 

omnes I have examined. 

In conclusion I would caution engineers and the public 
against a gauge on which makers are ashamed or afraid to 
put their names. I never fear putting my name to any in- 
strument I make, and I likewise place my trade mark, 
which I beg of you to reproduce with this letter. Any in- 


wie eee) ee 
mven? &c Momuifie™ 








strument which does not bear my trade mark is not made 
by me, and if it bears my name only it is an imitation and 
a forgery of which the public should beware, as they should 
of all forged articles. 

Wishing to afford every facility as well as additional 
security against possible accidents, I have supplied Messrs. 
Negretti and Zambra, of the Holborn Viaduct, who are my 
agents in London, with machinery and standard instru- 
ments for the periodical testing of gauges in use, an opera- 
tion which I recommend. 

Apologising for the | of this letter, believe me, Mr, 
Editor, with distinguished consideration, 

Your obedient servant, 
Epovarp BourpDon. 
74, Faubourg du Temple, Paris, March 14, 1876. 








BROWN’S FOUR-CYLINDER ENGINE. 
To THE Eprror oF ENGINEERING. 

Str,—The description given by Mr. Mackenzie of 
Morton’s engine — exactly to that of Dr. Siemens’, 
who used small trunks and ball-and-socket jointed con- 
necting rods. I fancy the gentlemen last named was really 
first in the field, but 

Constructively, therefore, the Z-crank engine is quite 
different from the machine which I sketched, in which, as I 
pointed out, only cylindric forms were used ; kinematically 
the whole are identical, as I have said. 

Yours truly, 


ALEX. 
London, March 13, 1876. 


To rue Eprror oF ENGINEERING. 
Str,—There was for many years in Rrown’s Museum, 
Liverpool, a working model of a ‘“‘ Z-crank’”’ engine. It 
had two cylinders parallel to the shaft, trunk pistons and 
connecting rods, with ball and socket joints. I do not 
recollect the name of the inventor, but I suppose it must be 
the one’referred to by Mr. ie in your issue of the 


10th inst. o 
ours truly, 
A. Musron. 
Urmston, Manchester, March 15, 1876. 


may be wrong in this. 


W. Kennepy. 





THE CONCENTRATION OF SULPHURIC 
ACID. 


To THE Ep1TorR oF ENGINEERING. 

Srr,—The fact that you have accorded space for Mr. 
Sellon’s letter in your issue of the 8rd inst., leads me to 
hope that you will extend the same favour to myself. 

My process, to the regret of Messrs. Johnson, Matthey, 
and Co, is no longer in their hands, and it requires far less 
platinum than the old system. It was not, however, jud 
so severely by them in 1863, when theyjundertook to » 
at their own expense and upon my plans, a first apparatus 
composed of an open platinum basin covered with a leaden 
dome. They did not speak then of the apparatus patented 
by their consulting engineer, and which they now set up in 
opposition to our own. It was at this time that we guaral- 
teed to them the right of manufacture upon the pay- 
ment of a small royalty on each apparatus. 

These early trials of our process were followed by com- 
plete failure, as is shown in a letter from Mr. Matthey 
of the 24th of April, 1864, and it required ten years of con- 
stant trials to arrive at practical results. 

At the present time 44 of our apparatus are at work at 
28 manufactories, of which three a erected a second ap- 

tus after trying the first one, and the opposition of 
essrs. Johnson and Matthey will not prevent the truth 
from coming to light. : 

But I must protest against the attitude assumed by 
Messrs. Johnson, Matthey, and Co. How is it that, after 
the failure announced to me by them in 1863, they, without 
announcing the fact to me, erected an ap tus at Grie- 
sheim, and stated publicly that they had done so, without 
giving the name of the inventor. ‘ao 

This apparatus had no more success at Griesheim than 
in London ; it has disappeared, and I should not willingly 
accept its paternity ; but it is advisable, now that the in- 
vention has arrived at maturity, that it should be known 
whence the idea arose, and by whose perseverance it has 
been perfected. 

Yours truly, 


L. KessLeER. 
MM. Faurz AND KESSLER- 
Clermont-Ferrand, France, March 11, 1876. 








Tue Betrast BorteR EXxPLosion ; Errata.—We 
— to find that in Mr. MecColl’s report on this explosion 
published in our last issue, one or two errors occur which 
materially alter the sense. Thus om page 189, 8rd column, 
3rd line from foot, the word “‘ twice” is omitted ; the line 
should read ‘‘if not exceeding twice that indicated by the 
gauge.” Also on page 190, 1st column, 20th line from top, 
for *‘ cause’’ read “‘ course.”’ 
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THE TORPEDO SHIP “ ZIETEN.” 

Tue torpedo question was practically advanced another 
step yesterday week by the launch of the Zietenfrom the yard 
of the Thames Iron Works and Shipbuilding Company, at 
Blackwall. This vessel has been built for the torpedo service 
of the Imperial German Government, and she is intended to 
carry out a series of experiments at sea.with the Whitehead or 
fish torpedo, the patent right of which the above-mentioned 
Government acquired last year. The Zieten is an un- 
armoured iron-built ship 226 ft. long, 28 ft. broad, and 18 ft. 
6 in. deep. Her burden is 872%% tons. B.M., and her load 
draught 11 ft. 8 in. She will be propelled by twinscrews which 
will be driven by a pair of engines by Messrs. J. Penn and Sons 
of 2500 indicated horse power, from which a speed of over 
16 knots is anticipated. The Zieten is fitted with two tubes 
placed in line with her keel, one forward and the other aft. 
They are 6 ft. below water line and from them the torpedo 
is to be expelled by means of compressed air. The outlet 
of the forward tube is about 16 ft. back in the fore body of 
the ship, and a triangular portion of the hull fs made to 
hinge in the stem and lift into a water-tight well, so that 
there is no projection to interfere with the speed of the 
vessel. The Whitehead torpedo as acquired by the German 
Government is, we are informed, an advanced example of 
the weapon. It is cigar shaped, 16ft. Gin. long and 
1 ft. 3in. in diameter at centre. Within the torpedo is a 
chamber for containing the compressed air with which the 
propeller of the weapon is to be worked. The torpedo is to 
be expelled from the tube at a speed of 20 knots per hour, 
and after expulsion a speed of 12 knots is to be obtained by 
means of the self-contained propelling power of the torpedo. 
It is expected that this speed will be maintained for 
a distance of 600 yards under water, the true line of 
horizontal travel being preserved by regulating me- 
chanism with which the weapon is provided. It has of 
course to be determined by experiment, and by very careful 
experiment too, whether this weapon will prove suc- 
cessful, and justify the time and money which have 
been expended on it in our own and other countries. If 
it realises all the expectations formed of it, and can be truly 
delivered from a ship more or less in motion riding on the 
sea, against another ship similarly circumstanced, perhaps 
moving with full steam on and discharging her guns at the 
torpedo vessel—if, under these circumstances, the White- 
head torpedo prove effectual, then it will be one of the most 
remarkable inventions of the age. The launch of the Zieten 
took place in the presence of a distinguished company, 
which included Count Miinster, the German ambassador ; 
Countess Bismark, who christened the vessel; Baron 
Brinken ; Admiral Stewart; Mr. E. J. Reed, C.B., M.P.; 
Mr. Barnaby; Mr. Zarnack, the designer of the Zeiten, 
and representatives of the Austrian, Turkish, Spanish, 
Portuguese, and other governments. 


ENGINES OF H.M.S. “ ROVER.” 

In our notice last week with reference to our in- 
tended publication of a detailed description of the engines of 
H.M.S. Rover, we stated that this machinery had been 
“constructed by Messrs. Eastons and Anderson, of London 
and Erith.” This, however, is not strictly correct, and the 
real state of the case fequires some explanation. It appears 
that when the late firm of Ravenhill, Hodgson, and Co. 
stopped payment in October, 1872, the assets of that firm 
were purchased of the creditors by Messrs. Eastons and 
Anderson, of London and Erith. Two of the members of 
Messrs. Ravenhil], Hodgson, and Co., Mr. Hodgson and Mr. 
Rusby, retired from the business altogether, but the whole 
of the staff was retained by Messrs. Eastons and Ander- 
son, and the business was carried on under the manage- 
ment of Mr. J. R. Ravenhill, whose friends provided 
him with some fresh capital, with a half share in the 
marine business, until June 30, 1874. As is generally 
found to be the case with attempts to resuscitate concerns 
which have once reached the point of suspending pay- 
ment, the results financially were by no means satisfactory, 
and in the autumn of 1874 Messrs. Eastons and Anderson 
were desirous of stopping the works at Glasshouse Fields, 
where the engines of the Rover were built. 

Differences of opinion between Mr. Ravenhill and Messrs. 
Eastons and Anderson, however, occurred, and in December, 
1874, Mr. Ravenhill filed a bill in Chancery against Messrs. 
Eastons and Anderson. In July, 1875, a settlement was 
effected, by which Mr. Ravenhill’s bill was dismissed with 
costs, and the partnership dissolved so far as Mr. Raven- 
hill was concerned, that gentleman receiving the lease, 
plant, and tools at Glasshouse Fields in full of all demands. 
It is now, we notice, announced that the plant and premises 
at Glasshouse Fields will be sold by auction by Messrs. 
Fuller, Horsey, and Co. on the 3rd of April. 

The business of Ravenhill and Co. has since the 30th of 
June, 1875, and will in future, be carried on in addition to 
their own well-known business, by Eastons and Anderson at 
their Erith Works, which have been lately much extended. 
As a good deal of misapprehension exists as to the precise 
relation of the parties, we have thought it right to give our 
readers the facts of the case, which we do from documentary 
evidence. 

We understand that the machinery for H.M.S. Euryalus, 
5250 horse power, is now in course of construction at the 
Erith Works, from designs prepared by Mr. Ravenhill and 
the staff of the old firm in 1873-74, so far as the engines 
are concerned, the boilers in this case being designed as 
well as mae by Messrs. Eastons and Anderson. 











While we are engaged on explanations, it may be as well 
to mention that the engines of H.M.S. Shah—whiech vessel 
is expected to makea trial trip in course of a few weeks—were 
designed and made by the late firm of Ravenhill, Hodgson, 
and Co, and were standing reported as finished in the 
Glasshouse Fields Works, at the time of their stoppage in 
1872, the vessel not being ready to receive tham. Several 
modifications in the machinery of this vessel have been 
made during the past few months by Messrs. Eastons and 
Anderson, and the forthcoming trial trip will be conducted 
by them. 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig Iron Market. —The pig iron warrant 
market continued dull rg | the latter part of last week, 
and closed on Friday with the lowest quotation at 58s. 9d. 
The opening price on Monday forenoon was 58s. 9d., but 
the bulk of the business was done at 58s. 6d; qnd in the 
afternoon the market was idle, no business being reported, 
the closing prices being nominally 58s. 9d. sellers, and 
58s. 6d. buyers cash. During yesterday forenoon the 
market was very steady, but almost without business. The 
only transaction reported was,1000 tons done at 58s. 6d. one 
month fixed, closing buyers, and sellers asking 58s. 7}d. 
and:58s. 9d. one month open. In the afternoon the market 
continued steady, and business was done at 58s. 7}d. one 
month open, also at 58s. 6d. cash, and one month fixed ; 
closing buyers over, sellers 58s. 9d. The market was very 
inactive this forenoon, only a very small amount of busi- 
ness pry done at 58s. 9d. and 58s. 7$d. cash, closing 
buyers at lower, with sellers at the higher prices. There 
was an idle market in the afternoon, buyers Bes. 6d., sellers 
58s. 9d. Makers are still very quiet, and shipments are 
very disappointing. The exports steadily decrease, and 
the imports from ffiddlesbrough are on the increase. One 
or two brands of makers’ iron are even lower in price than 
they were last week, and it is abundantly evident that the 
recent advances made by most makers were scarcely war- 
ranted by the state of trade. Some brands can be ob- 
tained at lower rates than those quoted by the makers. 
Last week’s shipments amounted to 7097 tons as inst 
9676 tons in the corresponding week of last year, the de- 
crease for the year being /19,314 tons. The imports of 
Middlesbrough pig iron into Grangemouth last week were 
4600 tons as against 3610 tons in the corresponding week of 
last year, and the total increase now amounts to 10,025 tons 
for the year. 


The Engineering Trades.—In some brariches of the en- 
gineering trades there is a good deal of activity, but it 
18 es | where certain specialties of manufacture are 
produced. The rulejis that dulness prevails to a very con- 
siderable extent, and many workmen are out of employ- 
ment. The dispute which arose between Messrs. McMillan, 
shipbuilders, Dumbarton, and their rivetters, before the 
New Year ‘holidays, still continues, though most of the 
men who went on strike have got] employment in other 
yards on the Clyde, and their places have not yet been filled 
up. With the view of making up for the want of a sufficient 
number of hands the Messrs. McMillan have lately in- 
troduced a couple of rivetting machines into their establish- 
ment, still the men, who are said to be liberally supported 
by their trade society, are confident that the firm must 
yield. There is some activity at Kirkcaldy, but even there 
some of the men are being paid for want of work. From 
the neighbouring town of Burntisland a number of me- 
chanics have lately left to fulfil a three years’ engagement 
on a Bolivian railway. 

Fraserburgh Harbour Board.—At the last monthly 
meeting of this Board Mr. Robert Ayton, who was em- 
ployed for 44 years as assistant ineer under Mr. Dyce 
Cay at the Aberdeen Harbour Works, has been engaged in 
the same capacity to serve under Mr. Bostock in connexion 
with the new harbour works about to be commenced at 
Fraserburgh. 


Bo’ness Harbour Works.—The Bo'ness Harbour Trustees 
have decided to commence without delay the harbour works 
for which they obtained Parliamentary powers last session. 
The works are to include a wet dock and an extension of 
the existing harbour. Messrs. Thomas Meik and Son, 
civil engineers, Edinburgh and Newcastle, have been in- 
structed to prepare the necessary plans. 


Burntisland Dock Works.—The Burntisland Town 
Council accepted addditional contracts last week for work 
conn with the new dock. What remains to be done 
now is to deepen the channel ont to sea through the 
harbour, to the same depth as the dock entrance. This 
work is outside the cofferdam. The additional contracts 
have reference to the works that have to be finished on the 
quays, namely, hydraulic engine house, coal-shipping ma- 
chinery, &c. The North British Railway directors have 
ay to advance the money to complete the dock either 
on the same terms as provided for in the agreement of 
1872, or in a new agreement mutually satisfactory. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Reduction of Colliers’ Wages.—At all the principal col- 
lieries in the South Yorkshire and North Derbyshire dis- 
tricts, the coal owners have served notices upon the under- 
ground men for a reduction in wages of 15 per cent. to come 
into force about April 13th or 14th. The miners, who num- 
ber some 25,000, threaten to offer a serious resistance 
the proposal, and say they will resort to a general strike 
rather than submit to it. The top men’s wages are also 
likely to be lowered to the extent of about 74 per cent. 


Fall of a eco: | Bridge near Sheffield.—On Thursday 
last a new stone bridge which had been recently built over 
the railway line in course of construction from Deepcar to 














Stocksbridge, fell owing to the heavy rainfall having washed 


away a 
cidext about two a.m. no one was hurt, but the 
damage done is considerable. 

Chesterfield Gas and Water Works.—The report of the 
directors of these joint concerns states that the profits for 
1875 were 76851. The new gas works have in satis- 
a ce since the commencement of the winter ; 
and the water works reservoirs have been nearly full for 
some months. The aggregate rental of the two under- 
takings has doubled in the last eight years. 

Industrial Coal and Iron Company.—The report of the 
yw meas bey this yn Ral Tau ym gen 
olliery has been uently s uring the six 
months owing to the excessively wet weather : the sales of 
coal have, nevertheless, been larger than before. The 
brick works at Woodhouse have been profitably worked. 


happened abot ty near the buttresses. As the ac- 


At the Woodhonse Colli very little progress has been 
made, owing to want of capital. "The engineer recommends 
that the Silkstone seam should be sunk to at once. 


Rolling of a Great Armour Plate.—On a yr | (to- 


day) a dis ished company, resenting the Aus 
Russian, Telllan, Brazili y British, and other Govern- 
ments assembled at the 


Cyclops Works of Messrs. Charles 
Cammell and Company (Limited), Sheffield, to witness the 
rolling of the largest armour-plate ever yet turned out by 
any makers. The plate is intended for an Italian vessel 
now in course of construction at the Castellamare dock- 
yard, and is 22 in. in thickness, It weighs 35 tons, is 
18 ft. long and 5 ft. wide. It was in the furnace over 24 
hours, was com the ordinary manner of the 
best iron. It will be tested by being shot at with pro- 


— wei a ton from the 100-ton now being made 
ad — vernment by Sir W. trong and Co., 
swick. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—On Tuesday there was a 
fair jattendance on’Change at Middlesbrough, but again 
the amount of business was exceedingly small, 
merchants and metal brokers adhere to the opinion that the 
prices of pig iron will further decline. No. 3 Cleveland 
pig iron can now be bought for 48s. E ton, and other 
qualities can be had at proportionate rates. Makers’ stocks 
are larger than they were. 

The Finished Iron Trade.—In the finished iron trade 
there is no improvement. The few rail orders which come 
dribbling in are beer 5 There is now very little work on 
hand, and it is feared that in a few months several works 
which are in operation will be compelled to close for want 
of orders. There is less inquiry for shipbuilding iron. 

The Britannia Iron Works.—Last week we mentioned 
that these extensive iron works at Middlesbrough would 
be closed this week, owing to the company being unable to 
get rail yomys The nt can it = to be 
regretted @ cause e stoppage of operations is a 
strike of the workmen. It appears that the notices to the 
men—about 800—that their services would no longer 
be required terminated on Saturday, but the manager of 
the works finding that a few shifts would be necessary to 
complete the contracts in hand to keep the works 
in operation of this week, and it was hoped that in the 
mean time the com might be fortunate enough to 
secure a rail order o: tons, which it was known they 
were tendering for, The men offered no objection to this 
continuation of work on Sa . Preparation was, 
therefore, made at a cost of about 200/. to start the 
furnaces on Monday. On that day the —— was 
surprised by a deputation waiting upon him, an i 
him that unless he guaranteed the whole of the men a f 
week’s work they would not start. The manager could not 
guarantee work for that length of time, and the men 
actually struck. The works are now idle. It is much to be 

that the men should have acted in this way at 
a time when the company most required their assistance. 

The Coal and Coke Trades.—There is no alteration in 
the prices of fuel. The demand is rather slack. 

Engineering .and Shipbuilding.—In these branches of 
industry there is nothing requiring special mention. Marine 
engine builders are fairly occupied. There is rather less 
inquiry for steamers. 


UNDERGROUND TELEGRAPHS.—Steps have been taken to 
immediately lay down a subterraneous line between Halle 
and Berlin, and in future all German te phs will be 
underground. This is the course we have advocated in our 
columns in regard to the United Kingdom, and the havoc 
and annoyance which the country has suffered this week 
ought to convince the telegraph authorities to follow the 
example of Germany without delay. 


Tue HypRAULIC ENGINEERING COMPANY 
ImporTaANt ConrTracts.—The Hydraulic 
Company have just completed two immense punchi 
shearing machines for the boiler- 
of the French Government dockya hey are con- 
structed from the designs of Mr. ph H. Tweddell, on 
the system so successfully introduced by him in his ri 
machinery, which are now so well known. be! are 0 

+ power, one being intended to punch holes of 1} in. in 
Giameter, through plates 14 in, thick, and to shear plates of 
the same thickness. The other is cons 80 as to punch 
and shear large angle irons up to gin. in thickness. The 
machines weigh about 25 tons each, and reflect great credit 
on the makers designer. The company has also re- 
cently sent out to the same place some smaller punching 
and shearing machines, a very fine pair of high-pressure 
pumping cuanee, ane two large accumulators, forming a 
complete hydraulic plant, The weight of the whole plant 
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EXPERIMENTAL COMPOUND ENGINE. 


CONSTRUCTED BY MESSRS. B. DONKIN AND CO., ENGINEERS, LONDON. 
(For Description, see Page 203.) 
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NOTICES OF MEETINGS. 

THE INSTITUTION OF OIVIL ENGINEERS.—Tuesday, March 21, 
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a Discussion on the Provisions of the New Valuation Bill, 
introduced into the House of Commons by Mr. Sclater-Booth and 
others. The chair to be taken at eight o'clock. 
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THE MERCHANT SHIPPING BILL. 

THE ardour of the Government with respect to 
their Merchant Shipping, and Marine Insurance 
Bills appears to have cooled down considerably since 
the beginning of the session. The prompt intro- 
duction of the two Bills a few days after the opening 
of Parliament, and the haste with which the Mer- 
chant Shipping Bill was pushed through its second 
reading, gave grounds for apprehension on the score 
that the Bill was to be rushed through the House 
of Commons with undue haste, and without giving 
the shipping community and the country, time fully 
to appreciate its scope or to realise its shortcomings. 
The course since pursued has erred rather on the 
other side. For the last three weeks the Bill has 
been put down for Committee on Thursday nights, 
second to some other question of importance, and it 
has been impossible to say beforehand whether it 
could be taken on those evenings or not. As it has 
turned out, the Bill has had on each occasion to 
stand over. How long will it continue to be so put 
off, is a question now generally asked. The course 
adopted by the Government in leaving a subject of 
so much interest as the Merchant Shipping Bill in 
uncertainty is open to serious objection. It keeps 
all those interested in the question—and they form 
& numerous section of the public, both outside and 
inside the House of Commons—in a state of con- 
tinual doubt and suspense. It is much to be desired 
that a day should be fixed, whether it be for a 








week’s time, or a fortnight’s time, or even longer, 


so long as it is understood that the Merchant 
Shipping Bill would on that night take precedence 
of pe bee matters, and be certain to come on for 
discussion. The early clauses of the Bill, although 
they are of much less importance than those relating 
to survey, and to the load-line, are yet matters of 
considerable interest, and should not be slipped 
through Committee at a late hour of the evening, 
when members are not prepared to discuss the matter 
fully and exhaustively. 

The very first clause after those relating to the 
title and construction of the Act, viz., Clause 3, 
which makes the sending of an unseaworthy ship to 
sea a misdemeanour, willrequire considerable amend- 
ment to make it simple and effective. In the Bill 
as proposed it stands thus: 

‘‘ Every person who sends or attempts to send, 
or is party to sending, or attempting to send a ship 
to sea in such unseaworthy state that the life of any 
person is likely to be thereby endangered, and the 
managing owner of any British ship so sent to sea 
from any port in the United Kingdom, shall be 
guilty of a misdemeanour, unless he proves that he 
used all reasonable means to insure her being sent 
to sea in a seaworthy state, or that her going to sea 
in such unseaworthy state was, under the circum- 
stances, reasonable and justifiable; and, for the 
— of giving such proof, he may give evidence 
in the same manner as any other witness. 

‘¢ Every master of a British ship who knowingly 
takes the same to sea in such i snc J state 
that the life of any person is likely to be thereby 
endangered shall be guilty of a misdemeanour, unless 
he proves that her going to sea in such unseaworthy 
state was, under the circumstances, reasonable and 
justifiable, and for the purpose of giving such proof 

e may give evidence in the same manner as any 
other witness.” 

The shipowners sent strongly against this 
clause on the ground that the principle of it is con- 
trary to the whole jurisprudence of the country, 
which assumes every one, even the greatest criminals, 
innocent until they have been proved guilty, whereas 
by this clause the shipowner is assumed to be guilty 
and the onus is thrown upon him of proving his in- 
nocence. We entirely dislik ike the clause in question, 
and «re not surprised at the bitter opposition offered 
to it by shipowners, but the position taken up b 
them is not, at first sight, so clear as they pretend, 
and there is much to be said in favour of the clause 
in this respect, as they will probably find when the 
Government view of the matter is put forward in 
the House of Commons, If the clause provided 
that in the event of a ship being lost the 
owner would be held guilty of a misdemeanour 
unless he proved that he used all reasonable means 
to insure the vessel being sent to sea in a sea- 
worthy state, the clause would certainly be a 
monstrous infraction of our established jurispru- 
dence, and would be obviously indefensible. But it 
does not go this far. It assumes, in the first place, 
that the ship has been proved to be ‘in such un- 
seaworthy state that the life of a person is likely to 
be thereby endangered.” 

The theory of the clause is to make the shipowner 
responsible for sending or attempting to send an 
unseaworthy ship to sea. If this theory is worth 
anything it follows that if a ship which has been 
sent, or is about to be sent to sea, is proved unsea- 
worthy, the owner must be held responsible as a 
matter of course. And it will be contended that it 
is but justice to him to enable him to prove that he 
did not intentionally or knowingly send or attempt 
to send the vessel to sea in an unseaworthy state. 

Shipowners however say, No, we do not want to 
be permitted to prove anything of the kind. We 
do not want the privilege you propose to grant us 
of giving ‘‘ evidence in the same manner as any 
other witness” to prove ourselves innocent, when 
we have never been proved guilty. And they have 
a perfect right to insist, if they prefer it, that in 
this matter they shall be tried like any other 
supposed culprit. To give an illustration. A 
man who is known to have more or less direct] 
led to the death of another is answerable for the 
same to the laws of the country. He is not, 
however, assumed to be guilty of wilful murder, 
and is given the privilege of proving that it was in 
reality only manslaughter or only an accident. 
Whatever the crime may be it has to be proved 
against him, and this is a condition of our law so 
universal that shipowners have a right to demand 
its protection. 

A ship might go to sea in an unseaworthy state 





in spite of the utmost precautions. Some local 
defect or other might have escaped the vigilance of 
the best surveyor. On the other hand an owner 
might trust to a professional man who has happened 
to conceal his incompetence until the case of the 
ship in question. It is for the Government to prove 
how far the owner is criminally liable in such cases, 
if they think penal clauses are to bring about the 
desired result of insuring seaworthiness; it is 
certainly not for the owners to have to prove their 
innocence. Granted that the ship has been proved 
unscaworthy, and that the owner is to be held 
responsible for her condition, this can surely 
only be taken to imply that the conduct of the 
owner in the matter is open to investigation, Any 
criminal liability in the matter must be proved 
against him as rigidly as inst any one else 
charged in the criminal courts of this country. If 
for some reason or other shipowners wished to be 
held guilty, and to be allowed to prove themselves 
innocent, and matters of inquiry into losses could be 
facilitated thereby, it might be reasonable for the 
Government if they saw no objection to the process 
to assent to sucha proposal. But it would be 
monstrous for the Government to force a proceed- 
ing of this kind on shipowners against their will, and 
thereby deprive them of a privilege accorded even 
to the worst felons. 

It may be asked why ‘do the Government wish to 
avoid being placed under the necessity of having to 
prove the degree to which a shipowner might be 
guilty of a misdemeanour after his ship has been 
proved unseaworthy? It is because the advisers of 
the Government know perfectly well that by the 
ordi process of law it would be almost 
impossible to obtain a conviction, They prefer 
to resort to means which would violate the 
most sacred principles of our jurisprudence, rather 
than admit that liability clauses are and must be 
futile to insure seaworthiness. 

We have over and over again urged in these 
columns that the seaworthiness or unseaworthiness 
of a ship is often such a difficult matter to deter- 
mine, that it is beyond the power of most owners 
to discover or to decide the matter for themselves. 
And we surely cannot make an owner criminally 
liable for the laxity or incompetence of his agents. 
Who ever heard it seriously proposed to imprison 
railway directors for accidents caused by the negli- 
gence of an engine driver or si n? 

There are other parts of this clause, which are 
passed over in silence by shipowners, but against 
which we protest emphatically, We refer to the 
words “or that her going to sea in such unsea- 
worthy state was, under the circumstances reason- 
able and Bray ene It is needless to say that 
these words practically —— what never should 
be recognised in an Act of Parliament, namely, that 
under any circumstances it is either reasonable or 
justifiable to send an unseaworthy ship to sea from 
a British port. The nearest case of the kind which 
could happen would be if it were desired to take an 
unseaworthy ship round from one port to another 


to be repaired. But even in that case the ship 
should be rendered fit to make the vo according 
to its length and the season of the year, before start- 


ing, and care should be taken that no life would be 
endangered thereby, so that even such cases could 
not justify the wording of the clause. 

Again, the first part of the clause is so general 
as to apply to foreign ships as well as British shi 
—and even to foreign ships in foreign ports !—while 
the remaining ot i ially limited to British 
ships. The early part of the clause is, we s t, 
more sweeping in this respect than was intended by 
the framers of the Bill. 

Mr. Plimsoll has given notice of most important 
amendments to this clause, which will raise the 
question whether the Bill as it relates to unsea- 
worthiness of hull and equipments, is to be based 
on the principle of penal clauses, or on that of 
calvensal survey and certificates of seaworthiness, 
The clause if amended as proposed by Mr. Plimsoll 
will stand thus : 

‘¢ Every person who sends, or attempts to send, or 
is party to sending or attempting to send, a British 
ship to sea from any port in the United Kingdom 
contrary to the following provisions of this section, 
and the managing owner of any British ship so sent 
to sea, shall be guilty of a misdemeanour. 

‘« Every person who sends or attempts to send, or 
is party to rage be attempting to send, a oe 
being a British ship) to sea, from any port in the 
United Kingdom, in such unseaworthy state that 
the life of any person is likely to be thereby en- 
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dangered, shall be guilty of a misdemeanour, unless Taste No. I.—ARrMOURED SHIPs. 
he rar that he used all —— — to 
insure being sent to sea in a seaworthy state, : Estimated . : 
and for the purpose of giving such proof he may tf Displace- indented cy Cost of ane armen Intended ess 
give evidence in the same manner as any other ‘ ment. | Power. |Guns.| ,, Hull Engines. 1875-76. mimen. 
wi ” Complete. 
The “following provisions of this section” re- 
ferred to above are those which require all vessels | Chatham : at . . _ oom 
to furnish a eertificate of seaworthiness from some} Alexandra ide) ... 9,492 8000 12 | 411,000 | 110,500 | 1450 1484 
competent tribunal before being cleared at the Cus-| Temeraire ide) 8,412 7000 8 | 281,000 | 93,000 | 2313 1454 
tom House. They are stated in the amendments at |__ Agamemnon (turret) 8,492 6000 4 | 354,000 ve 4 840 
considerable length, and will, if » form the | Porte (turret) 11,165 | 8000 4 | 401,000 | 120,750 | 2820 2000 
most important of the Bill, but we have not} ‘Thunderer (turret) |. | 9,190 5600 4 589 : 459 504 
space to discuss them fully on the present occasion. adh a Ms ‘ 
Dreadnought (turret) 10,950 | 8000 4 | {101.38 |} 107,000 | 1879 ——— 
THE NAVY ESTIMATES. , J 150 and 279 at 
Mr. ReEep went very near to making his position ome Greate , — oh SRR. ONE SO Devonport. 
good on Monday night, and Mr. Ward Hunt, we| ,, Ajax (turret). 8,492 | 6000 4 | 330,000 25 669 
are sorry to say, utterly falsified the hopeful | PGidins by contract: 7,323 6o0o | 12 | 252,000 | 81,800 To be ready by 
auguries we ventured to draw last week from the Northampton a 7,323 6000 12 254,000 95,500 } end of 1877. 
large increase in the vote for ships building by con- 
tract, by explaining that not a single newironclad of 10,091 | 8037 
any ae is pe pe in the ensuing financial 
year. r, "3 speech, which may fairly be 
ranked omeng the most important naval speeches Tastes Mo. Ti —Upaqeecans Sauna 
pti delivere Vatican a te with the 
moderation which always distinguishes his spoken , 
utterances, and we feel bound to say that he has Desc i E| m 3 g &| Number of ae) Estimated Cost | Intended Progress 
disclosed an alarming state of things, Last week et B SEE) Guns. Complete of Engines in 1876-77 
we deprecated panic, and expressed the belief that 5A ate 
oe — ey exist, fa yt so far to the . y y 
uture that it may be antici y prompt action .,, | bons 
and expenditure, and we otis that we gave the | Large nen, Consett weit 
Admiralty credit for an intention of grappling with sheathed with Wood. 
it atonce. It seems that on the latter point we| furyalus we ve 8982 | 5250 16 138,000 71,000 To advance to ;t/ths. 
were altogether mistaken, for although Mr, Hunt} Boadicea... 1 aes} 4027 | 5250 16 146,000 68,000 Tocomplete by Oct. 1876 
made profession of his continued belief in ironclads,| Bacchante 3932 | 5250 16 138,000 72,000 To complete. 
the Admiralty policy ong oeppnen to ow con- 3 
struction appears to as ewarm as though D. 
controlled by the amateur writers of the Times. It ey High Sree, 
is true that what is described as vigorous progress} Iris ws wes ove] 9688 | 7000 10 90,000 To advance to x%ths. 
is to be made with the ironclads already commenced,| Mercury... -| 3693 | 7000 10 90,000 ee ” »  Yooths. 
but that might be expected in any case. The 2 
material point is that at least a year is to pass, and Composite Corvettes : 
probably much more, before a single new ironclad | ~ Garnet a ar ‘. »  Yiths. 
can be laid down. Last week we could only admit} Emerald... ‘ye 55,000 to 23, 460 to he am —s 
Mr, Reed’s warning to have the force of a timely| Ruby(c).. ..  .. 59000 26 500 To complete. 
reminder of duties which there was little realfear of | Tourmaline(c)... — ...| -1864) 2100 14 (for shi (for shi ” 
-y Admiralty neglecting ; now we a it as proof Fm ved (< FP named simely ” 
of a not yet present, but inevitably approaching, : : ; . 
national danger. We are not prepared to adopt his atehy se a ios soca 
method in respects, and may have occasion to ; 
question his system of comparison with other fleets, | Composite Sloops : p 
but in the main we agree with his conclusions. —— e 9) 39 - a = gg Woths. 
Two reasons may be given—and in fact both are| pp, hen x ? 34,750 10,450 en aoe 
given by Mr, Hunt—for this apparentneglectofiron-| Penguin (c) _. || 1124 900 6 1 to { to i a. 
clad shipbuilding ; first, that ourforce of those vessels| Wild Swan (c) ... ... 37,000 12,250 - 
is, and, with the aid of those building, will continue| Threeothers ..  «. To commence. 
to, be sufficient ; and, secondly, that the need for ad- 5 
anew _searmeanse ships bs 80 os as to justify Flamingo 23,730 To complete. 
the ence given to them in the year’s pro- EIS veneer i About 10, Soa — 
aa With the first reason Mr. Reed dealt in Two others Mad «J } of B 3 { @ Condor) aoe re | ona in anticipation 
advance, —— we shall ag to it n another + ee 
occasion, merely saying now that we entirely dissent ‘ 
from it. The second reason has validity only if the Ome Sake... 
first be admitted, for no conceivable force of shi () an ae,stiee_ 420} 980 4 po cost {Maines we Ditto ditto 
such as those upon which the greater part of the 11,500 5,500 
vote ‘‘ for ships building by contract” is to be spent, . 
could take the place of a fighting fleet—say, to save | Iron Gunboats for River . ee 
the country from an invasion. On the other hand, Tele ' { 3 and } -— eulened Sn eee, 
the injury we might suffer from a temporary re- meas 2: se 2 Gatlings completed within year. 
eee = ce numbers 43 the appre eaeumcaved 
ips might be annoying, but co y, in_ the | Torpedo Vessels : 
poe sense of nag set : ere Atis} “ ee oot fe 
customary to speak of them as the police eseas,| « nyt pod Se BS see ove 
and the comparison is a sound one. They are no ion ema veseels 
more part of the fighting navy than the metro- y Lostee, Sx : s _ 
politan police force is of army. For instance, 
twelve fight-draught iron gunboats, each armed| One tug (c) (*) “for tor- 
with three 64-pounders and two Gatling guns, are pedo service owe 
to be built forthwith, mostly for service in the 
Chinese rivers. The description sound good, and| “rand total, 51 vessels. 


the money will no doubt well spent, but the 
announcement of their intended construction has no 
more to do with the question of strengthening the 
joe! Pp the announcement of the building of 
ano royal t might have, and Mr. Hunt, we 
need not say, does not represent them in any such 
misleading light, Mr. Gathorne Hardy would 
on Some to the Sane st Commons and 
say that, as the army was admitted to stand great! 
in need of additional regiments, he had pata 
with the Home Office to add 500 men to the me- 
tropolitan police, but it is just conceivable that if 


























the police force as well as the army were under the 
War Office, and service in the former was especially 
popular, the Minister of War might be tempted to 
spend on the police what was still more urgently 
required to be spent on the army. For thieves and 
roughs to gain ground would be annoying, and in 
time of peace would create a great deal of dissatisfac- 
tion ; but if the cost of repressing them proved to be 








the defeat of the army on the outbreak of war, the 


” (c) Vessels marked thus built or building by contract. 
Vessels now proposed to be built shown in italics. 


nae? mind on the subject would soon change. 

ing like this, we fear, is what goes on at the 
Admiralty. That department has the control, not 
only of the fighting navy—which is the ironclad 
navy, or such torpedo ships or rams as may establish 
their claim to displace it—but of the police navy 45 
well, the fleet which is to prey upon an enemys 
commerce and protect our own, and which, mean- 
time, secures us the respect of uncivilised countries, 
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and extends our moral influence. Such functions 
are exceedingly important, and the performance of 
them is the favourite service of naval officers, 
offering as it does both agreeable employment and 
almost the only opportunities of distinction in time 
of peace, and sure opportunities in war, and secur- 
ing them that kind of training to which they still 
attach the greatest importance. These causes make 
what may be called the maritime police service ex- 
tremely popular, not only with the Navy at large, but 
with the naval men who most directly influence the 
Admiralty policy, and outsiders may be forgiven asus- 
picion that its interests are sometimes pressed to the 
disadvantage of that real navy upon whose efficiency 
the existence of the empire depends. Mr. Childers, 
it seems, so fixed the numbers of unarmoured vessels 
on foreign stations, that 84 are this year required as 
reliefs, whereas only 76 are available. This is clear 
reason for increased activity in unarmoured ship- 
building, but we cannot believe that, in the present 
state of affairs, such dangers could attend a reduc- 
tion of our unarmoured ships abroad by eight vessels 
as to justify the course adopted by the Admiralty. 
From the information given in the Estimates it 
appears that 10,091 tons of ironclad ships were built 
last year, ayainst 8037 dons only (on exactly the 
same ships) to be built this year (see Table I. 
annexed). 

‘Table IL. has been drawn up after comparison of 
the Estimates with the report of Mr. Hunt's speech, 
and with a parliamentary paper published last year. 
It is intended to show, as far as possible, the year’s 
programme of unarmoured shipbuilding, both in the 
dockyards and by contract, but no details are yet 
available. as to some of the vessels, ‘The large 
number of composite ships which have recently been 
added to the fleet should effect some diminution in 
the enormous waste of unarmoured vessels which 
has hitherto taken place, and there may be true 
economy in the large outlay of the coming year, 
even if Parliament should require it to be increased 
to keep up the programme of unarmoured shipbuild- 
ing. 

Though Mr. Reed’s speech on Monday preceded 
Mr. Hunt's, it is best viewed as a criticism upon the 
adequacy of the Government proposals. Having 
stated what these are and ourown opinion of them, we 
reserve further consideration of Mr, Reed’s valuable 
contribution to the public knowledge upon the sub- 
ject.* 








THE PATENT BILL. 

Tue Patent Bill was read a second time in the 

House of Lords on Tuesday. Debate there was 

none, at least nothing worthy of the name, Lord 

Rosebery presented petitions from the Artisans’ 

Institute, and from the London Association of Fore- 

men Engineers and Draughtsmen, praying for a 

reduction of the fees, and asking that greater faci- 

lities should be given to inventors and others for 

seeing the specifications of patents. ‘The Lord 

Chancellor disposed of the t objection by re- 

ferring to the recommendations of the Royal Com- 

mission and of the Select Committee of the House 

of Commons. Both reports were against any re- 

duction of the fees. The Lord Chancellor's Bill 

does, however, provide for a slight reduction, as we 

have already pointed out. The cost of a three. 

; years’ patent will be 20/. instead of 25/. as at pre- 
sent, but only in case no amendment before sealing 
13 necessary. ‘To plead that the Commissioners’ 
publications are not sufficiently accessible is to dis- 

play absolute ignorance of the matter in hand. 
*rinted copies of the specifications and indexes are 
to be found in nearly every free library in England. 
So lavishly have they been distributed that the 
supply far exceeds the demand, and we are acquainted 
with more than one town where they are looked 
upon. as an encumbrance. The supply of the raw 
material is ample, but what the inventor really needs 
is @ clue to guide him safely through the tangled 
maze of invention in the shape of a thoroughly good 
index. An improvement has recently been made in 
this respect, but the old indexes require consolida- 
tion, and the expenditure of a few hundred pounds 
would be sufficient to do all that is required. ‘The 
Commissioners of Patents are in possession of a 


* In Table No. VI. in ENGINEERING last week, page 195, 
the Penelope is stated, by a printer’s error, to be in China, 
instead of the Audacious. Similarly it is the Invincible, 
not the Audacious, which is in the Mediterranean. On the 
Same page it \is stated that the Ajax has no place in the 
Estimates. This.isan,error ; she appears in the p e 
pt shipbuilding work at Pembroke, and is to be advanced 











series of industrial records absolutely unrivalled, 
but the information requires to be digested and 
placed, so to speak, in a more attractive form. The 
labour of making a search is far greater than it 
need be, and the time of inventors is too precious 
to be wasted as it is now by reason of the imper- 
fections in the indexes. . And yet it is proposed to 
“pitchfork” a body of examiners into the Patent 
Office, where they will find nothing but antiquated 
rusty tools to work with. 

It has been frequently proposed to make the 
examiners a purely advisory body, and the proposi- 
tion was renewed in a petition to the House of 
Commons from the Trades Congress at Glasgow, 
which we printed a week or two ago. It has much 
to recommend it, and the only objection which can 
reasonably be brought against it, is that it is 
contrary to the public policy of this country for the 
State to do that for the individual which he may 
reasonably be expected to do for himself. In other 
words the State should not take upon itself the func- 
tions of a patent agent, and the Patent Office should 
not be transformed into a sort of ‘ Inquire within 
upon Everything.” Nor is it to be supposed that 
such a system would, in the long run, te of much 
service to the inventor, for however well the work 
might be done at first, the examiners would soon 
come to perform their duties in a perfunctory 
manner. There would be noincentive to encourage 
them to do their work thoroughly, rather the reverse 
in fact, for they would find that in the majority of 
cases their recommendations or advice would not be 
attended to. Your inventor is generally an ob- 
stinate man, and he will rarely listen to a sugges- 
tion that his invention is not new, still less will he 
lend a favourable ear even to a whisper that it is 
not useful. If you oppose him at the outset you 
only render him more determined, but leave him to 
himself and he will probably come to a better mind. 
Statistics prove indubitably that about one-third of 
the applications never go beyond the ‘ provisional” 
stage, a still larger proportion die at the end of the 
third year, and more at the end of the seventh year, 
so that very few run the entire term of 14 years. 
To be quite exact, we give the figures of the latest 
returns. There were in the year 1867, 3723 appli- 
cations, of which only 2253 were completed, At 
the end of the third year only 619 were in force, and 
at the end of the seventh year only 260 of the ori- 
ginal 3723 applications were alive. What reason 
then is there for establishing a costly system of 
judicial murder when so large a number of the ob- 
jects will die of themselves 28 a process of painless 
extinction ? We do not live in Utopia and we have to 
deal with things as they are. “If it were a question 
of devising the best possible theoretical system, and 
the world were in its yout, the advocate of pre- 
vious examination might possibly have some reason- 
able ground to stand upon. 

We are quite aware that the text-books lay down 
the principle that the grant of letters patent is a 
matter of privilege, not cf right, but it is a question 
how far this principle has not been abrogated by a 
practice which has now subsisted for a very long 
period, viz., that of granting patents almost indis- 
criminately so long as they are not in the nature of 
a monopoly. Should Lord Cairns’ Bill become law 
in all its rigour, every applicant who has been 
refused a patent will be straightway converted into 
an enemy, unreasonably so in many cases we admit, 
and in a few years the ranks of the opposition will 
be so swollen that patents will be abolished 
altogether. This is not mere theory, and the best 
proof of its truth lies in the fact that the professed 
abolitionists were warm supporters of the Bill of 
last year, and are less enthusiastic about the present 
measure, because some of the more objectionable 
features have been modified. 


THE BOILERS OF H.M.S. “SERAPIS” 

A FEW nionths ago, when H.M.S, Serapis started 
on her voyage to India, considerable attention was 
attracted to the performance of her boilers and to 
the trouble experienced with them owing to exces- 
sive priming. Before H.R.H. the Prince of Wales 
was taken on board at Brindisi this difficulty had 
been practically surmounted, but so far as we are 
aware no account has yet been published of the 
means resorted to to attain this end, and we believe, 
therefore, that the following report of the behaviour 
and treatment of the boilers after leaving England 
will interest a number of our readers. 
~-Early-in 1875 the old rectangular boilers of H.M.S. 





Serapis were replaced by cylindrical ones capable of 
working to a pressure 


60 Ib. per square inch.” As 





the old simple engines in the ship had not been 
compounded, however, the pressure of steam in the 
new boilers was kept at 30 lb. per square inch, the 
safety valves blowing off at 32 lb. per square inch, 
There are three furnaces to each boiler 3 ft. dia- 
meter and 6 ft. long, these giving a total grate 
surface to each boiler of 54 square feet, and in the 


-eight boilers there is thus a total grate surface of 432 


square feet, There are 242 tubes in each boiler, 
each 2 in. diameter and 7 ft, 4 in. long, these 
giving a total heating surface of 10,689 square’ feet. 
The boilers are fitted with steam domes 6 ft. in 
diameter and 5 ft. high; the internal steam pipe is 
7 in, diameter, and is secured to the upper part of 
the dome. ; 

The ship was tried on the measured mile at Stokes 
Bay, and attained a mean speed of 13.9 knots per 
hour, with an indicated horse power of over 4000. 
All the circumstances under which the ship was 
tried, were very favourable to a good performance 
of the engines, Nixon’s navigation coal was used, 
and picked stokers from the Steam Reserve attended 
the fires. 

On Thursday, September 23rd, 1875, the ship pro- 
ceeded from the ship basin to Spithead under steam, 
all the boilers were filled up to the working level 
with water from the ship basin, and fires were lit in 
all the boilers. On this run out the engines were 
worked very easily, the boilers priming to a very 
slight extent. 

On Friday the 24th it was determined to give the 
ship a preliminary run before proceeding on the full 
speed 6-hours’ trial of the ship. Fires were lit as 
before in all the boilers, steam raised to 30 lb. per 
square inch, and the speed of the engines was 
gradually increased from 82 to 36 revolutions, and 
then to 38 and 40, but at these latter speeds the 
boilers commenced to prime, and the water passed 
continuously over into the cylinders, so that the 
relief cocks on the cylinders had to be kept con- 
stantly open to relieve the cylinders of the water. 
It was found impossible to keep the water steady in 
the boilers; at one time the gauge glasses would 
show no water in the glass fg a minute after the 
glass would be full, Itis no exaggeration to say 
that in three boilers out of eight, the water would be 
above the top of the glass, and in three’ more below 
the bottom of the glass (how much below nobody 
could guess), andin the remaining two the water 
would show at the working level. The only means 
available for insuring the safety of the boilers was 
by pumping water from the sea into the boilers to 
make up for what passed through the engines and 
separator. Both donkey engines were kept con- 
tinually at work during the whole of this day’s 
performance, and as no improvement was apparent 
the trial was postponed till the following day 
(Saturday). 

Fires were again lit and steam raised to 30]b. per 
square inch and the a proceeded on her six hours’ 
run. The attempt to obtain anything approachin 
the speed, which she obtained on the measure 
mile, proved quite abortive; the speed of the en- 
gines never exceeded 44 revolutions and the speed 
of the ship varying from 9 to 10 knots. 

As there was no more time to attempt another 
full speed trial at Portsmouth it was determined to 
give the ship a trial from Portsmouth to Plymouth 
in charge of the officials from Portsmouth Dockyard. 
Accordingly on Sunday morning the 25th the Serapis 
started from Spithead, and this last attempt proved 
but a repetition of the previous two days’ per- 
formances, All available means were taken to stop 
the priming, but stern necessity decreed that water 
must be kept in the boilers, so both donkey engines 
had to be kept constantly at work. Keeping the 
midship draught plate lores | closed was supposed 
to be a great remedy to stop the evil, as also brining 
down the boilers, attempting to feed the boilers 
regularly, firing easily, and partially closing the other 
draught plates, but all proved of no avail, so the dock. 
yard officials were left at Plymouth and the vessel 
continued its journey to Malta. For the first three 
days after leaving Plymouth, matters continued in 
the same unsatisfactory state with but little chance 
of improvement. It was discovered that the tubes 
in two of the boilers were beginning to leak, In 
one the tubes became choked up with salt, and large 
cakes of salt collected on the back of the tube plate, 
and though the water did not leak into the furnaces 
through the tubes being plugged up with salt, yet 
it was rather an unsatisfactory arrangement as un- 
fortunately the coal would not burn on t fires 
as there was no draught. In the other er the 
tubes continued to ‘leak very tadly, so much so 
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that it was considered necessary to draw fires. Ten 
leaky tubes were replaced by ten new ones and all 
the ends of the tubes at the firebox end were 
ferruled. For some time, therefore, two boilers 
were unavailable, and till Malta was reached there 
were but seven in working order. The maximum 
number of revolutions obtained during the run was 
44, and that only for a short space of time. The 
coal_proved of a very inferior quality and the prim- 
ing continued but to a much less degree. Malta 
wasreachedon Thursday, October 7th, aftera journey 
of ten days, a very poor performance, the speed not 
averaging more than nine knots. 

At Malta it was decided to fit rectangular plates 
of thin sheet iron over the top of the tubes, and 
about 3 in, above the water level in the boiler to 
prevent the water passing over with the steam into 
the cylinders. ‘There were 12 plates fitted to each 
boiler, each 1 ft. 24 in. by 4 ft. 10 in., and small 
spaces y; in. wide were left between each pair of 
alates to allow the steam to pass through to the 
dome. ‘To understand the matter better, imagine} a 
large rectangular plate, 9 ft. 8 in. by 7 ft. 3 in., 
placed in the boiler 3 in. above the water level with 
five emall slits ,& in. wide, and parallel to the longest 
edge of the plate. These plates projected 2 in. over 
the firebox, and were fitted to the six foremost 
boilers, and in addition to these copper shields were 
fitted over the internal steam pipes, in the two 
forward boilers, a space of j in. being left between 
the internal steam pipe and the shield. In the two 
after boilers planks of wood 4 ft. 3 in. by 1 ft. were 
»laced so as to float on the surface of the water. 
These planks were guided by vertical rods passing 
Soumah holes in the planks and fitted to the stays. 
All leaky tubes were caulked, and the salt cleared off 
the tube plates, and out of the tubes where required. 
The water in the boilers was pumped out, and the 
boilers run up with clean sea water from Bighi Bay ; 
all the loose scale in the boilers was removed, and 
the boilers washed out, 888 tons of Nixon's navi- 
gation coal were placed on board, and on Wednes- 
day, October 13th, the ship left for Brindisi with the 
chief engineer of Malta Dockyard on board, 
Priming did certainly occur, but to a very slight 
extent ; on one or two occasions the water passed 
over into the cylinders, but the number of revolu- 
tions was now 48 to 50, and the speed had increased 
to 11 knots. The chief engineer of Malta Dockyard 
left the ship at Brindisi, and the ship was placed 
under the charge of the Chief Inspector of the 
Portsmouth Steam Reserve. 

On leaving Brindisi priming again took place, 
the water coming over into the cylinders, but with 
this exception the priming was not repeated. At 
Bombay, Port Said, and Colombo the coal that was 
placed on board was very small and dirty, and in 
order to maintain the speed of 48 revolutions, the 
blast was used, and the fires forced very much. 
The boilers were not pumped out again after leaving 
Malta till Colombo was reached, when they were 
pumped out and run up with clean sea water. 

Soon after reaching Calcutta it was decided to 
remove the plates and planks that had been fitted 
at Malta and restore the boilers to their original 
condition as on the trials at Portsmouth. All the 
plates and planks were accordingly removed, as also 
the shields on the internal steam pipe in the two 
forward boilers. The pressure of steam in the boilers 
was increased from 30 lb. to 33 lb. per square inch, 
and the safety valves screwed down to obtain the 
increased pressure. All the loose scale was re- 
moved and the boilers thoroughly washed out. A 
week before leaving Calcutta “he boilers were filled 
with fresh water run into them from a hydrant on 
shore, 

Four compartments of the double bottom, Nos. 
9 and 10 port and starboard, were also filled up 
with fresh water, a pipe was fitted from the donkey 
suction to the “fore and aft” pipe fitted for the 

urposes of running up and pumping out the double 
bottome. ‘This pipe was fitted with a non-return valve 
box and cock, so that whilst steaming down the river, 
in case any extra feed was required, as in cases of 
stopping for any length of time, there would be no 
necessity to use the muddy water of the Hooghly, as 
the donkey feed was taken from the double bottom. 

On the first and second days’ steaming not the 
slightest sign of any disturbance of the water in the 
boilers took place, a speed of 48 to 50 revolutions 
being maintained at times. On the third day's steam- 
ing as the ship approached the sea, the feed-water 
became salt owing to the leaky condenser tubes, &c., 
and as the fresh water in the boilers began to mix 


with the salt feed-water, signs of unsteadiness in the 





water a) .. Very little passed over into the se 
rator = none into the cylinders. The Serapis ieft 
the outer lightship at 6 p.m., Saturday 12th, and after 
being twelve hours fairly at sea, the water settled 
down in the boilers and continued steady the whole 
of the run to Bombay. A speed of 44 to 46 revolu- 
tions was maintained during the whole of the run, 
Bombay being reached at 8 P.M., on the 20th, after 
being under way 195 hours. The total distance 
run was 2100 knots, which gives a mean speed of 
10} knots. During the run up the east coast of 
Hindostan the wind was ahead, at times blowing 
very strongly. ‘The consumption of coal for steam- 
ing purposes on this journey was 523 tons, which gives 
an average of four knots toa ton. For the purposes 
of comparison we will take the trip from Suez to 
Bombay. The distance may be taken at 297.0 knots. 
The coal consumed was 875 tons, which gives a 
mean of 3.4 knots toa ton. The speed in the two 
cases was about the same. We have thus a gain of 
15 per cent. on this last trip. How to account for 
this is difficult to say, but one is led to the io- 
ference that the removal of the plates and planks 
might be the cause. 

The boilers are now in the same condition as they 
were at Portsmouth, and no priming is taking place. 
The circumstances are almost identical with the ex- 
ception that the boilers have become coated over 
with a thin scale, and instead of water from the 
steam basin they are filled with clean fresh water. 
In the face of the performance of the ship on the 
passage from Calcutta to Bombay one feels inclined 
to doubt the efficiency of the plates, &c., as fitted at 
Malta as a remedy for priming in boilers. In fact 
this seems to add one more testimony to the opinion 
that the surest and best way to stop priming in new 
boilers, with a small steam space, is to allow a scale 
to accumulate over the internal surfaces of the 
boilers, thereby reducing the intensity of the evapora- 
tion from a given area of heating surface. 

The domes in the boilers of the Serapis are fitted 
on the top of the boilers, and are rivetted by angle 
irons to the cylindrical barrel. There is a man- 
hole 1 ft. 3 in. by 1 ft. cut in the top of each boiler 
to allow the steam to pass into the Sone, In cases 
where the water is carried over with the steam into 
the dome, the water accumulates in the latter and 
ean only return to the boiler through the hole made 
for the exit of the steam. If this dome gets filled 
with water the water is forced over into the steam 
pipe, and should the water return to the boiler it 
causes the water level to rise above the top of the 

lass. Now the volume of the dome is 117.8 cubic 

eet, so that if we take the area of the water level 
in the boiler at 84 square feet, imagine the dome 
to be filled with water and this to suddenly return 
to the boiler, we have the water level increased by 
at least 1ft. 3in. This may account for the great 
variations in the level of the water in the boilers on 
the run from Portsmouth to Malta. 








A NOVEL LOCOMOTIVE. 


We have long taken a considerable interest in 
the development of economical railway construction, 
and for this reason we have read with attention a 
a, on the subject which has just been issued 

y Mr. James A. Longridge. Mr. Longridge is an 
engineer of mature experience and established 
reputation, and this being so we expected his 
pamphlet to contain some useful practical informa. 
tion bearing upon the subject of which it treats. 
In this —- however, we have been disap- 
pointed. In fact, the pamphlet although nominally 
treating of cheap railway construction ag a whole, 
appears really to have been prepared with the 
special object of setting forth the alleged advan- 
tages of a very remarkable type of locomotive of 
which the author is the designer. Mr. Longridge 
commences by urging the value of railways as 
means of developing a new country, and he advo- 
cates their construction in such cases even in 
preference to ordinary roads. In order, however, 
that the construction of such railways may be 
financially possible they must, as he points out, be 
surface lines and must carried out with every 
regard to ae pa ge details. To insure this 
economy Mr, Longri roposes to discard the use 
of ballast, and to mab the lines with gradients as 
steep as ] in 12 or ] in ]5 and with curves of 100 ft. 
radius. As re gauge he expresses a preference 
for a width of one metre (a measure by-the-bye 
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which Mr. Longridge persistently translates as 
8 ft. 3} in. instead of 3 ft. 33 in.) where its adoption 
does not clash with existing lines, and he estimates 
that such railways as he advocates, laid with a rail 
of 301b. to the yard, could be constructed for 3000/. 
om mile. So far Mr. Longridge’s pamphlet contains 
ittle or nothing which has not been often said 
before; but any want of originality on these 
preliminaries is amply atoned for by the description 
of the locomotives which the author proposes to 
employ on these cheap railways. 

Speaking of the steep gradients which his pro- 
posed cheap railways are to have, Mr, Longridge 
says: 

‘* Here I will no doubt be met with the ordinary remark 
—hitherto a very true one—steep gradients require heavy 
engines. Heavy engines require heavy rails and sleepers, 
and, besides, involve a long wheel base, and consequently 
curves of large radius. say that such a remark has 
hitherto been a very true one, although Mr. Fairlie has, 
to some extent, modified its truth by the construction of 
engines which bear his name. I do not wish to decry the 
merits of Mr. Fairlie’s engine. It is a step in the right 
direction, but it does not and cannot go far enough. For 
instance, in his powerful engines he has from 4} to 5 tons 
on each wheel, which requires a rail of 75 lb. per yard ; or, 
taking his narrow-gauge engines, the weight on each wheel 
is 34 tons, requiring a rail of 521b. Besides which, the 
engine is in reality a double engine, and has, therefore, 
double the number of working parts of an ordinary engine. 

Having made these objections to the Fairlie en- 
gine, Mr. Longridge subsequently proceeds to describe 
his substitute, and a very remarkable substitute it 
is. The particular engine which Mr. Longridge 
illustrates in his pamphlet is one which he states 
‘* was designed to show that it is possible to place 
‘* on a metre gauge railway an engine more powerful 
“ than any engine that has yet been built in Eng- 
“land, even for the 7 ft. gauge of the Great 
‘* Western ;”’ but this engine, he adds, is similar in 
construction, save that it is somewhat larger, to 
those which he proposes to employ on his cheap 
railways. The engine then consists in the first 
— of three trucks or bogies, each having a wheel 

of about 7 ft. 6in., these trucks being so hinged 
or jointed together that they are kept at a fixed 
distance apart. The first or front bogie is made 
with inside frames, and is furnished with three pairs 
of wheels 3 ft. 6 in. in diameter coupled together by 
side rods in the ordinary way. ‘The second bogie 
has two pairs of wheels with a ‘‘ dead” axle between 
them, this axle having disc cranks at its ends, and it 
and the wheels being coupled. The third bogie 
has outside frames and three pairs of wheels coupled 
by means of outside cranks. Next between the 
bogies are frames carrying ‘‘idle” toothed wheels 
which gear into wheels fixed on the centres of the 
two axles between which the idle wheels are 
situated. Thus theidle wheel between the front and 
middle bogies gears into wheels on the hind axle 
of the front bogie and the front axle of the second 
bogie, while the second idle wheel similarly gears 
with wheels on the hind axle of the central bogie 
and the front axle of the third bogie er ge 
Thus by means of six coupling rods on each side 
and six geared wheels Mr, Longridge manages to 
couple the eight axles on which his engirie is carried 
and to connect them with the dead axle of which 
we have already made mention. 

To put all these contrivances in motion Mr. 
Longridge provides a pair of cylinders 24 in. in 
diameter with 24 in. stroke, which he places verti- 
cally at the centre of the length of the engine, the 
connecting rods being coupled to the crank-pins of 
the disc cranks at the end of the! dead axle. The 
cylinders are attached to vertical plate frames, which 
as far as can be judged by the drawings, are con- 
nected to the frames of the central bogie in a 
manner calculated to produce a highly elastic 
arrangement. - 

The boiler—the weight of which is distributed 
over the three trucks—has a firebox extending very 
little below the barrel, this firebox being traversed 
by two transverse water partitions, under and over 
which the flame passes on its way to the tubes. 
The gases, after traversing the tubes, return through 
a flue fixed on the top of the boiler, to a chimney 
situated just in front of the firebox casing. The 
steam pipes are placed in this flue with a view of 
superheating the steam. The firebox heating surface 
Mr. Longridge gives as 117 square feet in one place 
and 120 square feet in another, and the tube surface, 
as 1960 square feet. The area of firegrate is also given 
in two places as 26 square feet and 27 square feet 
respectively. The weight of the boiler, is as we 
have said, distributed over the three trucks, but 
there is a rigid attachment between the boiler and 
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the central truck only, the ends of the boiler resting 
on rollers which bear on roller paths fixed to the front 
and hind bogies. The whole task of steering the 
boiler round a curve is thus thrown upon the central 
bogie. In this respect the central bogie may be 
said to resemble a truck with a 7 ft. 6 in. wheel 
carrying a boiler 25 ft. long ! 

The fuel is carricd in a bunker on the trailing 
bogie, this bogie also carrying a tank containing 
500 gallons, The remainder of the water, amount- 
ing to 900 gallons, is contained in side tanks fixed 
to the barrel of the boiler so that their weight rests 
partly on the leading and partly on the central 
truck. The total weight of the engine Mr. Long- 
ridge gives as 48 tons, and he informs his readers 
that three-eighths of this weight is carried on the 
leading and three-eighths on the trailing bogie, the® 
remainder resting on the central bogie so as to give 
a load of 3 tons on each wheel. We presume that 
Mr. Longridge means this to be the state of affairs 
on a level, for if the leading bogie had just entered 
on a gradient of 1 in 12, such as Mr. Longridge 
proposes to work, the leading roller path on which 
the front end of the boiler rests would be raised 
about 7} in., and under these circumstances the 
central bogie would be relieved of load altogether, 
and in fact its frame would be lifted with the boiler. 
It is true that Mr. Longridge shows in his engrav- 
ings what we presume are intended for compen- 
sating beams, connecting the front and middle 
bogies and carrying the boiler; but a very slight 
examination suffices to show that this arrangement 
could not possibly act, and that in fact the compen- 
sating beams are perfectly useless. Moreover, the 
action of the gearing between the bogies very 
materially affects the distribution of weights. 

This, then, is the type of engine which Mr. Long- 
ridge proposes for adoption on cheap railways. To 
describe such an engine is to condemn it, and we 
cannot understand an engineer of Mr. Longridge’s 
practical experience bringing forward such a crude 
and ill-considered design. We suppose that Mr. Long. 
ridge presumes that an engine on his plan would 
work or he would not have seriously proposed it ; but 
in this presumption we cannot agree with him. 
Fancy an engine with eight carrying and one dead 
axle coupled in the manner we have described being 
employed to work a cheap railway! Mr. Longridge 
calculates the tractive power of the particular en- 
gine above described at 11} tons with a mean pres- 
sure of 80lb. per square inch in the cylinders, and 
asserts that it will draw, exclusive of its own weight, 
a load of 80 tons up a ient of 1 in 12; but we 
venture to think that Mr. Longridge might consider 
himself very fortunate if with such an engine he 
took anything approaching half this load up the 
gradient stated. The internal friction of such an 
engine would be enormous. 

It would be waste of time to criticise in detail such 
a system of construction as that set forth by Mr. 
Longridge, but we may make some comments on the 
| pene which we have already given from Mr. 

ngridge’s pamphlet. Mr. Longridge there says 
that the Fairlie engine, although it is a step in the 
right direction, ‘‘does not and cannot go far 
“enough” as regards the reduction of load per wheel, 
In making this statement Mr. Longridge is entirely 
in the wrong. The fact is that the Fairlie system 
gives every facility for distributing the load over 
any desired number of wheels. Supposing that it 
was essential to build a 48-ton engine, and to keep 
down the load per wheel to 3 tons, then by making 
a Fairlie engine with two eight-wheeled bogies, this 
could be done in an infinitely preferable way to 
employing Mr. Longridge’s arrangement. But we 
venture to say that a 48-ton engine is not a machine 
which it is at all desirable to use on a line capable 
of carrying a load of but 3 tons per wheel, and in 
this opinion we think nearly all locomotive engineers 
will agree with us. 

Mr. Longridge objects that the Fairlie engine is in 
reality a double engine, and ‘‘ has therefore double 


“‘ the numberof working parts ;” he forgets, however, | gi 


to state that these parts are reduced in size, and that 
the strain upon them is only half what it would be 
if the whole engine was driven from one pair of 
cylinders such as he himself employs, To our mind 
the eee of the cylinders, connecting rods, 
and valve gear is a small evil compared with the 
adoption of such a complicated system of coupling 
as Mr. Longridge has resorted to. 


_Mr. Longridge is also in error when he states that 
his proposed engine, which we have described, is 





** more powerful than any engine that has yet been 
“built in England.” It  & a greater proportion of 








cylinder power it is true ; but its cylinder power is 
considerably in excess of that which its adhesion 
could utilise, and as regards real tractive power it 
is inferior to the Fairlie engines constructed for the 
Pisagua Railway, of Peru, as well as to those now 
at work on the Iquique and the Mexican railways. 
Moreover, it must be remembered that these Fairlie 
engines are all realities, and have done good service, 
while Mr. Longridge’s curious arrangement is, we 
anticipate, scarcely likely to be carried into execu- 
tion. 





REGISTRATION OF TRADE MARKS. 


Tue Trade Marks Registration Act finds small 
favour in Manchester, and a long and important 
petition has been presented to the House.of Com- 
mons by the Manchester Chamber of Commerce, 
the Manchester Trade Marks Association, and the 
Bleachers’ Association, praying that the Hous® will 
disallow rules 23, 24, and 25 of the first schedule, or, 
in other words, that cotton yarn and thread cotton 
piece goods of all kinds and all other cotton goods 
may be excluded from the operation of the Act. 
The petitioners allege that the Act is costly, in- 
effectual, and likely to lead to much confusion and 
litigation. They represent that the trade of the 
district is grievously embarrassed by the fear of 
losing their old and established rights in certain 
marks, the possible limitation of those rights, and the 
cost and trouble which compliance with the rules 
involve, They admit that marks and tickets should 
be protected in the interest both of the importer 
and consumer ; but they are of opinion that the old 
law was quite sufficient. It is thought also that 
the Act encourages sere to appropriate to them- 
selves marks which have by long use become com- 
mon property and are freely applied to the goods of 
different makers, thus subjecting the public rights 
to unnecessary and unjust peril. 

‘* With regard to stamps, marks, and headings which are 
of common use, bleachers and others, who simply apply 
them to goods for hire, are placed by the Act in question in 
a position both unjust and p sencarere whilst these persons 
have no interest in the use of one stamp more than another, 
but simply “e | the orders of their customers; in doing 
this, however, they are subject to attack from any person 
who may have thought fit to register the mark in question ; 
they are thus forced either to keep a constant watch on the 
register, to defend an action at law, or to decline alto- 
gether to stamp goods, or to bleach any that have head- 
ings 


‘* Headings,” we may remark, are the lines of 
coloured or gold thread which are sometimes to be 
seen running through the ends of the piece, 
and which indicate the goods of a certain manu- 
facturer. The petition also sets forth : 

‘That in most foreign markets, and in the East India 
trade especially, there is an almost endless variety of 
markings, ticketings, stampings, and headi i 
have hitherto been recognised as the distinct pro 
of those who have first introduced them into the markets. 
That it now becomes possible under the new Act to com 
merchants to abandon the use of such marks, and for 
the disputant to obtain a monopoly to which he has no 

ight, and which may noteven be necessary to his business. 
That merchants are thus compelled either to register at 
great cost every stamp that can possibly be useful to their 
trade, regardless of previous user and proprietorship, in the 
hope that fortune may befriend them in the litigation 
which may be necessary to substantiate their claims, or 
they will abandon the expensive experiment of istra- 
tion, and await their opportunity of attacking the position 
of those who have ventured first into the field. The success 
or otherwise of such an attack must greatly depend on the 
information or caprice of the registrar, who can form some 
idea of the task before him from the fact that many of the 
largest firms have as yet taken no steps to register their mul- 
titudinous stamps an ae That the enormous number 
of marks, tickets, &c., used by some houses, the similarity 
of the designs, and the manifold combinations in which 
they are applied to various fabrics, render an accurate re- 

istration under the Act impossible. That not only would 
immense trouble and expense be entailed in constantly 
watching the register to guard against infringement, but a 
proper inspection of the designs registered would be im- 
possible unless the depét for them was established at or 
or near the a of the es a. That, WF 
mere oversight in perusing the register, by some unavoid- 
able delay in attending to a notice of o ition, or in 
iving security for the costs of such opposition, the owner- 
ship of a stamp or ticket, gp indisputable under 
the old law, might be quickly and quietly appropriated, 
and the merit and advantage of a persevering industry 


alienated. 

The substance of this petition was laid before the 
Lord Chancellor on Monday last by a deputation 
from Manchester, introduced by Mr. Hardcastle, 
M.P., and Mr. Hick, MP., representing the various 
associations who signed the petition. A large num- 
ber of specimens of headings were exhibited to his 
lordship, and it was explained that it was impossible 
to register them effectually as they were not allowed 
to be described with any re, to colour. The 


deputation urged the Lord Chancellor to send a 
commission to Manchester to inquire into the de- 
tails. In reply Lord Cairns remarked that evidence 
should have been tendered against the Bill when it 
was passing through Committee, to which the de- 
putation retorted that the Bill was hurried through 
the House and they were not prepared with evi- 
dence, On the following day (Tuesday) a deputa- 
tion from Manchester also waited upon the Registrar 
of Trade Marks to urge the same points as those 
laid before the Lord Chancellor on the day previous. 

A deputation of the Associated Chambers of Com- 
merce had an interview with the Lord Chancellor 
last week with reference to the amount of the fees 
chargeable under the ‘Act. His lordship explained 
that as a very solemn form of acknowledgment of 
registration would be given the certificate (the fee 
on which is 1/.) would only be required in case legal 
peeneonmege were contemplated, As to the other 

ees it was a matter for the Treasury, and although 
no ae should be made his lordship thought that 
no loss ought to accrue to the office. It is, we be- 
lieve, in contemplation to address the Chancellor of 
the Exchequer on the subject. 

We understand, also, that a deputation, headed 
by Mr. Orr Ewing, M.P., of Glasgow, had an in- 
terview with the Registrar of Trade Marks last 
week, when the oppressive character of certain 
clauses of the rules was may dwelt upon. A 
petition was, moreover, presented to the House of 
Commons on Monday last from the Glasgow and 
West of Scotland Guardian Society, praying for the 
repeal of the Trade Marks Registration Act. 





THE EXPLOSIONS ON BOARD S&S. 
“ PROPONTIS.” 

WE have just received a copy of the technical 
evidence given at the Board of Trade official in- 
quiry into the boiler explosion on board the s,s, 

ropontis in December last. This vessel has been 
peculiarly unfortunate, for in September last two 
explosions took place on board. The first explosion 
occurred on September the 7th about 3.40 a.m. in 
one of the forward boilers, when working at 125 lb. 
— of steam. A rent was made along the 

ottom of one of the horizontal chambers directly 
over the fires, this rent being 23 in. long by 4in. or 
5 in. wide at the widest part. The plate simply 
opened out downwards towards the fire, no pieces 
being blown or torn off. The edges (torn) measured 
i in, thick and the plate #in. a little further in, 

o one in the stokehole was injured, but one of the 
engineers ran from the after stokehole to see what 
was wrong, and went right into the stream of steam 
issuing from the furnace door, where he got badly 
ternal. He afterwards died. 

The second explosion took en on September the 
19th, the pressure being 110 lb. to1151b. This rent 
was about 48 in. to 50 in. long by about 12 in. wide, 
and similarly situated to the other. It wasin one of 
the after boilers, The plate at torn edge measured 
nearly Zin. In this case the engineer of the watch 
was slightly burned by the steam; but though he 
died in hospital at Algiers we are informed that 
fright and his general state of health had more to 
do with his death than any injury he received. One 
fireman also got scorched from the flame driven out 
of a furnace door by the concussion, 

The Propontis has been more than once mentioned 
in our columns, It may be remembered that she is 
a vessel re-engined by Messrs. John Elder and Co, 
with three-cylinder compound engines,* and fitted 
with Rowan and Horton’s patent boilers, carrying 
steam of a pressure of 1501b. persquare inch, ‘The 
form of these boilers (there were four of them used) 
can be made clear in a few words. Each one con- 
sisted essentially of seven horizontal cylinders con- 
nected by some 300 or 400 vertical tubes, Three 
cylinders each about 3 ft. in diameter by 8 ft. 7 in. 
long were placed at the bottom, the spaces between 
them being occupied by the firebars. Ata height 
of some feet over these spaces, and, therefore, 
directly over the flame, came two middle cylinders, 
about 21lin. in diameter. It was in these that the 
last explosion took place, At some distance directly 
above these again were two upper cylinders 2 ft. 5 in, 
in diameter, and on these steam domes were placed. 
Each upper bowed communicated by a number of 
24in. vertical tubes with the middle cylinder im- 
mediately below it, with the middle one of the three 
bottom cylinders, and with one of the side ones. 
The three lower cylinders were connected at their 
back ends by a cross pipe, with which also the 








* See ENGINEERING, April 17, 1874, 
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middle cylinders communicated. Each middle 
cylinder was also connected with the cylinder above 
it by an ]1-in. vertical pipe at each end, and in this 
a circulating tube wasp No direct connexion 
existed between the two yn cylinders except by 
a 24.in. pipe, so that each boiler consisted virtually 
of two parts, connected freely at thé bottom, but 
separate elsewhere. 
oth explosions occurred, as we have stated, by 
the giving way of the lower plates of the middle 
cylinders directly over the fire in two of the boilers. 
hese plates were either y, in. or Zin. thick (the 
evidence is not clear) when the boilers were new, 
and witnesses stated that they still measure nearly 
H in. at the thinnest -_ when fractured. As they 
ormed part of a shell only 21 in. in diameter, they 
were, therefore, so far as mere thickness goes, amply 
strong enough for the 115 Ib. or 120 lb. steam 
which the boiler was carrying when the accident 
happened, One witness speaks, not very distinctly, 
of one of them as being somewhat laminated, 

The boilers seem to have given a good deal of 
trouble in different ways. One witness speaks of 380 
of the vertical tubes (out of a total of 1400) giving 
= after one voyage, and 50 at asubsequent period, 
and also of cstapinints as to the pitting of the lower 
cylinders, The latter does not appear, however, to 
have been very serious. Mr. F. J. Rowan, the son of 
the patentee of the boiler, says, too, that “ in con- 
sequence of corrosive action having commenced 
shortly after the boilers were started, after the 
second voyage one boiler at least was almost con- 
stantly disconnected because of the little vertical 
tubes giving way through pitting. And that neces- 
sitated the power being developed from three boilers 
instead of four ; sometimes two only were at work, 
and there was consequent forcing of the fires.” 

Such accounts of the working of the boilers are 
certainly not very encouraging. Losses and incon- 
veniences of this kind soon run away with the ad- 
vantages to be gained from steam even of 150 Ib. 

ressure, 
indicate the cause of the actual explosion, but it is 
some satisfaction that this cause can be very readily 
— out, Mr. P, Samson, who, along with Mr. 
xdale, made a number of experiments with the 
boilers, draws from these conclusions with the 
principal of which it seems impossible to avoid con- 
curring. He found that most extraordinary diffe- 
rences in water level in the two parts of each boiler 
resulted from differences in the condition of the two 
fires in the boiler. He says, for instance, ‘‘ By 
a ashpit door the water level in that section 
immediately began to rise and in the other to fall ; 
and by opening the ashpit door that had been shut 
and closing the other, the water went in the oppo- 
site direction as soon as the dull fire got into proper 
condition. This experiment was repeated several 
times with, . . . a range of difference in the water 
level of from 12 in. to 254 in. . . . As soon as the 
stop valve was opened. . . . the water level on the 
wing section fell about 12 in., and rose in the mid. 
ship section, ‘The fire under the midship section 
was then got into fair condition for steaming, and 
the other allowed to burn slowly with the ashpit 
door on, the stop-valve was opened, and in a few 
minutes the water which had been in the top gauge 
glass of both sections was down out of sight in the 
midship gauges.” 

The cause of this was of course the want of proper 
communication between the two steam spaces of 
each boiler. If one part were fired more rapidly 
than the other, the steam formed in it rapidly in- 
creased in pressure, not being able to escape at once, 
and forced the water downwards, lowering its own 
water level, and raising that of the other part of the 
boiler. Mr, Samson’s experiments, as well as the 
statements of the chief engineer, indicate pretty 
clearly that the middle cylinders—one at a timc— 
might be left dry, and if this be th case, there need 
be no further doubt that the proximate cause of the 
explosion was the overheating of these plates, its 
ultimate {cause being the absence of proper com- 
munication throughout the steam space of each 
boiler. It is only fair to Mr. Rowan to add that he 
does not ae to have been responsible for the 
omission of this communication, which formed a part 


of his — design. 

The addition of a large pipe between the upper 
cylinders or the domes of each boiler would pro- 
tone Sone re to a very great extent, if not entirely, 
the danger of the recurrence of such an explosion as 
the last. Whether in that case the other difficulties 
in working the boiler could be got over so as to 


make it permanently economi cannot be said 


None of these drawbacks, however, | 


without further evidence than that which we have 
before us. Indeed, a great deal of this Board 
of Trade evidence is vague and unsatisfactory, 
and not in any way suited to the requirements of 
the case. The amount of accurate statements of 
fact is small, a great portion of the evidence is 
made up of vague and unsatisfactory opinions or 
generalisations, which do not seem to be of any 
value so far as regards the chief object of the in- 
vestigation. The design of a boiler, which can 
safely and constantly be worked at 150 1b. pressure, 
is a matter of daily increasing importance to engi- 
neers, and failures and accidents form unfortunately 
a necessary condition of final success. 





THE BARRAGE OF THE NILE.—No. IV. 

WE have seen that the masonry superstructure of 
the barrage is of ample proportions in every respect 
for the duties it was designed to fulfil; we may now 
direct our attention to the means by which the de- 
sired retention during Low Nile was to have been 
obtained. 

Sluices.—The sluices or gates fitted to the open- 
ings of the Rosetta barrage have already been de- 
scribed and illustrated, and the condemnation 
warmly accorded the system by every one of the 
numerousCommissions who have reported on thisand 
other matters of detail affecting the barrage, has also 
been referred to. Glancing back to the drawing ac- 
companying our first article (seeante page 41) it will be 
seen that the sluices in vertical section are a portion 
of a circle struck from the pivot in the avaat-becs or 
cut-waters, to which the radial rods are secured, as a 
centre. Since the whole pressure against the sluices 
is sustained by the pivots and there are no sliding 
surfaces as in ordinary works of the class, the fric- 
tion in opening will be extremely small, and the 
system altogether would at first sight appear scien- 
tific and promising. From the looseness of fitting 
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might of course be readily blocked up, but there 
would yet remain the leakage due to the necessary 
looseness of fit between the iron gates and the 
avant-becs. The lateral play, as observed by the 
Commission, averaged about 14 in. in each opening, 
consequently if the 132 openings of the two 

were fitted with this class of sluice the leakage would 
be at the rate of 5000 cubic feet per second. This 
reduced quantity is still excessive, for, ag we have 
already shown, a minimum quantity of 8200 cubic 
feet per second was intended to be furnished to the 
main irrigation canals, whilst the total quantity in 
the river is sometimes as low as 12,600 cubic feet, 
hence the difference of 4400 cubic feet alone is avail- 
able to supply the waste by leakage through the 
sluices, it is obvious, therefore, that with such 


*sluices as those fitted to the Rosetta barrage it would 


be impossible to maintain the desired head and 
supply of water to the canals. 

Although the above is strong primd facia evidence 
against the system, we do not consider it conclusive, 
for doubtless with more careful fitting the sluices 
might be rendered sufficiently staunch. The Com- 
mission of 1863 condemned the system in its entirety 
chiefly because on finding the heavy sluices extremely 
unhandy even when exposed to a head of but a few 
inches of water, they drew the not unreasonable 
inference that they would be perfectly unmanage- 
able under a head of 15 ft., and they were further of 
opinion that under the latter head the ironwork 
would be found deficient in strength. 

We are not disposed to dispute the finding of the 
Commission, but we think it might fairly be urged 
on the other side that the defects of leakage, diffi- 
culty of handling, and insufficient strength considered 
by them to be fatal to the system, are in reality 
necessarily fatal only to the particular example of 
the system which they inspected. Both the first and 
last faults admit of obvious amendment, and the re- 
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and freedom of motion incidental to the absence of 
sliding surfaces, a certain amount of tremor might 
be anticipated when the sluice is partially opened 
and the water is rushing at a high velocity under 
its lower edge, and we believe the vibrations have 
at the barrage been found objectionably great. We 
have seen similar sluices in successful operation on 
the Seine, but these were com tively small in 
size, whilst each barrage sluice is as big as the leaf 
of a good sized lock-gate, or some 18 ft. high by 
16 ft. 5in. wide. It was intended to make these 
huge sluices buoyant and self-raising by pumping 
air into cylindrical chambers, which form an integral 
portion of the wrought-iron skin and framework of 
the sluice, but although the chambers are there we 
believe the original intention has never been put 
into practice. 

The sluices or gates described above are fitted 
loosely between the avant-becs, and shut down upon a 
lower sill of cast iron, which sill is or was perforated 
with openings in order to establish a continual 
current of water under the sluices, and so prevent 
the silting up which might otherwise be expected to 
occur above the . The Commission of 1863 re- 
ported that the i we size of these perforations in the 
sills of each of the 6] openings of the Rosetta barrage 
being equivalent to a slit about 15 ft. long by 1 ft. 
high, a pretty extensive waste of water would occur 
under the proposed head of 15 ft., and they had 

ood reason to call attention to this detail, for the 
disch arge of these orifices under the above conditions 


would be about 6.5v 15 x15 x 61=23,000 cubic feet 
per second, or nearly double the entire minimum 





quantity flowing down the Nile! These perforations 








ES eee = ; + 
August Septenbe October Nowmber December January February March April May 








maining one in reality merely involves a question of 
arrangement. Any heavy mass is difficult to handle 
with inadequate tackle, but with proper appliances 
a ** Woolwich Infant” is as tractable asa carronade. 
The fatal defect of the system in our opinion is more 
deeply rooted than are either of those cited by the 
Commission, and it consists not so much in any 
weakness or mechanical deficiency in the sluices 
themselves as in the indirect and unavoidable evils 
which must ensue from the extremely violent action 
of water controlled only by such sluices upon the 
apron of the barrage. 

From the upper edge of the sluice to the sill upon 
which it shuts is a depth of about 18 ft., and 
the level of the sill is within a foot or two of the 
upper surface of the béton foundation, about the 
imperfect condition of which something has been 
said in previous articles. Now if the barrage were 
complete, we should, as we have already shown, 
have but one-third the present quantity of water 
flowing down the river at Low Nile, the remaiader 
of the quantity being drawn off by the canals having 
their intakes immediately above the barrage. It is 
not unreasonable to assume therefore that the level 
of Low Nile would be lowered, and since the surface 
of the imperfect foundation aforesaid is but from 
4 ft. to 6 ft. below the present low-water level, it is 
perfectly obvious that if the were in full 
operation, the depth of water over the béton would 
be too small, even if the béton were not actually 
exposed, to-have the least influence in mitigating 
the destructive action of the water tumbling over 
the sluices. We have therefore a sluice in one piece 
about 18 ft. high, over or under which the waler 
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must necessarily fall or rush with the velocity due 
to the height, on to an apron of confessedly bad 
béton, faced with a thin skin of brick and stone, but 
entirely unprotected by anything in the nature of a 
water-cushion. To engineers who have had to deal 
with works of this class, nothing further need be 
said to insure the condemnation of the system of 
sluices supplied to, but fortunately not in operation 
at, the Rosetta barrage. Whether the water were 
allowed to topple over the closed sluices as a weir 
on to the rotten foundation some 20 ft. below, or 
by lifting the sluices a little it were permitted to 
rush underneath in immediate contact with the 
béton, the pommelling and tearing action would be 
alike destructive to the integrity of the founda- 
tion. 





to ascertain, the requisite number of measurements 
to establish a perfectly trustworthy formula a 
cable to the Nile have not yet been undertaken. 
Lombardini is of opinion* that the discharge in cubic 
metres per second @ is given with sufficient 
accuracy by the formula 
q=383 (a+1.10)* 

in which a is tke height of the water in metres above 
lowest level. 

The following Table gives the mean height of the 
water above theoretic Low Nile at the barrage, as 
shown on our diagram, and the corresponding dis- 
charge according to Lombardini’s formula for every 
five days throughout the period included between 
the years 1846 and 1861. 
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It is hardly possible to over estimate the latent 
powers of destruction inherent in large volumes of 
water travelling at a high velocity, and this impor- 
tant truth cannot be too strongly enforced upon 
students of hydraulic engineering. Mr. Hawkesley 
has often said that the filling of a new reservoir was 
to him a period of restless anxiety night and day 
until the integrity of the earthwork dam had been 
‘ demonstrated. How much more cause for anxiety 
would there be if the dam, instead of having 
to endure merely the static pressure of the water, 
were subject to the erosive and other destructive 
action of the same water in a state of motion. 
In the barrage we have to deal not only with large 
volumes of water in motion, but in motion at ex- 
tremely high velocities, and our works are fully 
exposed to the momentum of the same. To form 
a fair appreciation of the enormous forces with 
which we have to contend, and which the barrage 
works should be capable of successfully enduring 
for a long cycle of years, it is necessary to consider 
the conditions of the river in its normal state at 
different periods of the year, and the same as modified 
by the construction of the works. 


The first element the engineer would desire to 
know would be the height of the flood waters in 
different months during a sufficiently long series of 
years, “This is very easily supplied in the instance 
of the Nile, for the observations of the daily fluctua- 
tion in the level of the river have been for long ages 
past little less than a religious rite stemmed by a 
select staff of privileged observers, e give on the 
preceding page a diagram showing the mean level of 
the Nilethroughout the year as deduced from measure- 
ments taken daily between the years 1846 and 1861. 
On the same diagram are shown the exceptionally 
Low Nile of 1864 and the High Nile of 1869, 
which, though unusually high, was still some 18 in. 
below the rise in 1874. The latter diagrams fairly 
exhibit the extreme limits which may be expected 
in the variations of level on any given day of the 
year, and the limits are wide enough when it is re- 
membered that with a rise of 5.40 metres (17 ft. 
Yin.) famine is inevitable, that up to 6 metres 
(19 ft. 8 in.), the produce will still be considerably 
below the average, whilst with anything over 8 
metres (26 ft. 3 in.) famine again is imminent, ac- 
companied this time by pestilence. Since the pros- 
perity of Egypt is so intimately dependent upon a 
simple variation in the floods of the Nile, it is fortu- 
nate that the latter present no greater irregularity 
than our diagrams show. 


Having before us ample information as to the 
heights and duration of the floods which will pass 
over the barrage, we have now to ascertain the 
volume of water at different periods, for without 
this we can form but an imperfect estimate of the 
momentum of the floods, 

The discharge will obviously be a function of the 
height of the floods, but so far as we have been able 





The lowest Nile in any of the years included in 
the above Table was in 1859, when the water stood 
at .15 below zero on the gauge, the average lowest 
level of the 16 years being .40 metres above the 
same point, The highest Nile was in 1861, when 
7.80 was recorded, the corresponding discharge of 
which would be 10,177 cubic metres per second, 
Taking the average of the highest levels on any day 
of the 16 years, we obtain a height of 6.87 metres 
(22 ft. 6in.) and a discharge of 8617 cubic metres, 

We have already expressed our opinion that the 
discharge of Low Nile has until quite recently been 
habitually over estimated. In 1873 the minimum 
measured volume was 355 cubic metres, and at that 
time the water stood at .40 on the gauge. By 
Lombardini’s formula the discharge corresponding 
to the latter height is 710 cubic metres, or precisely 
double the actual volume. Again, in 1874, the 
minimum height was .27 metre and the disch 
397 cubic metres. It is obvious, therefore, that the 
Low Nile volume is over-stated in the preceding 
Table, and it is no less obvious that the height on 
the gauge at Low Nile is no measure of the disch 
This is no matter of surprise, as the Nile in com- 
mon with all other rivers having mobile beds and 
subject to heavy floods is, when the water is low, 
little more than a series of pools and rapids, the 
relative positions of which may change from year 
to year and so modify the local zero of the gauge, 

Although we do not consider Lombardini’s for- 

mula trustworthy when applied to Low Nile dis- 
charges, we believe it is quite so as regards High 
Nile. Linant Bey states} that the volume of water 
— down the river at Cairo has been found 
rom measurements made with care during three 
high Niles, and the discharge in 24 hours was found 
to be 705,588,389 cubic metres in one instance, 
817,333,778 in another, and 841,536,000 in a third. 
These quantities correspond respectively to 8166, 
9460, and 9740 cubic metres per second, which com- 
pare fairly with the 10,177, 10,042, 9722, and 9671 
cubic metres per second given by Lombardini’s for- 
mula for the four highest Niles recorded by him 
and the 8617 cubic metres given by the same for- 
mula as the average maximum discharge between 
1846 and 1861. 


NOTES FROM THE SOUTH-WEST. 
Milford Docks.—The half-yearly meeting of the Milford 
Docks Company was held on Sa’ y, Mr. E. J.‘Reed, M.P., 
presiding. The chairman said that the directors were en- 
gaged in negotiations of a very important nature with the 
reat Western Railway Company, who were prepared to 
make a handsome contribution provided their subscription 
would, when added to the funds already in the possession 
of the Dock Company, suffice to complete the docks. The 
directors were now in a position to fulfil that requirement. 
Mr. Reed added that the. Public Works Loan Commis- 
sioners and the Admiralty had shown an unaccountable 
reluctance to assist the operations in hand. The directors 
* Saggio idrologico sul Nilo. Milan, 1864. 
+ Travaux publiques en Egypte. Paris, 1872. 
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were concentrating their i 
works, and already the appli 
were numerous. e@ repo 
were adopted. 

_The Somersetshire Coal Trade—A somewhat serious 
i has arisen at Timsbury, in the Somersetshire coal- 
field. The Timsbury Colliery Company, not having such 
facilities in res; to railway accommodation as other 
collieries in the Somerset coalfield, whilst having 2000 tons 
of coal in stock, had forced on them the fact that a general 
reduction in prices and wages was likely, and gave notice 
of a reduction. This the men have refused to accept, and 
300 men and boys cousequently have ceased work, two pits 
being idle. 

Plymouth Great Western Docks Company.—This com- 
pany by the time it has carried out its contemplated 
a will have expended little short of another 


in the completion of the 
tions for accommodation 
and statement of accounts 


The Risca Collieries.—As the result of an interview 
with Mr. Adams of Newport, the men ones at the 
Risca Collieries have agreed to go to work, and allow the 
—-* of a pending dispute to stand 

ys. 

Coal-Cutting Machinery.—On Thursday a trial of Mr. 
W. J. Clapp’s improved machine for holing or cutting coal 
seams was made at the works of Messrs. Tangye Brothers 
and Steel, engineers, Newport. Several mining engineers 
and gentlemen were present, including Mr. Lionel Brough, 
Her Majesty’s inspector of mines for the south-western 
division of the kingdom ; Mr. Thomas Cadman, —— ° 
inspector ; Mr. Wilkinson, C.E., Mr. Llewellyn, Mr. ard, 
Mr. Lewis, Mr. T. Dyne Steel, and a number of others. 
The machine was fitted up temporarily, and steam = 
to it from a stationary vertical engine in the yard. A huge 
block of coal been procured from the Cwm-y-groes 
Colliery, Tillery seam, owned and worked by Messrs. Pp 
and Williams, the former tleman being the father of 
the inventor and patentee. The lump of was a curiosity 
in itself—it measured 6 ft. 2 in. in length, 3 ft.8in. in width, 
and 2 ft. 2in. in thickness. Its cubic measurement was 
49 ft. 9 in. (plus Seer: and its total weight was 1 ton 
13 ewt., an average of 74 lb. to the foot. The block of coal 
was fixed into a frame, and when the boring drills were 
brought to bear upon it they cut a section in the block about 
24 in. wide, and 3 ft. in depth, ina horizontal position, in 
six minutes. The operation of the drills was the point 
which attracted the most attention, and some hints were 
thrown out as to their most advantageous working and the 
reduction of the friction. For ordi mining it was con- 
sidered that Mr. Clapp’s machine is constructed on too 
large a scale to be of practical use in the general run of 
——o omy eo ing its actual Ti was 
deemed expedien a machine occupying a space 
would have to be constructed. 


The Tin Works.—A general meeting of delegates 
er puddlers in the tin works of Glamorganshire, 
was held at Swansea, on Saturday. Mr. P. Harris, agent 
of the National Association of Malleable Iron Workers in 
South Wales, was present. The meeting had been convened 
to consider what action should be taken with regard to the 
present dispute, as the puddlers and ballers are out on strike 
inst a reduction from 9s. 9d. to 9s. per ton for pud- 
. Mr. Harris advised the delegates to discuss the 
question in a calm and di ionate manner, and to take 
into consideration the present position of trade. In a 
ing speech, he advocated union amongst the men, and 
showed the evils of disorganisation. A resolution was 
carried that the puddlers jshould immediately resume 
work at the reduction of 9d. per ton, on the understandi 
that when trade revives the masters will advance their 
wages to that extent. The meeting also a resolution 
eaing their fellow workmen to join the National Associa- 
tion of Malleable Ironworkers. Another delegate meeting, re- 
resenting the mill departments of the Glamorganshire Tin 
Works, was also held at Swansea on Saturday. These men 
are out on strike opints a reduction of about 10 cent., | 
but it appeared the men at the Landore Works had com- 
menced work. After a long discussion it was resolved that 
the men should express their iness to resume work on a 
74 per cent. reduction, whichjwould be somewhat near what 
the puddlers had agreed to accept, but not to accept a 10 
per cent. reduction. 

The Great Eastern (8.8.).—A contract for supplying 
timber necessary to replace the old decks ‘of the 
Eastern steamship has been given to Messrs. Williams and 
Matthias, of Milford Haven. It is rumoured that other 
extensive repairs to the big ship will be immediately com- 
menced. 

Rhondda Mountain Colliery.— About three months 
since, a dispute occurred at the Rhondda Mountain Co 
Glynneath, about the cutting price of No. 2 seam. e 
employers contended that they were paying higher prices 
than any others working the same seams in the Rhondda 
and Glyncorwg Valleys. The workmen, on the other hand, 
argued that the circumstances of the several seams were 

uite different. They added that their coal having to go 

‘own one mile and a half over two or three long and steep 
inclined planes before it was weighed, a heavy loss was 
caused, and they demanded 2d. per ton for that loss, 
cause the weig' machine was at the bottom of the in- 
cline instead of at the top. The men were obliged to re- 
sume work at the employers’ terms, as the aie of 
them are non-unionists. After the award of the joint 
committee became -—7 at 7 inhi SS Pebenes, 
they were again reduced 7 per cent. ; they protested against 
it, but to no purpose, and they then gave notice on Feb- 


the 12th. The notices expired on evening, 
and the men have brought out thei tools ; but are 
entertained of having the dispute speedily settled. This is 
a non-associated colliery. 


over for a few 
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BOILER EXPLOSIONS IN 1875. 
Mr. E. B. Marrzn’s REPORT. 
{ge from page 202.) 

No. 30. (See Fig. 19, page ‘une 26th, none in- 

inch eee 10it 6in. a long, ~ me Sin. diameter, 

in. plates. pressure. 
ie strap Plate where it > ae the ‘ i atc joint. 

No. 31. (See Fig. 20). June 26th, 4 killed, B injured.— 
Marine. One of two, 12 ft. lo , by 9 ft. diameter, + in. 
plates, 80 Ib. pressure. The ety valve was out of order, 
and did not work freely, and over-pressure forced the 
—_ 7 its seat, tearing it through the line of rivet holes 
at the 

No. 32. July 1st, 3 killed, 1 injured.—Marine, 65 lb. 
pressure. The dome was blown off, being of inferior metal, 
and badly attached to the shell, gave way from over-pres- 
sure, the free action of the safety valve having been pre- 


vented. 

No. 33. (See Fig. 21). iy 5th, Wg —Lancashire. 
One of two, 28 ft. long, by 6 ft. 6 in. diameter. Tubes 
2 ft. 6 in. Set &- plate in shell, , in. in tubes, 15 

—— 54 1b. pressure. External corrosion had so re- 
ced the 9 sireng as to make it unable to bear the usual 
y Tih, 1 injured.—S: =e? boiler, cast iron, 
by ft. diameter, supplied with steam at 35 “Ib. 

pressure. he outlet became stopped, and the boiler 
sure thus coming on the pan, was more than it could 


and the boiler gave way, and the top was blown to a 
height of forty yards, demolishing a {wooden shed in its 
descent. 


No. 35. July 8th, none injured.—Multitubular, 65 Ib. 
pressure. It was torn to pieces by over pressure. 
No. 36. July 14th, none injured.—Lancashire, 35 Ib. 
ressure. Ruptured in the bottom, where much weakened 
= external corrosion 
"ae 37. (See Fig. 22). ‘oy a, : ane 5 injured.— 
Plain —e 37 ft. ong, b +. diameter, } in. 
plates, 30 cain. The flues Py the boiler were so 
pone he flame was carried too near the surface 
oT tate the water, causing such quick formation of steam bubbles, 
as to prevent the perfect contact of water ,with the iron. 
The plates thus became overheated, and were ruptured, as 


shown in the sketch. 
No. 38. (See Fig. 23). July 20th, 3 injured.—Vertical. 
Bone boiler, 9 ft. $3 in. high, by 6 ft. diameter, ¢ in. plates, 


and supplied with steam at 40 Ib: pressure from another 


boiler. The bottom being flat was too weak to bear the 
pressure, and rent off, allowing the top to be blown up- 


No. 39. ;? 28rd, 2 injwred.—Locomotive, 10ft. Gin. 
long, by 3 ft. 10 in. diameter, in. in. plates, 120 lb. pressure. 
Gave way at ordinary pressure, es been much weakened 


by internal corrosion or ‘‘ oe 

No. 40. July 28th, 3 killed, jured.—Plain cylinder, 
36 ft. long, by 5 ft. Sin. yoo ty in. plates, 56 1b. pres- 
sure. Gave way at the us pressure, having ’ ane 


pg by external corrosion, caused by lenhage from 


‘!No.41. July 30th, none injured.—Plain cylinder, 36 ft. 
long, by 5 ft. eter. Ruptured at two plates in the 
bottom, from douides by accumulation of deposit. 

No. 42. July 31st, 1 killed, 6 injwred.—Economiser or 
feed-water heater. Gave way from over-pressure, as the 


valve did not work freel 
se hg (See F: 24.) August 10th, 2 killed, 12 injured. 
lain cylinder, a long, by 5 ft. diameter, hi in. plates, 
nie pressure. The plates in the flue at the front pm be- 
came overheated from shortness of water, and caused 
regis, the first of plates being thrown some distance, 
the egg end wut further jem the roof and first 
pot” Jy al 250 yards distant. 

No. 44. (See Fig. 25.) August 18th, 1 killed, 10 in- 
jwred.—Plain cylin er. One of three, 38 ft. 6in. long, by 
5 ft. Bin. diameter, # in. plates, 48 lb. pressure. Gave way 
at a seam rip, where a patch had caused straining in the 
holes of an old plate. 

No. 45. August 25th, none injwred.—Tubulous, similar 
to No. 62. One tube over the fire ruptured, in consequence 
of overheati: 

No. 46. ie 2nd, none injured.—Plain cylinder, 
40 Ib. pressure. geaptared at & seam rip near a patch, the 

e boiler was torn into two pieces, one 
being blown to a * gnaderebl distance. 

No. 47. (See Fig. tember 3rd, none injured.— 
Cornish. One of ae sft long, by 6ft. diameter, vs in. 
plates. Tube 2 ft. diameter, #in. plates, 70lb. pres- 
sure. Gave wa "ot depos m | overheating of the plates, caused by 


ogee 
ith, 6 killed, 3 injured. Pe ie 
mM. 9 Beptenber 6 in. long, by 7 ft. > demeter, Ye in. plates, 
about ten years old, steam an lied from two 
lb. pressure. — flat, and the 
oles, for couvniaane of ere insufficiently 
guarded and qesked at the edges, and p weak te bear the 
Sing pewure cotta of of the material con- 
tantly falling as the boiler revolved. 

September 8th, none injured.—Two-flued fur- 
nase tele, 45 Ib. pressure. One flue collapsed from end to 
end, being too weak to bear the o gg 

No. 50. ee gy killed iser or feed- 

- One of the pipes burst in consequence of 

No. sL ‘(See Fig. 


27.) tember 22nd, 1 killed.— 
seaniaal, 5 8. 3 in. high, by 3 ft. 2 in. diameter, in’ 
and external annular 


flue. 





of Lancashire, ao ft, in. long, 


—V 11 ft. 


Py me 30 Ib a prewar i. psie. Smoke 
The tube 


high by 
+ aan not by lining. 
collapsed at the part whit snewed ti through steam space, 


from overheati 
No. 53. (See Fig. 28.) October ee 1 — linjured. 
a 3 in. ary 
Tubes 2 ft. 10 in. diameter. Ib. bw erasy The right- 
hand tube collapsed from end to end, od was shot Sewer, 
carrying the front end of the shell. The shell containing 
the other tube was thrown backwards about 60 yards. The 


— Son hened in any 
. 29.) October or 26th, 4 killed, 8 injured.— 
Balloon, on high, by 12 ft diameter, # in tes, 15 Ib. 
ressure. The boiler vk way by the dome-shaped bottom 
forced downw: until the crown plates a out, 
and the rent extended round the plates joining the bottom 
and top of the boiler, when the reaction of the i con- 
tents sent the top upwards, and its fall divided it into two 
any The boiler was worked at far[{too high a pressure, 
ut the immediate cause of the explosion was the giving 
way of one of the internal stays, and the sudden ee 
upon the others caused them to give way also, and the|n 
whole fabric was ruptured. 

ie 55. October 20th, 1 injured.—Ammonia still. One 
of two, 12 ft. high by 8 ft. diameter. All openings were by 
mistake left closed, and the pressure accumulated to more 
than the vessel could bear. 

No. 56. November 8th, 1 killed.—Still, 6 ft. high by 4 ft. | T 
diameter, ? in. plates. Ends flat, Ysin. thick, steam 
sup plied from of boilers at 40 Ib. Om 
a doors by which : e as ofthe — an Wbewe out, owing 

e way of one of the fastenings. 
0. BT. ye cl 8th, none -injured.—Vertical, 5 ft. 
ein “high, by '3 ft. 24 in. diameter, in. plates. Failed at 
the manhole, the ie ig extending through a 
~ “ * incrown of shell ich was blown off. 
November 9th, none injured.—Ammonia still, 
sate hig, by 8 by 9 ft. *e. ‘diameter. Shell # in. thick, ends 
bottom. There was no safety valve, and all 
Sete were closed, and the Fn me mag ruptured the bottom 
of the - through a line of rivets. 

No. 30.) November 13th, 1 killed.— 
Marine 1 lates. 6 in. ong, 7 ft. 6 in. diameter at front end, 
and 6 ft. Gin. diameter at end. The tubes collapsed 
from accumulation of salt. 

No. 60. (See Fig. 31.) November 18th, 1 killed, 5 in- 
jured.—Plain cylinder, 18 ft. 2 in. +. , by 3 ft. 8 in. 
diameter, ,‘: in. plates, 40 lb. pressure, 1 old. The 
front end gave way, _— reduced at the flange from 
external corrosion, ca‘ by dampness in the: brickwork 


seating. 
No. 61. (See Fig. 32.) November 20th 3, injured.—Plain 
oe, 17 ft. 9im long, by 2 ft.6 in. diameter, # in. oon 

he ends were defective and patched, the back one ga 
way, and the issuing steam forced the shell of the peller 
about 120 _— forwards. 

No. 62. (See Fig. 33.) November 24th, 2 killed. yg 
boiler. Each tube was 12 ft. long, by 84 in. diameter, 
thick, 150 lb. pressure, being es ly ed wit 
view to bear more than ordinary pressure. © tube rath 
way over the fire, either from a flaw, or injury by overheat- 
ing from shortness of water, or accumulation of scale, and 
= escaping hot water scalded two men who happened to 

be clearing a space behind the boiler, from which there was 
no ready escape 

No. | 30th, 1 killed.—A steam jug burst at 
a defect in the casting, caused by the core not being placed 
in the centre of the mould. 

No..64. (See Fig. 34.) December 16th, 2 killed.—Tube 
boiler, similar to No. 62. One tube ruptured in the w ad 
part of the boiler, having been overheated by the 
passing up the space where some other tubes had been = 4 
moved for 

No. 65. (See Fig. 35.) December 17th, 2 injured.— 
Plain cylinder, 6 ft. long, by 12 ft. 6 in. diam: » fin.ja 
plates, 40 lb. pressure. Gave way at a longitudinal seam 
in the bottom, where the plate was reduced to half its 


— thickness by in and corrosion. 
66. (See Fig. 36.) December 21st, 8 killed, 1 in- 
jured.—Cornish, 24 ft. ae oe SS. diameter, ys in. plates. 
Tube 2 ft. 6 in. diameter, 46 Ib. ey 15 years old. The 
tube collapsed’ me od ed jand forced the two ends 
out, which flew in opposite directions. It was torn in a 
pieces, and some thrown considerable distances. 

ends were ve pro Ae stayed, causing the angle irons to 


be much — and 
No. 67. Boo Fig. .) ” December 22nd, 2 killed.— 
Vertical, bg hy =e op diameter, # in. plates. Fired 
in’ s over » CB 
over-w ighting oul fastening of the safety valve. by 
No. 66. (See Fig. 38.) December 27th, 1 killed, 1 
injured.—Marine vertical, 8 ft. high, 


jw by 5 ft 2in, diameter, 
# in. plates, 65 Ib. pressure, 5 years ol 

so corroded inside and ont, that the boiler was unable to 
teow Cho euual weeking soeunaee. 





FLOODS AND ECONOMY J. WATER. 
t’ 
Seay eee kd a Peet ane 


even- 
, the 29th of Fe! Robert Stephenson, 
ing. bruary, Mr. George rs 


in the chair, a paper was read ‘On 
Se a ee = Ga 
; s ames > 


to the 


the number as well as ¢ the eenngeny bg 

were prevalent in parts - 

the whole of the a eee od toe 

and November. 
Sth of J 


_ 


~ 





, was the result of a 
and duration. The rain lasted on 


tubes were too weak to bear the usual pressure, not being | each 


of about 1 in. in 

ours, as for the 

ive a general idea of this this rainfall in 

and South Wales, a few stations were 

mentioned at which the depth exceeded 4in. Thus it was 
at Tintern Abbey, Monmouth, 5.91 in.; at 8 ine 

‘ in. ; 


N rt, 5.45 in. ; at Tynant Radyr, Glam 
o Cepeteny;: Cee AS Petes t Bly, ; 

5.02 in. The damage caused eo eeed ee eee 
The Avon and Frome overflowed th eir oe at Cinder- 
ford, Gloucester, a reservoir burst and flooded two or 
more mines ; at omenee u og ty - phe burst one senease 

|. were an e c¢ on the grea’ 

-of the Monmouthshire and Glamorganshire railways 
was ny when ted. 


From the 16th to the 18th 5 Bt, Fp rain fell in 
various parts of the east of England the Midland 


a but with no tional amounts, the 
spores ‘being near Louth, 1.98 in., and at Halifax, 1.18 in. 
districts visited b; ‘hens Sohen , however, pre- 
viously been nearly saturated by those of ‘the 14th to the 

16th, consequently the results were very serious, 
in Staffordshire and the adjoining counties. In fact, 
pen the Midlands much damage was done, and 
were inundated, including ing North vilconice Hunt- 

ingdon, St. Ives, Burton - on - Tren’ 

» Nuneaton, &c.; a canal ‘eons near Tamworth, 

mee p ilway traffic was stopped on several lines. 

Although during A t and tember several floods 
occurred, doing considerable | damage, they pean 
ore by the much larger and more 
0) ’ 
heavy fall of rain occurred over 


ber, and November. On October the 9th, @ a 
central England, es 
in the dry district extending north-east from Banbury to- 
wards Northampton. The depth of rain at Banbury, and 
at stations above it in the valley of the Cherwell, was 3 in. 
or upwards, consequently that river was excessively flooded, 
as was also the Avon, both at Stratford-on-Avoa and at 
the bec nine days there was occasional 
wi freee Pa / song eh to about - —— 
was sufficient He O) e harge 
flood. Much land was therefore under water, A. weaber 
the rivers of central England were fuller than usual on the 
18th of October, when another heavy fall of rain com- 
menced, which lasted through the 19th and part of the 
20th. During this time, upwards of 3 in. of rain fell over 
part of Staffordshire ; and at Exeter 3.26 in. descended in 
a few hours, which produced much local but no general 
damage. It was far otherwise in the + Mi tract, 
| ee eepor to dh rr 2i a: > eee — 
groun' sa or nearly so e low-lying 8 
were flooded, and the total area r water was probably 
greater than it had been since 1852. 
Some idea of the exceptional nature of the floods of 1875 
ht be gathered from the observations made on the height 
of the Avon, at Stratford-on-Avon. Since 1800 there 
been only ten floods ex the height of 4 ft. above the 
weir, and four of these were in 1875, in which year alone 
more than one flood had reached over 4 ft. Observations 
at Evesham, 16 miles lower down the river, gave nearly the 
same results, the slight eae being de to the 
tributaries which the Avon received between the two towns. 
The enormous tof d and loss caused by 
these floods, suggested forcibly the question, ‘‘ Can future 
floods be abated ?” either by em cting 
enn reservoirs, or lowering the water Tee, There was 
popular demand that the flood waters of the 
upper Thames should be stored, but probably those who 
urged this did not realise the enormous amount of water to 
be dealt with. The reservoir storage uate to prevent 
floods on this river would have to be at least 160,000,000,000 
ons, and owing to the Thames valley being singula: 


rly 
estitute of good natural sites for reservoirs, their construc- 
tion of ad 


sorte a probaly would cost re leash 1 ,000,0002. 
8 ; se e sugges- 
rb me atloragerorrded east meameneaniads 





solely asa 


that the health of the nation depended on 
the puri rhs water su) ply, and considering the multitude 
yomnt yee 


of uses water for manuf 
meine aoe , it seemed 
Piet thece wae in Eng no central body charged with 
the su ion and control of so importan It 
was beli that had a central t existed to receire 
information of the depth of the rainfalls, and with og 
telegraph the nee to local officers, having the 
sluices, &c., heir absolute vee much of the recent 
Th mig bare ality of water frequent, 
@ quan’ water were 80 ently 
: i. vagy wee ee ques- 
tion might not be out of p lace. The st importance, 


Butte extreme re eee oneal 
led chemists to set up a standard of on anes ae 
nesantin ofthe cc, for evry auras ol pore Geap 


well-water and — streams, had been 





some ground. one engaged source of 
mater suply looked oat fr Beeeeceres 
able cost ; wy tem poe Pimple os ogre more should 
SP Fa ps 
Missk' Gah other iaguedients. "is, wen kash tal ine 
hundred and ninety-nine parts must be of ideal purity for 

























































































222 =e ENGINEERING. [Marcu 17, 1876. 
Se other ape theta ip de-dramty syeaiety nal Ee cnapnaee TABULATED STATEMENT ‘OF THE NUMBER = CAPACITY OF THE Puanaces anD ROLLiIne MILES IN THE 
thing injurious. > NITED STATES. 

FURNACES. Mitts. 
FOREIGN AND COLONIAL NOTES, wor 
New York Canals —The sale of hes tpteaae State ~ Deets 
of New York is advocated by {various leading journals of Districts Totals. i i 3.8 aps 
that State, on the ground that they do not ms ; a .% 9 ga 
expense andar constant drison the Shs ten Srarze. = P 3 q z| ; 233 t labe 
Steam Boiler I: tion b? ir um, tha Belgian rs ’ ) ; : ; 
Association for the Taapectio vi team Boilers has just . . a2 2 i g28 b A cI a 4 a*e 
held its annual meetin See te ceotipte ot 1875 were 13431. g eas hee. + ip § 28 ORE a2" : 
perf epomeneinT — Bs as B33 4 a3 E 22 2yas ERED: 
The German Iron Trade.—Advices from Bochum state a? Zz a 2 | Bee | Seem | gate 
that a revival has been by no means yet established in that > 
district. The production of pig in the Bochum dintriet nat Maine... || sw . 1 5,700 |} 2 26 25,000 15,000 
ear did not differ materially New Hampshire " os ses 1 bet 6,000 ix 
ction in 1874, but the ay aeolioaes of forged and oad ected Vermont... ” 2 7,000 1 14 20,000 20,000 
iron fell off last year to the extent of 27 per cent. a ‘' . 6 25,250 oe 173 179,100 40,000 
The United States Navy.—The burg now survey- | Connectiont " 10 35,000 ; ls na P 
in the West Indies completed the survey of St. | New York 57 529,500 || 23 309 360 400 169,000 
omas. The new sloop-of-war Alert, now at the Wash- | New Jersey 18 183,600 16 172 141.300 15.000 
ington navy yard, is nearl completed ; she will probably Pennsylvania : : , s 
leave for oetolk i in a few days to join the North Atlantic Lehigh Valley 50 | 553,600 at 
squadron. The Tallapoosa is at Mde ag ‘og awaiting some} Schuylkill Valley .. 50 | 401,000 er ms se 
necessary repairs before putting to sea. The force employed Upper Susquehanna "Valley 26 | 217,000 cal al on ik 
= the beget a haga x, the Washington navy yard x mi 36 | 234,300 oe é- 
as been considerably redu sah Valley ... $2 | 316,000 | ... pe os 24 
Anglo-French Submarine Tunnel.—An international} Allegheny county ... --| 11 | 237,000 |... ve bie m 
commission cha with the task of examining the |pre-| Miscellaneous bituminous...| 35 | 228,000 ve ase sia se ii: wet 
liminary — f=: ting to the proposed submarine tunnel} Charcoal | 39 78,000 ss wes He oesa ese a ast 
between land and France, fas held ld a meeting during Total Pennsylvania wee eee 279 | 2,264,900 || 137 2153 1,624,500 684,500 
the last few days at Paris. The commission has come to | Delaware ws see | 8 34 30,000 avs 
an agreement upon all the points submitted for its examina- | Maryland 24 98,700 5 99 91,500 58,000 
tion, and as to the possibility of the enterprise. Virginia. 34 72,400 || 4 46 48,460 oat 
South ‘Australian Railways.—The estimates made in North Carolina... a 17,500 =— + ry 
respect to certain railways wn ertaken in South Australia | {ychema” i by |} 2 13 23,500 15,000 
a ae oy below Ar: Renae — _ 1 —_ }. 2 4 1,000 “se 
e session 0 onial Par ent a supplementa * ’ o a. y 
loan of 45,0001., was sanctioned on account of the Taeupels bh Virginia «.. 12 99,400 | 8 181 114,500 25,000 
Bay and Narracoorte Railway, and one of 55,0001. for a Fanein Rock 13 4 
line between Kadina and Port Wakefield. The Port Pirie] Wester Recion ie a co tow vs a 
and Gladstone Railwa ny also absorb a further sum of 63,800 oa my oe ase ose my 
37,0001 for ite compled wat "Total Kentucky ~ a 33 | 188,300 | 10 160 104,000 15,000 
A TP innnn § Floating Dock. .—An Imperial Purkis deste Ohio : “s - : . - peer — 
sanctioning the construction of a patent s Hanging Rock 49 | 267, eee , wd ro 
and naa ee establishment of a floating dock at Halki. Messrs. Mahoning Valley 22 280,000 he om ge ai 
C. 8. Hanson and Co. are interested in the undertaking. Miscellaneous 28 | 316,000 on 7 | he a fs pa 
Northern Pacific Railroad.—The Legislative Council of}, ,. Total Ohio ve ve 99 863,320 || 46 669 634,600 292,000 
the Territory of Montana has granted 3,500,000 dols. in | Indiana ... 9 71,500 10 129 100,600 71,000 
trade in oft of the etestenstion et the Northern Pacific Mision br jenpe | . 7 —_— 

i + t t b nm > 32,000 ? 

-1-y4 is grant was made by the council by a majority Wisconain ; 14 109°700 i nd 30'800 44800 
— = B onan | one ie a 
issouri ale ee y 6 68 94,000 50,000 
, 7 Kansas ... $09 a = ie 2 sad 45,000 45,000 
4 Ss 3 ¥ 
aeatets Sopa } eal 7) tee ae 
Mr. James M. SwANK, secretary of the Ameriean Iron | California ap Md ves ; I 5 25,000 15,000 
and Steel Association, has just issued a directory of the Oregon ... ee: 1 4,000 a mn rr “ 
iron works of the United States. This volume gives the 
name, location, ge date, ; quepristerest ip, &c., of Total 713 } 5,439,230 || 332 4475 4,189,760 1,940,300 
the furnaces, rolling mills, » orks, forgeries and | 


bloomeries in every State, and great care has been taken to 
insure on ne ape and pemesee: In this work Mr. 
Swank has been ably assisted by Mr rge W. Cope, and 
gentlemen are entitled to great credit for the manner 
in which they have carried out their difficult undertaking. 
We reproduce from this work the accom Tables, 
which give valuable information as to the location, number, 
and capacity of the various American iron and steel works : 


these 


Whole number of completed biast far- 
naces, January 1, 1876 713 
Annual capacity rel ‘all the furnaces, in 
net tons 5,439,230 
Whole number of rolling mills, Ja- ° 
uuary 1, 1876 . 332 
Whole number of puddling fur- 
naces, each double furnace counting 
as two si 4,475 
Total annual ty of all rolling 
mills in finis' iron, net tons . 4,189,760 
Annual capacity of all the rails mills 
in heavy rails, net tons 1,940,300 
Number of Bessemer steel. ‘works, 
yen 1, 1876 ve ll 
nal capacity in ingots, net tons .. 500,000 
Bessemer converters 24 
Number of T hearth steel works 
January 1 16 
Number of open hearth furnaces bd aaa 
Annual capacity in ingots, » ms ... : 
Number of crucible and othor steel 
works, January 1, 1876 we 39 
Annual capacity of merchantabie steel, 
tons 108,250 
Of which there are of crucible steel, in 
net tons wi 45,000 
Number of Catalan forges making 
Seqnne distet from thoese.danunry 1; 1, 
39 
Antal capacity in blooms and billets, see 
Number of bloomacies, Janmary 1, 1876, 
making blooms from pig iron 59 
Annual capacity in ion uet-tons... 60,000 
We have a wnt. a, list all mention of 
** projected” iron the probable com- 
pletion of which satisfactory ie aot ‘forthooming. 





TABULATED STATEMENT.OF THE NUMBER AND CAPACITY OF THE STEEL Works, CATALAN FoRGES, AND 


BLOOMERIES IN THE UNITED STATEs. 





STATES. 





Hew Hampshire 
Vermont ‘ 
Massachusetts 
Connecticut ... 
New York’ -s. 
New Jersey, ... 
Pomnpirania... ‘ 
Ma: 


Vi ko 
North Garolina 


West Virginia 
Kentucky «. 
Tennessee 


Total... 
























































ee 
Peoum val foe Set a men ~ Coen Catalan Forges.¢ || Bloomeries.t 
Ss. 33 _ is a. 3s. i. 3S. ae Ss. a. 
£| “ss B| OAs f| [4g || gg) OF f| Oo 
£8| g28 [28] act (Gel ase [48] ase 142! a 
za Bes e a Be Zi ie ZF 5° ae ol 
os a a 2 2,000. || <:. a 
~~ = 2 1,950 || |. ne o n 
| 1 a . 3 3,300 27 55,000 so 
oi i ' % | 18,300 1 1,200 4 | - 2,300 
5 6 20. | 85,000 || - ..: Se 39. | 42,000 
ve | $500,000. || x. | 45,000 1 800 || = 1 | 3,000 
wwe evn = “a ans as Z = 
= . CE EE Fe Bs: ps Fee 
= - telethon eal 3 350. || “i. | - 1,000 
i 3 re 3,100 || ... a a 
3 1 | 4 = 
1 J oe J | ow * 3 4,700 
12 | 500,000.|| 16 | 45,000 ||- 39 108,250 |}. 39 | 59,450 || 59 | 60,200 








© Aa, satis the comer have an annual capacity of Spe of crucible steel, 
his description. The “other” steel em 


enable us to indicate 
under this head is known as 
§. Male Seems dizent from the cS 


Bessemer 


loci ag he dag wot and 


Make 
steel works have 24 converters, oo aa op ba un 


but the returns do not 
braced 
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Tur Sunz Canan.—In the first ten da, 
i through the Suez Canal. 


collet ty the Son Canal Company 


revenue 


the same period 
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THE ANEROID: ITS CONSTRUCTION, 
PRINCIPLES, AND USES.—No. IV. 


An essential condition of the vacuum vase is that 
it should be impermeable to air. It is not abso. 
lutely necessary that the vacuum should be perfect, 
though certain inconveniences attend an imperfect 
vacuum, still the air remaining in the vase will only 
add its elastic resistance to that of the vase itself 
and its distending spring, subject, however, to great 
variations due to changes of temperature. There- 
fore the less air left enclosed the better. When the 
vase has been closed and the graduations of the 
dial made, should the outer air be able to penetrate 
into it, by leakage, the instrument would soon be 
rendered useless. Before the aneroid became an 
article of manufacture, science had taught thatmetals, 
especially when reduced to thin lamina, were porous 
to gases under pressure. In the case of the baro- 
meter, experience had proved that glass was im- 

netrable to air. Some of the first vases made by 

idi allowed the air to enter almost as fast as it 
was withdrawn, others more slowly, and some 
seemed to preserve the vacuum. He concluded that 
the porosity of sheet metal is not a general property 
of its whole extent, but is rather attributable to ac- 
cidental faults in and want of continuity of the 
material. Hence by proper care in rolling and work- 
ing the metal, thin vases can be made impervious 
to air. The metals found to be, most suitable are 
copper and German silver. It is stamped out of the 
sheet in circular discs having their edges turned up 
at right angles, to the depth of a quarter of an inc 
or less, according to the size required. Their surface 
is then corrugated in concentric rings by spinning 
them in a lathe under the action of a proper tool. 
Two axe soldered together at the rims which overlap, 
asmall hole fitted with a lead tube being made in 
the rim for the extraction of the air; and a brass 
socket is soldered to the centre of each disc. By 
one of these sockets the vase is to be fixed to the 
foundation plate, and by the other to the distend- 
ing spring or lever. The soldering is performed 
with a gas-heated soldering iron, the gas being led 
through the handle which is attached to a flexible 
tube connected with the supply. The gas is kept 
burning around the iron within or about two inches 
of its extremity, so as to keep it at the requisite 
degree of heat for melting the solder and effectually 
running it between and over the surfaces to be united. 
When a number of vases are fashioned they are left 
for three daysin a hot oven, in order that they may 
get thescaghly dry inside. Immediately they are 
taken out the vacuum is formed and sealed up. This 
is done by connecting each by means of a small 
piece of lead tubing to a very good air pump, solder- 
ing the connexions. A few strokes of the piston 
almost completely removes the air from the interior. 
When the pump gauge shows less than a quarter of 
an inch for the internal pressure, which is less than 

rioth part of the whole atmospheric pressure, the 
exhaustion is considered practically perfect. Several 
vases are commonly connected with the pump at 
the same time, and they are _ suspended in a small 
hot oven, in order to expand out as much as pos- 
sible any trace of moisture which may have been 
left inside or on the interior surface in the manipula- 
tions which it has undergone, and also to assist the 
pump by [rarefying the ait. By excessive pains 
almost perfect vacua may thus be produced. ‘The 
vases are hermetically sealed by nipping the tubes 
close up to the rims, so as to effectually close the 
orifices. ‘The connexions are then severed, and the 
closed tube of each vase is soldered over for secu- 
rity and finish. Much care is necessary to exclude 
every trace of moisture, because the effect of changes 
of heat in expanding and condensing any aqueous 
vapour left enclosed would give the instrument an 
abnormal action ; in fact, it would be rather a ther- 
mometer than a barometer. 

Another essential condition required in the vase is 
perfect elasticity. Yielding a certain extent to a 
given pressure, it must not yield more unless the 
pressure be increased, and it must take up the same 
position for the same pressure. Weakening of its 
resistance would produce in the indications given by 
the pointer alterations which if very appreciable 
would not be admissible. Nevertheless, this condi- 
tion is never perfect. When the vase is new it is 
the least perfect, but in the course of a few months 
it settles down and remains almost unchangeable 
afterwards. Hence'the vases for best aneroids are 
kept {ready made many months before they are used 
by the makers, 

It is evident that the thinner the diaphragms of 


the vase, the more easily will they be acted upon by" 
ee ree yc ne care pressure, and the more 
quickly will they give their indications ; but it is also 
evident that there must be a limit to the thinness in 
order to provide against the rending of the particles of 
the metal asunder or causing the metal to overreach 
the bounds of its elasticity when it will permanently 
stretch, and its atoms afrange themselves in a new 
order, The thickness found to answer with German 
silver is about yy in. 

The most convenient form for the vase is that of: 
a thin cylinder, the height not exceeding one-tenth 
of the diameter, so that when exhausted the discs: 
come nearly into contact at their centres, as shown’ 
in Fig. 8. The same vase is shown distended im 
Fig. 9. If the discs were planes held apart by a 














constant force, the varying pressure of the atmo- 
sphere would cause them to yield a little; but the 
grooves with which they are fashioned opening and 
closing almost insensibly, facilitate the yielding and 
increase the movement of the centre. Uther orms 
may be given to the vase. It has been made a deep 
cylinder with the round surface also corrugated. In 
this form each fold bends under pressure, and the 
effect is to shorten the cylinder; as the pressure is 
withdrawn it distends to its former length. This 
form has not been found to answer so well as the 
flat form. 

It is better to fasten the vase to the foundation 
plate by a nut cut in the brass socket at the centre 
of the vase, and a screw E, Fig. 8, inserted from 
behind the plate through a hole and into the nut, 
than to fix it by soldering. Especially so if a mer- 
curial thermometer be attached to the dial; for 
should it get broken any loose mercury in the interior 
when the instrument is in the horizontal position 
would be certain to soften the solder, the vase would 
by dragged from its fastening by the power of the 
spring, and the instrument rendered entirely useless. 
In the process of making the vase it is probable 
that occasionally a few bubbles of air are left en- 
tangledin the solder, By the varying motions of 
the vase, this air may be liberated and may enter 
the {vacuum. This may account for the peculiar 
behaviour noticed sometimes in new aneroids ; sud- 
denly changing their errors, and even becoming ra- 
dically wrong in their indications, especially as 
influenced by temperature. In such a case, a cure 
may be effected by readjusting the compensation for 
temperature ; but only the maker can do this, 

Loomis in his ‘‘ Treatise on Meteorology,” explains 
the action of the aneroid by ‘‘ the expansion of the 
enclosed air;” but in order to obtain the requisite 
limits of play in the vase it is distended by a strong 
spring. Notonly must the instrument exhibit the 
ordinary oscillations of atmospheric pressure, but 
the extent of the action of the vase must be suf- 
ficient for such a prolonged range of pressure as to 
enable the instrument to be used in mines, in bal- 
loons, and on mountains. ‘The elasticity of the 
spring like that of the vase is not absolutely con- 
stant, Since these elasticities act together, the want 
of stability of each affects the instrument in the 
same manner. Hence anefdids déteriorate in time, 
though slowly; especially is this noticeable when 
new, the tendency being always to indicate too high, 
proving a loss of resisting power, _ 

In the first article of this series it was shown that 
in a pocket aneroid, the top of the vase rises .0207 in, 
for a decrease of 18 in. in pressure, or grdoqth of an 
inch for .0] of pressure, or an elevation of 10 ft, 
{n the aneroid as made by Vidi it was zp355th. That 
such minute motions are not always perfectly ex- 
hibited on the dial, cannot be surprising when the 
flexure of the levers, the necessary play of the 
pivots in the holes, and the angular action of the 
plate links of the chain, with friction to be over- 
come, and the accidental presence of dirt or rust 
impeding motion, are taken into consideration. The 
mechanism required to transmit the reciprocating 
movements of the vase to the pointer, should admit 
of exact precision in the ted pieces, As pre- 





cision cannot be attained, the nature of the possible 
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faults should be understood. “These are of two op- 
posite kinds ; too much or too close locking of 


the in contact. In watchwork a certain extent 
of + sc edhede be left without disadvantage, because 
the teeth of the motive wheel! cotistantly keep up 
with the train, every wheel acting only in dne - 
tion. But the pointer of the aneroid does’ not ad- 
vance like the hand of a watch; it is ‘sometimes 
stationary, and its motion may be either ‘to right or. 
left, and is mostly very slow. Such reciprocatin, 
motion may be given by a rack and pinion; but 
the teeth of the rack are not exactl to those 
of the pinion, the rack will be able to oscillate 
slightly without ——. the pinion to move ; or, on 
the’ contrary, the rac naini wegen f the 
ome ae ‘and F sme might move a little at 

m slight shakes, and the indication would in either 
case be wanting in precision. The remedy for such 
defects is the spiral spring to control the pinion so 
as to keep its leaves always close up with the teeth 
of the rack, and thus destroy the effect of shake or 
looseness throughout the mechanism, ‘The spiral 
should not possess more tension than is requisite to 
insure the proper action of the pointer, because with 
long levers its reaction upon the vacuum Yase would 
be prejudicial, A much more serious inconvenience 
would be too much friction between the teeth and 
the leaves. The apparatus would then be obliged 
to acquire an extess of tension sufficient to over- 
come this friction before the indications became 
manifest, and both the’ forward and’ the backward 
movements would be sluggish. ' On account of these 
sources of im tion the rack and pinion have 
been but little used in connexion with the aneroid. 
The reciprocating linear motion of the vase is mul- 
tiplied by levers and converted into the reciprocat- 
ing circular motiomrequired for the pointer by means 
of the watch-chain coiled round the barrel and 
attached to the bent lever, sides Be the reaction of 
the spiral spring, as has been ly described, 

The aim should be to make the aneroid indifferent, 
as regards its indications, to the position in which it 
may be placed, either in a room, on shipboard, or 
travelling. To accomplish this it should be freed 
altogether from the effect of gravity ; that is, no part 
of the instrument should affect the indications simply 
by its weight. Now the weight of the levers may 
exert.a pull upon the chain, therefore they should 
be balanced on the shaft, Also the parts directly 
over the vase exert pressure from their weight, when 
the. instrument is upward. This compressing 
effect must be small compared. with the pressure 
exerted by the atmosphere; but, relatively to the 
variations to be observed it is, considerable. If the 
instrument be kept always with its face in the same 
position, the action of gravity being constantly the 
same, would not at all interfere with the exactitude 
of its indications. If it be placed face downward, 
the effect of gravity,on the b pares about the vase 
being reversed, the result would. be a less indication 
than the correct atmospheric pressure, The -possi- 
bility, of this con effect upon the indications, 
resulting from the weights of the mechanism being 
directed more or less towards or from the- vase, 
makes it desirable to apply a remedy. This is ob- 
tained in the best aneroids with more or less success 
by a counterpoise applied so as to balance the lever 
on its fulcrum, or the bar on the distending spring, 
considered with reference to their weight alone. 

Under conditions which bring about rapid changes 
of pressure, the aneroid does not always indicate 
correctly when it again returns to the normal 
pressure, This is considered to be chiefly owing to 
the chain. Thomas Cook obtained a patent for sub- 
stituting for the chain a tape-like of gold, 
platinum, or steel, reduced to such thinness as to 
wind freely round the barrel. It was thought thet 
such a metallic band would be free from the irre- 

arities to which the chain may be supposed liable 
rom stiffness between the links and connecting pins, 
and friction on the barrel from want of iene y 
arising from corrosion, by the oil applied for lubri- 
cation becoming thick or glutinous, also that the 
gold or platinum would be.very durable in damp 
climates where the chain.rusts, stiffens, end breaks, 
However it hag not been earried out practically to 
any extent, 
hen the instrument is finished the, pointer may 
not indicate the proper, yalue on the seale, In the 
first place it cannot always be fixed,upon the arbour 
to indicate so exactly“as desired; and in, the next 
place, it is almost. certain to deviate from its true 
place after a few weeks or months. It is, therefore, 





necessary to be able to adjust it without removi 
it, This is done by changing alightly the sonoma 
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the distending or resisting spring by means of a 
lifting screw. The way this is done with the distending 
spring has been explained in the second article of this 
series. With the ing spring the operation is 
effected by a screw applied to compress or relax it. 
The spring reposes upon the shoulder of a brass nut 
which is prevented from be sine, wy a slot in it 
locking on a stop or guide-pin. oulder on the 
screw Beneath rests upon, and its head enters a per- 
foration in the foundation plate, a coincident hole 
being formed in the back of the case to get at the 
screw head with a driver, with which.the screw may 
be turned so as to push the nut forward, and com- 
press the spring, or bring it back to relax it, within 
the requisite limits. A very slight move of the screw 
alters the tension of the spring, and moves the 
pointer ; so that it is necessary to move it both ways 
several times before the pointer indicates as required. 
While adjusting too much inward pressure should 
not be applied to the screw, as it would jerk the 
instrument. 

Most of the pocket aneroids are made without the 
adjusting screw. The base plate is fixed to the 
back of the case, which is e to revolve, and has 
a milled edge; by turning it slightly, the instrument 
can be shifted round with reference to the dial, so 
that the pointer can be adjusted to indicate correctly 
on the scale. ‘T'o prevent any accidental movement 
of the back, which should move with stiff friction, 
a small blue screw is inserted in the edge near the 
pendant to clamp it. It should be clamped very 
tightly. This screw owing to its smallness is rather 
@ nuisance to turn, and is liable to get lost, so that 
a better method of clamping is very desirable. 





NOTES ON TORPEDOES.—No. VI. 
Maruieson’s Improved Circuit-CLosER. 

Maruteson’s improved circuit-closer, patented Au- 
gust, 1873, is much superior in all its material points 
to his previous invention, being not only _ and 
cheaper, but more efficient and durable. The prin- 
- advantage claimed by the inventor in the spe- 

ifications for the oy is that of substituting for 
the vibrating steel rod a conical spiral spring of 
brass, thus obviating all chance of fracture from 
the jerk or sudden strain communicated to the rod 
or spring by the inertia of the weight, when the 
buoy enclosing the apparatus is struck by a vessel 
or other hard substance. 

The wooden jacket which is to receive the con- 
cussion of passing ships, is deserving of special 
commendation from the extreme neatness of its 
construction, In outward appearance it is similar to 
an inve cone, while it has the merit, not possessed 
by his earlier circuit-closer, of enclosing an air- 
-_ chamber for sup lying the requisite Sensuner. 
‘The hoisting ring, bolt heads, &c., are sunk below 
the surface of the wood top, leaving it entirely free 
from projections, such projections having been found 
in practice liable to damage the copper sheeting on 
the bottom of vessels passing over them in times of 
peace. A cast-iron cap, with mooring ring at- 
tached, is secured to the lower extremity of the 
wooden vessel, the cap serving to protect the elec- 
trical joint from injury, and the mooring ring act- 
ing a8 a substitute for the three-legged mooring 
chains, which are objectionable as mooring gear for 
light buoyant vessels submerged in tidal waters from 
the additional weight the vessel has to sustain, and 
also from the permanent kinks they take in. 

The annexed engravings ehow the a tus in 
detail. In these views Fig. 16 is a sectional eleva- 
tion of the buoyant vessel, with circuit-closer com- 
plete ; Fig 17 a plan of the bottom, and Fig. 18 a 
plan of the top. Fig. 19 is a sectional elevation 
of the electric m , the base of which is shown 
in _ at Fig. 20. 

© buoyant vessel illustrated by Fig. 16, and 
which we now proceed to describe, consists of an 
air-tight chamber, constructed of wrought iron, 12 
B. W.G., galvanised, its dimensious being as fol- 
lows: 20 in. diameter across the shoulders by 8 in. 
diameter of base, and 18 in. high, affording a net 
buoyancy of 66 lb. To the small end of the case is 
rivetted a guu-metal base, having in its centre a 
cylindrical opening of 4 in. diameter, screwed to re- 
ceive the gun-metal base of the circuit-closer works B. 
This case is enclosed in a wooden jacket G made of 
well-seasoned timber, dowelled together and bound 
at the bottom and shoulders with iron hoops 2 in. 
by 4 in., shrunk on and secured by means of coach 
screws. Sunk into the inner face of the wood top 
D is a triangular ae E, of wrought iron, 
the three arms of which project about 2 in. into the 


| 
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iacket, and are each secured to one extre- 

} in. wrought-iron bolts passing longi- 

y through the timber and projecting 1} in. 

at the bottom, to which projections the covering cap 
H with mooring ring is attached. 

The wood top is secured to the wrought-iron 
strap-piece by means of screws, and to the centre of 
the strap is rivetted the eyebolt of the hoisting ring 
F, The cap H has a small hole about 1} in. dia- 
meter cast in it, through which the end of the electric 
cable is passed previous to forming it into what is 
termed a turk’s-head; this is made by twisting 
round the cable, a short distance from its extremity, 
asuitable quantity of tarred hemp, and as the 
armour and hemp covering of the cable are stripped 
from the insulated core, it is turned neatly over the 
hemp packing and bound down with yarn or other 
suitable material ; the projecting ends of the wires 
are finally trimmed off to give to the whole a 
uniform appearance. 

A grip hook J is employed to grip the cable im- 
mediately below the turk’s-head, in order to avoid 


wooden 
mity of 
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any strain imparted to the cable being transmitted 
to the electrical joint connecting the cable with the 
instrument. The most common method of making 
this connexion is to first solder together the two ex- 
tremities of the copper wires, and then to insulate 
and render the joint water-tight by means of a 
covering of india-rubber tape and solution. 

The wood jacket is made about 4 in. thick at the 
shoulders, tapering to 2 in. thick at the base, while 
the wood dise forming the top is4in.deep. Before 


inserting the iron case, the jacket is well painted 


inside and out with thin red lead, for the purpose of 
filling up the pores and protecting the timber from 
the destructive action of the water. When the 
fitting together of the various parts is completed, 
the whole exterior of the vessel is usually painted 
pea green, but as the colour is purely a matter of 
taste, the purchasers or constructors may be left to 








follow their own judgment in this » the 


object being to approximate as nearly as possible 








the colour of the water in which the apparatus is in- 
tended to be moored. 

Fig. 17 is a plan of the cast-iron covering cap H, 
showing the ayy of the bolts GGG; while Fig. 18 
is a plan of the top, the position of the wrought-iron 
strap-piece being indicated by the dotted lines. 

The circuit-closing apparatus, illustrated by 
Fig. 19, is shown enlarged, in order that its mecha- 
nism may be more readily understood. A is the 
brass base of the circuit-closer works ; it is provided 
with a grooved flange for carrying a gutta-percha 
washer, and has also an hexagonal projection to 
facilitate the screwing of the instrument into the 
gun-metal mouth of the air-tight chamber. B is a 
brass dome enclosing the apparatus, which it not 
only protects from injury while lying in store, but 
serves by means of a gutta-percha washer—against 
which it is firmly screwed—to prevent the contact of 
the water with the apparatus shoulda leakage occur 
in the galvanised iron case. This is obviously an 
important consideration, it being evident that should 
the water ‘‘ make earth” at the instrument, the de- 
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struction of the mine would be inevitable, providing 
of course that the firing battery was in circuit at the 
time of the mishap. C is an ebonite collar to which 
are attached the brass contact springs I I I, regulated 
by the set screws J JJ. D is a brass spiral spring 
carrying a metal spindle E ; secured to the base of 
this spindle, but insulated from it by an ebonite 
boss, is the contact disc G. The contact disc and 
contact springs are each provided with platinum 
contact points, the distance between the contact 
— being regulated by means of the small screws 
JJ. To the upper extremity of the spindle is 
affixed a brass or weight, by means of which 
momentum is given to the mechanism when the 
vessel enclosing the apparatiis is struck by a passing 
ship; surrounding the weight is an india-rubber ring, 
intended to act as a buffer should the weight oscillate 
against the surrounding metal dome. K is an ebonite 
base plug traversed by two seven-strand cop 
wires, insulated to yy in. with india-rubber ; the plug 
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is forced against a gutta-percha washer by a brass 

mal screw plug L forthe purpose of render- 

ing the junction water-tight. e insulated wires 

passing through the ebonite plug serve to connect 

the interior apparatus with the cable leading from 

the shore or to the mine. N N is a portion of the 
-metal mouth of the air-tight chamber. 

A plan of the bottom of the apparatus is repre- 
sented by Fig. 20. A is an hexagonal projection on 
the -metal base, L a gun-metal screw plug, 
and K an ebonite base plug. 

In the description of the accompanying illustration 
it is stated that the collar cof the apparatus Gis. 19) 
is of ebonite, but this should only be the case 
when the instrument in question is to be employed 
as a circuit-breaker; when it is required to act 
simply as a circuit-closer a brass collar is substituted, 
in order that the contact springs II I may be in 
direct metallic connexion with the earth or water 

late, which in this as in the earlier inventions of 
Captain C. A. McEvoy and Professor Abel is formed 
by the galvanised iron case; this, of course, neces- 
sitates the use of only one of the insulated wires 
MM. 

The current set up by the action of the battery 
on shore, flows through the electric cable and in- 
sulated wire M’, to the metallic rim of the contact 
disc G, which it will be remembered is insulated 
from the surrounding metal by means of an ebonite 
boss ; the circuit is here broken by the small space 
intervening between the contact disc and contact 


The mechanical action of the apparatus is pre- 
cisely the same as in his F enti circuit-closer, 
namely, the momentum of the weight F, which by 
reason of its inertia tends—when the vessel enclosing 
it is thrown on an angle by the concussion of a pass- 
ing ship—to retain a vertical position, thereby 
causing the contact disc to oscillate repeatedly 
against the surrounding contact springs, closing the 
electrical circuit with each contact; the continuity 
of the contacts being governed by the force of the 
concussion. 

Previous to mooring the mines in position, each 
circuit-closer must be adjusted and tested electrically 
to ascertain if the contacts are , and the con- 
tact disc perfectly insulated from the spiral spring. 
They may be set to any degree of sensitiveness by 
means of the regulating screws J J J, but the usual 
method is to adjust them in such a manner that the 
contact disc just brushes the contact springs when 
the apparatus is placed in a horizontal position. 








THE NEW DANUBE WORKS AT 
VIENNA. 

Unver the sensational heading of ‘Failure of 
the Danube Works at Vienna—Great Floods,” &c., 
our contemporary, The Engineer, recently published a 
letter which very much astonished the professional 
world in Vienna when it reached that city. Our 
contemporary’s special correspondent must in fact 
be either quite wanting in the professional know- 
ledge necessary for those who write to an engineer- 
ing paper, or must have wilfully misrepresented 
facts in order to make up an interesting letter. At 
the date when the letter in question was despatched 
to London it was quite impossible for any one to 
say to what extent the new Danube works were in- 
jured, and whether they had failed or succeeded in 
preventing damages which, it must not be forgotten, 
they were never supposed to prevent entirely, The 
only facts then known were the following : 

1. That the level of the water in the main stream 
was about 2 ft. higher than it was during the great 
flood of 1871. 

2. That notwithstanding this great difference in 
the main stream, the water level in the Danube 
Canal, from which the town is in most immediate 
peril, was 3 ft. Jower than in 1871. 

3. That in consequence of this difference, the rich 
and populous Leopoldstadt, a district of Vienna 
containing 80,000 inhabitants, which was entirely 
under water in 1871, was completely dry, and traffic 
and trade were uninterrupted. 

Lastly, that if any conclusion could be drawn at 
all as long as the water covered miles and miles of 
field and meadow north and east of Vienna, it was, 
that the works erected since 187] had certainly 
saved the Leopoldstadt. 

Engineers at Vienva were still more surprised at 

g in the Times that the floods had covered the 
Central Cemetery and that the water had washed 
out the graves and ex d the co 1, of 


course, in consequence of the failure of the Danube 


works! 
f aay 70 ft. above the zero mate e Ferdin in 

ridge, and the greater | paener e lower town (in- 
cluding the whole second parts of the first and third, 
and the whole ninth district) is all less than 2] ft. 
above that level, no less than 6000 houses, contain- 
ing about 360,000 inhabitants, must have been com- 
pletely submerged if the Danube had ever reached 
the cemetery. The depth of water in the streets 
would have attained jiffy feet. The fact is that 
the damage done at the newly laid out cemetery was 
caused by the sudden and violent thaw after a se- 
vere and almost uninterrupted frost of three months’ 
duration, during which time large quantities of 
snow fell; the ground being towards the foot of a 
long slope, was e to the whole force of the 
numerous streams, which naturally descended from 
the ,hills above, and being newly made, was much 
torn up by them in some places. But the Danube 


Considering that the Te is at alevel 


had nothing whatever to do with the mischief, and 
the burials were interrupted for forty-eight hours 
only, not on account of the damage in the cemetery 
but because of the impassable state of the roads 
leading to it. Nor can this be wondered at, consi- 
dering that the actual net depth of snow lying 
round Vienna exceeded 15 in. on an average, and of 
course in exposed situations the drifts were enor- 
mous, 

As to the effect of the new works on the flood, it 
is difficult even yet to form a complete opinion, since 
the water, although about 4ft. lower than on the 
19th and 20th February, is still far above the 
average. But with the assistance of the annexed 
sketch it may be possible to give our readers a 
notion of the object to be attained by these works, 
and the course of the recent high water. At the 
m0 A in the course of the Danube (which flows 
rom west to east, and therefore from left to right), 
the branch of it falsely called the Danube Canal 
turns off to the south, and after intersecting the 
northern portion of the city, and skirting the south 
side of the Prater, joins the (old) main channel 
again at B, its course being about 10 English miles 
long. The main channel, hheweste, from A by C to 
B, as it existed before the works were commenced, 
was not only very tortuous and full of sudden twists 
and bends, but it was also extremely variable, the 
sand banks shifting from one freshet to the next in 





a manner perfectly puzzling to the most experienced 
pilots of the Danube Steam Navigation pany, 
and quite paralysing to any steady trade, An im- 














mense number of branches of all sizes, backwaters, 
and ponds were formed by the river ; these not only 
occupied an immense surface of valuable ground, but 
were very injurious during several months every 
ear, consisting as they did then of a series of ma- 
ious swam There was often no more than 4 ft. 
6 in. depth of water in the main channel, while there 
were plenty of holes 16 ft. and 20ft. deep. Now 
before the construction of railways Vienna was de- * 
— for a large quantity of its supplies of tim- 
r, fuel, and food on the Danube Canal, in which 
the boats unloaded between the city proper (stadt), 
and the Leopoldstadt. To prevent this canal from 
silting up, which it was constantly inclined to do, a 
number of spurs were constructed at the points A A 
to turn the current into it and keep up a constant 
scour. This answered the immediate purpose very 
well, but had two serious consequences. In the 
first place the main channel sijted up more than ever, 


AN 


and of course just below a a, where the river hap- 
ns to be very wide, the channel was nearly 


locked up. Secondly when the ice broke up 
violently—which hap nearly every year—and 
great masses floated down from the west, they na- 
turally followed the current into the Danube Canal, 
which was much too narrow to give them a clear 
passage. The consequence was that the ice fre- 
quently stopped altogether half-way down the 
canal ; the masses which followed it wedged the first 
block tighter and tighter, so that at last a complete 
barrier was formed right across; the water rose 
behind it, and flooded the Leopoldstadt and 
of the third and ninth district. In 1871 this hap- 
pened, and the water found its way from the Fer- 
dinand bridge at 4 to the Prater (which is also very 
low), and completely inundated it. 

The objects of the new Danube works were ma- 
nifold. It was proposed to dig out a new channel 
for the river through the sands and swamps from 
A to B in almost a straight line, stopping up all the 
backwaters and ponds by erecting a dyke or em- 
bankment all along on both sides: the one on the 
south being converted into a — for commercial 
purposes, and supplied with lines from all the 
railways. The channel was excavated 900 ft. wide ; 
E E on the north side, a strip 1200 ft. wide, F F 
was set apart as “ inundation ground,” that is, it 
was supposed and expected that the river would 
flood this strip pn fe ye. and the total width 
between the quay on the south and the bank on the 
north side was therefore 2100 ft, (Austrian), of 
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which, however, only 900 ft. + woe the navi- 
gable channel. At the point B the new channel 
crossed the old, and was to be continued to some 
distance eastward beyond the point shown in the 
sketch, What was to become of the old channel 
A CB was not distinctly decided; the backwaters 
and holes were however to be filled up as fast as 
ible with the material excavated, and it was 
oped that it would soon silt up. There was also a 
pan for making a winter harbour for the boats to 
ay upinat CD. Lastly, Baron Engerth designed 
a floating caisson or gate to close the entrance of 
the Danube Canal against the ice when required, 

Thus then it was intended— 

1. To improve the navigation of the river. 

2. To bring the main trade of the Danube near 
Vienna, and to avoid the necessity of shifting the 
cargoes from large boats to little ones. 

3. To get rid of the unwholesome swamps. 

4. To diminish the risk of floods by giving the 
water a fair channel and a chance of getting away. 

5. To gain a quantity of valuable property. 

6. To keep the ice out of the Danube Canal. 

But it was never for a moment expected by the 
ublic that the works would materially lower the 
evel of the main stream. Although the chief en- 

gineer of the works, Hofrath Wess, expressed a 
sanguine anticipation of reducing the level by 4 ft. 
ow in June last year, the new channel having 
been dredged out in a succession of large parallelo- 
grams, separated by narrow banks, to 11 ft. below 
zero, the bank at c was imprudently cut through at 
one point to admit of a scour which was to have 
assisted the contractors in their work. But the 
spurs at aa having been meanwhile removed at 
great expense and trouble, the whole stream forced 
its way through the weak bank, and rushed along 
the new channel, thus anticipating the completion of 
the works by several months. Fortunately the new 
bridges were finished, and the quay walls far above 
the summer water marks ; no great harm was there- 
fore done, although the excavations at the east end 
were not completed. The mistake, if one at all, 
was not to close the old channel as fast as possible 
after this accident. Instead of doing so, the bank 
at d was only seriously commenced late in the 
autumn, and being hurried on far too rapidly, was 
ill put together with frozen earth, and insufficiently 
ote gore by stone. When the thaw and very 
igh water came, the great mass of ice no longer 
went down the canal, for the spurs being removed 
allowed it to descend the main channel, but the in- 
sufficient stage of completion of the lower works 
near B stopped it there, and the water, instead of 
rising from the canal and flooding the Leopoldstadt 
from 6, rose from ¢ and slightly inundated the 
Prater, while the water in the canal, not having a 
free outlet at B, also rose and flooded some low- 
lying and very poor suburbs at G. The new 
caisson was not very successful; it was found im- 
possible to sink it without danger, the ice passed 
underneath, and its only effect was to keep the level 
of the water in the canal about 1 ft. 9 in. below that 
in the main stream—a material advantage, On the 
2th ult., however, the bank at d also gave way, aud 
the river poured through the gap into the old stream. 

It will thus be perceived that there is at present 
no failure of the new works. The high water has 
certainly seriously injured them, perhaps to the 
extent of 4 or 5 per cent. of the original estimate ; 
bat it is already pretty clear that had they been com- 
pleted it would not have injured them at all. What 
damage was done arose from the incomplete state 
of the works at B, and the hurried construction of 
the bank at d. But the effect of the flood in the 
twa has been extremely trifling, and the inhabitants 
«Vienna have certainly to thank the works for its 
being so small. Still less can it be alleged as is 
suggested, if not actually stated by our contem- 
porary, that the works have caxsed any damage. 
Oa the contrary, it may be distinctly stated that 
the flood while finding out some weak points in con- 
struction, has also shown that these works, when 
completed, will be of immense valve to the city, 
and the only distinct failure is that of the caisson, 
which, however, few, except its originator, expected 
to be a success. 





LONDON ASSOCIATION OF FoREMEN ENGINEERS AND 
DaavGuTsMEN.—At the sitting of this institution to take 
place on Saturday, April lst pm) at the Society of 
Arts, Mrs. H. Vansittart (daughter of the late Mr. Lowe) 

nano vere es sc Teens of the Secon 
Propeller, ibsequent Improvements thereon.”’ Mr. 
Joseph Newton, C.E., will and non-members are 


invited to attend and join in the discussion of the paper. 





THE GLACIARIUM. 

Exc.isumen have ever evinced a warm interest in the 
healthful and enjoyable exercise of skating, although, 
owing to the variableness of our climate, it is only occa- 
sionally that they have the opportunity of indulging in the 
pastime. To make up for the deficiencies of nature it has 
more than once been proposed to call in the aid of art to 
produce a sufficient surface of ice by artificial refrigeration, 
and so to render skating on real ice independent of the sea- 
sons, in fact to enable it to be practised all the year round. 
Until now this has, as far as we are aware, never been 
accomplished, although about two years since a compromise 
was effected by the introduction of wheel-skating on asphalte 
or cement rinks. A real ice rink, however, has now been 
made a possibility by Mr. John Gamgee, who has for some 
years past given his attention to the economical production 
of artificial cold. He has, he informs: us, succeeded in 
freezing a body of water and maintaining it in the condi- 
tion of ice at so low a cost as to render a real ice rink no 
longer prohibitory on the score of expense. This ice rink, 
which is the first of its kind, is situated at an establishment 
which is designated the Glaciarium, and which is situated 
at No. 879, King’s-road, Chelsea, and to which we recently 
paid a visit. 

Before describing the arrangements of the Glaciarium it 
may be interesting to notice the various propositions which 
have been made from time to time for producing skating 
surfaces of real ice, none of which, however, we believe 
were ever carried into effect, although about thirty years 
since a skating hall was opened in Grafton-street, Tottenham 
Court Road, the material used being a mixture of alum and 
hydrochloric acid, upon which ordinary skates were used. 
The first proposition appears to have emanated from Mr. A. 
W. Parker, of Bow, who in 1865, proposed to place a coil or 
series of refrigerating pipes in a shallow trough of water 
and by freezing the water toform a skating rink. The 
next proposition is of a more definite nature and was ad- 
vanced by Mr, H.. P. Gengembre, of Pittsburg, U.S., in 
1866. In this case the floor was to be formed of a series of 
béxes communicating with each other and with a refrigerat- 
ing machine. The floor was, in fact, a shallow trough 
filled with water which was to be converted into ice and 
maintained in a condition suitable for skating. In 1870 
Mr. M. J. Bujac, of New York, patented an arrangement for 
producing ice for skating on. He proposed a shallow trough 
for the water, in which pipes were to be laid through which 
gases or other freezing agents were to be conducted. His 
definite proposition was to have a circular skating floor, 
the ice being produced and maintained in proper condition 
by several of Carré’s freezing machines. In March, 1875, 
Messrs. F. N. Mackay and D, Rae obtained a patent for 
ice skating rinks which were to be constructed by having 
a floor of iron plates carried on iron girders, the spaces be- 
tween the plates, the girders, and their bed forming the 
conduits for the brine or refrigerating medium. The spaces, 
however, being of large area, diaphragms or deflectors were 
introduced to give the brine a zigzag course, In June, 
1875, Messrs. H. J. West and G. Du Vallon took out a 
patent for a similar object, which was effected in a similar 
manner. The rink was to be constructed with a shallow 
metallic trough for the water, supported on transverse iron 
girders which rested on a concrete floor. The spaces be- 
tween the girders and the floors were to be connected at the 
ends, and charged with briae or other uncongealable liquid 
in connexion with refrigerators operated by the evaporation 
of ether. The circulation of the brine was to be effected by 
pumping. In both these latter instances it will be seen 
that the proposition was to apply the cooling medium be- 
neath the floors instead of through the tubes placed in the 
body of the water itself, 

In designing the skating rink at Chelsea, Mr. Gamgee 
originally proposed to have a floor of iron plates carried on 
transverse girders of the same metal, which were laid on 
wood bedded on concrete, the refrigerating liquid flowing 
through the spaces thus formed. This was in 1874, but in 
practice Mr. Gamgee considerably modified this notion of 
laying a series of cast-iron pipes of rectangular section con- 
nected at the ends on a bed of concrete, and grouting 
them with cement. In the case of the Gla-iarium the 
concrete bed is 24 ft. long by 16 ft. wide, giving only 
a comparatively small rink of about 43 square yards 
area; but then it is an experimental rink. Around the 
concrete is a raised ledge forming a trough containing 
water to be congealed, which is about 2 in. deep, and which 
surrounds three sides of each of the pipes. In selecting the 
liquid for producing congelation, Mr. Gamgee discarded the 
use of brine for the reason that saline solutions act destruc- 
tively on metallic surfaces from galvanic and chemical 
causes. Besides, such media are themselves liable to con- 
gelation if exposed to too low a temperature, or if the circu- 
lation be sluggish, so that a fatal obstraction might be 
caused. He therefore uses as a cold transmitting liquid a 
mixture of glycerine and water, which remains uncongealed 
at a temperature below zero. This liquid is pumped up at 
starting from the refrigerator into a tank, the bottom of 
which is about 10 ft. above the level of the machinery 
house in which it is placed, and where itis kept at the re- 
quired temperature, From the tank the liquid flows by 
gravitation through about 55 ft. of pipe to the rink, and 
having passed through the tubes embedded in the ice, returns 
by gravitation to the refrigerator to be pumped gently up 





again into the tank. Before huwever the solution enters the 





main refrigerator it passes through a worm in.an. duxiliarv 
refrigerator, . w is supplied with ice-dust produced 
by the skaters on the rink, the dust being mixed with salt. 

The freezing apparatus is an ether machine, the ether 
being exhausted from the refrigerator, and forced into the 
condenser by an air pump driven by a steam engine. About 
four gallons of ether is the quantity stated by Mr. Gamgee 
to be in use, while he affirms that it requires but very in- 
frequent renewal, and then only in very small quantities. The 
refrigerator is a copper. box about 5 ft, square, fitted with a 
series of vertical tabes,.and placed in a wooden tank. ‘The gly. 
cerine mixture surrounds the copper box and passes through 
the tubes, the ether of course being inside.- The condenser 
is about the same size as the refrigerator and is similarly 
constructed, except that the tubes are placed horizontally 
and are double. The conden-ing water circulates through 
the inner tubes and outside the outer tubes, whilst the 
ether passes through the annular space between the two 
tubes, returning thence to the refrigerator. It will thus be 
seen that there are two circulating systems maintained, 
that of the glycerine eolution and that of the ether, both 
of which have worked uninterruptedly since ‘the ice. was 
first formed and the rink opened, which was on the 7th of 
January last. 

The rink is not a public one, but is open to private sub- 
scribers, who enter upon certain conditions. A number of 
noblemen and gentlemen have tested its skating qualities for 
the past two months, and many of these havesigned a docu- 
ment testifying to its complete success, the Marquis of 
Clanricarde heading the signatories. Up to the present time 
there has not been any breakdown, and the worst’ delay 
that could arise’ would probably be caused by the failure of 
the pump valves. These could be replaced in a few hours 
without fear of reducing the temperature of the glycerine 
solution, there being a large quantity of it. In fact, Mr. 
Gamgee states that he could hold out for 48 hours, during 
which time the solution could be kept. slowly circulating 
without its efficiency becoming seriously impaired. The 
slight wear on the surface of the ice produced by the skaters 
is repaired each evening by sprinkling the rink with water 
from a water pot, The rink is enclosed in a canvas build- 
ing, and a temperature of over 60 deg. Fahr. ‘has~ been at 
times reached in it without detriment to the ice.’ “The only 
drawback experienced has been from a saturated atmosphere 
with low barometric pressure, which causes an aqueous de- 
posit on the surface of the ice, which solidifies rather roughly. 
In other respects there is no drawback to the skater’s en- 
joyment, except, perhaps, limited space. As to the question 
whether the rink can be made to pay, Mr, Gamgee states 
that the charges for labour and coals, which are the chief 
items of cost, only amount to 12/. per week, and that that 
expense would not be increased with a very much larger 
rink. No thorough trial of the arrangement by indepen- 
dent engineers has, however, so far as we are aware, yet 
been made. 

We have said that the present rink is only experimental, 
but we must add that a larger one is in course of construc- 
tion, and is, in fact, nearly completed. This rink is enclosed 
in a permanent building fitted with galleries for spectators. 
The skating surface will measure 406 ft. by 24 ft., thus en- 
closing about 107 square-yards. -The rink is formed with 
a concrete foundation 6 in. thick, upon which is laid a 
bed of loose dry. earth 4in. thick. Upon this again is a 
6 in, layer of cowhair carrying a layer of 2 in. deal planks 
forming a level floor with raised edges and being covered 
with } in, of tarred cowhair. On this are laid the pipes 
which, instead of being rectangular and of iron, are of 
copper, of a flat oval section, 2} in. wide by ? in. deep, 
No. 16 gauge, and connected at the ends. By substituting 
copper for iron, and thus altering the sectional form, all 
chance of accident from unequal expansion is avvided. 
The ice will be about the same thickness as in the present 
rink, thatis2in. Mr. Gamg templates introducing 
several improvements in the details of the mechanical ar- 
rangement of the new rink which we hope to place before our 
readers. In the mean time, we can but congratulate Mr. 
Gamgee on having enabled skaters to enjoy their pastime on 
real ice at all seasons of the year. 








REGISTRATION OF TRADE Marxs.—The following is the 
text of the petition ted to the House of Commons by 
the Glasgow and West of Scotland Guardian Society for the 
Protection of Trade, and referred to in our article of last 
week. After the usual preamble the document sets forth, 
** That pens paianies consider it desirable that all classes 
having interest in trade marks should be protected, 
but they believe that under the old law there was sufficient 
provision made for the due preservation of the rights of 
— in thi . That your petitioners consider that 

he Act, although nominally permissive, is practically com- 

pobeny. and as such oppressive on all who wish to protect 

heir existing interest in trade marks. Your petitioners 

farther object to the Act in respect that all branches of 

trade are already abundantly embarrassed without being 

farther burdened with the and trouble which — 
ners 


with the rules of this Act involve. Your ere- 
fore pray that the rules made and i vty 
Chancellor may not continue in force, and that the 
itself may be .” We understand that the Lord 
Chancellor y complied with the request of the 
deputation which waited upon his lordship week, and 
that Mr. H. Reader Lack, the Registrar of Trade Marks, 
has been to Manchester to inquire into the 
alleged di i carrying out the Act. with regard to 
the trade-in cotton textiles. : 
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THE TRANS-CONTINENTAL HOTEL. 
WeE illustrate on page 232 the Trans-continental tem- 
rary hotel, just completed close to the grounds of the 

Centennial Exhibition at Philadelphia. It has been erected 
for the proprietor of the Centennial Hotel, of Philadelphia, 
from the designs of Mr. J. M. Wilson, of the firm of Wilson 
Brothers and Co., 410, Walnut-street, Philadelphia, and 
joint engineer and architect of the Centennial building. 
The hotel, which is built of brick, has a frontage of 300 ft. 
on Elm-avenue, and 181 ft. on Belmont-avenue. Itis in four 
stories, besides the Mansard roof, the height of the diffe- 
rent stories being 14 ft., 12 ft., 10 ft., and 8 ft. respectively. 
It contains about 560 rooms, and,is fitted up in the most 
perfect manner. The building is to be taken down in 
twelve months. 

Upon another page we have called attention to the ex- 
tremely low charges fixed by the various hotel-keepers at 
Philadelphia during the Exhibition season. It may be re- 
peated here that these charges include all accommodation 
and living expenses, unless it is stated that the hotel is 
carried on upon the European system, in which case the 
charges for rooms are very small. 








COAL AND MATERIALS ON RAILWAYS. 

THE publication of the statements of the half-yearly 
revenue and expenditure on railways enables an accurate 
opinion to be formed of the effect produced by the return to 
prices nearer the normal value of coal and of such materials 
as are affected by the price of iron. It may be interesting 
to quote the figures from the accounts of some of the 
representative companies, and though the full effect of the 
fall which succeeded the rise in coal and iron has been 
spread over several half-years, even in one there is marked 
proof of how much dividends depend upon cheap coal and 
iron. We may first take the Manchester, Sheffield, and 
Lincolnshire Railway ; and in the abstracts of expenditure 
it may be seen that compared with the corresponding period 
of 1874, the coke and coal used in the last six months of 
1875, cost 52997. less, although 78,832 miles more have 
been run. In the maintenance of way and works the 
materials used have cost 12,000/. less; and there are slight 


savings in the materials used for other departments, so that | tai 


directly there is in this company a reduction of 20,000/. from 
the reduced rates of 1874, evenin the face of an increased 
train mileage run. 

Another example may be found in the South Eastern 
Railway. On this company the primary effect of the fall 
in the price of coal and coke was that, in the last half-year 
of 1875, there was a saving of 8489/. as eompared with 
the corresponding period of the previous year—a saving in 
the face of a train mileage increased by 126,000 miles. In 
the maintenance of way and works, the sum of 19,4327. 
paid for materials was reduced by 4277/., so that with sub- 
sidiary reductions, there was spent also some 20,000/. less 
than in the corresponding half-year. In another similar 
southern company—the London, Brighton, and South Coast 
Railway—the lessened cost is marked though not in so high 
a degree. In the cost of coal and coke there is a reduction 
of 10,974/.—though the increased mileage is 169,000 miles 
—and the varying materials are reduced in cost by some 
60007. further. 

We may row take the North-Eastern; on which, in the 
item locomotive power, the cost of coal and coke was 
82,1602. less than in the corresponding half of 1874, and 
there is a saving in the item of materials in the main- 
tenance of way, works, &c. ; but the increased mileage main- 
tained prevents the latter reduction reaching above 1000/., 
and the increased extent of line and of repairs caused a 
larger sum to be spent in the item of materials for repairs 
and renewals, As another representative line we may 
select the Great Northern. It effects a saving of 7626/. on 
the cost of coal and coke—though its train mileage is half 
a million more for the half-year. It also saves 75492 in 
the cost of materials for main'enance of way, and in other 
departments there is a slight decrease. And we may lastly 
instance the Midland Railway, on which the coal and coke 
used cost 2%,279/. less than in the corresponding period, 
but there was a tolerably general increase in the cost of 
materials, or rather the sum paid for materials was more— 
—through increased quantities being used. 








PRODUCTION OF IRON AND STEEL IN 
THE DORTMUND DISTRICT. 

“Tue subjoined statistics, derived from official data,” 
the Westydlische Zeitung states, “‘show that the production 
of crude iron and castings in the most important iron works 
district of Germany has by no means declined in 1875, as 





























Castings | Wrought 
Crade ond and Natural | Oast Total 
Iron Smelt- Rolled Steel. Steel. | Steel 
> ing. fron. 
cwt. cwt. cewt, cwt. ewt. 
1872} 10,029,303 | 1,490,533 | 8,183,625 | 1,615,053 3,437,456|5,052,509 
1873} 10,836 696 | 1,808,866 | 8,689,277 | 1,157,933 14,313, 471,021 
1874) 9,391,582 | 1,722,896 | 8,454,~42 | 2,262,871 |4,664,355)6,927,226 
1876} 9,677,912 | 1,772,857 | 6,512,244 | 715,523 |6,002,16) 6,717,684 
} 





compared with the previous year, and that the decrease in 
the yield’ of wrought and rolled iron of 23 per cent. is com- 
pensated by the increase in the production of cast steel, 
mostly made by the Bessemer process, of 29 per cent. The 








iron and steel industry, like coal in the same district, 
suffered in 1875 of a depression. in price in consequence of 
over-production, as compared with the previous year, caused 
by the establishment of new Bessemer steel works. These 
new works, much exceeding the demand, are not only un- 
productive, but seem to have an injurious influence on the 
steel and iron industry.” 








HYDRAULIC CANAL LIFT AT ANDERTON. 

At the seventeenth ordinary meeting of the session of 
the Institution of Civil Engineers, held on Tuesday evening, 
the 21st of March, itr. Goons Robert Stephenson, Pre- 
sident, in the chair, the paper read was descriptive of ‘* The 
Hydraulic Canal Lift at Anderton, on the River Weaver,” 
by Mr. Sidengham Duer, B.Sc., Assoc. Inst. C.E. 

The object of this lift was to transfer floating be- 
tween the Trent and Mersey Canal and the River Weaver, 
and thus to afford an easy and expeditious means of com- 
munication between them, without the mse and delay 
hitherto incurred in rs goods. The idea of lifting 
the laden barges by hydraulic 2 originated with Mr. 
Edward Leader Williams, Jun , M. Inst, 6E, at that time 
engineer to the trustees of the Weaver Navigation. He 
consulted Mr. Edwin Clark, M. Inst. C.E., on the subject, 
and after various Soslgne had been considered, the 
ment of the details and the superintendence of the construc- 
tion were entrusted to the author. The canal and river 
were close together at Anderton, but the level of the water 
in the canal was 50 ft. 4 in. above that in the river. 

The water of the canal was conducted by a wrought-iron 
aqueduct 162 ft. 6in. long across an arm of the river to the 
end of the lift. This — was in three , of 30 ft., 
75ft., and 57 ft-6in. It was 34 ft. 4 in. wide, and a cen- 
tral web divided it into two channels, each 17 ft. 2 in. wide. 
This central web and the sides of the aqueduct were 8ft 
6 in. deep, and formed continuous girders, which carried 
the aqueduct and the water, 5 ft. 3in. deep, contained 
within it. The total weight of the aqueduct and the water 
was 1050 tons, or about 6 tons per lineal foot. Excepting 
at the end, where it rested on the masonry of a hoaa ante 
ing into the canal, the aqueduct was carried on cast-iron 
columns. 

The lift was double; each half consisted of a wrought- 
iron trough 75ft. long and 15 ft. 6 in. wide, capable of con- 

ining barges floating in water 5 ft. deep. The sides of the 
trough were 9 ft. 6 in. deep at the centre and 7 ft. 6 in. 
deep at the ends, and formed girders to carry the weight of 
the trough, water, and barges, which amounted to tons. 
This weight was transmitted from the sides to the head of a 
central ram 3 ft. in diameter, by cantilevers which radiated 
from the ram to the sides of the trough. The trough was 
thus supported and moved up and down by one central ver- 
tical ram, which worked in a press sunk within a cast-iron 
cylinder below the bed of the river. The pressure on the 
ram amounted to about 43 cwt. per square inch. The 
trough had a lifting gate at each end, for the ingress and 
egress of barges, and there were corresponding gates in the 
aqueduct, so that boats could pass between the aqueduct 
and the ne according as they were to be lowered or had 
been lifted. The press under one trough was connected by 
a pipe 5 in. in diameter with that under the other trough, 
and thus water contained in one could: pass freely into the 
other by an equilibrium valve in this pipe. re was 
also. a small .steam-engine continually pumping water 
into an accumulator, to assist in the working of the 
lift. Piping 4 in. in diameter passed from the ac- 
cumulator to each of the presses, and the accumulator 
could be opened to either of the presses as required. All 
the valves for working this apparatus were under the control 
< one man zs ° ae -. ae § top of the Soames 

n working , when one containing barges an 
water 5 ft. deep was at the top of ‘the lift, the other contain- 
ing barges and water 4 ft. 6 in. deep was in the river below. 
As the upper trough was heavier than the lower one, it fol- 
lowed that as soon as the valve on the 5-in. Pipe was opened, 
the upper — descended and lifted the lighter one ont of 
the river, until, by becoming in its turn immersed in the 
river below, it lost part of its gravitation, and forced the 
a trough to within 4 ft. 6 in. of the top of the lift. 
The valve on the 5-in. pipe was now closed, and the remain- 
ing water in the press upder the descending trough was 
allowed to run to waste into the aqueduct. The trough 
consequently descended into the river, and the barges it 
contained had been lowered from the canal to the river. 
While this was going on the accumulator was opened to 
the press of the ascending trough, and this h and 


barges were raised to within 6 in. of the top of the lift. 
The barges were lifted the ining 6in. letting this 
depth of water into the trough from the Yr uct, us & 
depth of 6 in. of water over the area of the trough taken 


from the upper level was sufficient to lower one trough 
from the canal to the river, and at the same time, with a 
little assistance from the accumulator, to lift the other from 
the river to the canal. Automatic syphons insured a h of 
4 ft. 6 in. of water in an ascending trough. The of the 
gates were kept water-tight with india-rubber, and thesame 
material was used for making a joint between the troughs 
and the end of the aqueduct. The time required to lower 
one trough and to lift the other was three minutes, and the 
whole operation of transferring barges from the canal to the 
river and others at the same time from the river to the 
canal was eight minutes. Ina chain of locks at Runcorn 
having the same fall a boat could only pass one way in one 
hour and a half. very small staff jwas required to work 
the a tus, and the total weekly expenses did not exceed 
101. In addition to the time saved by this lift, 

with a flight of locks having the same fall, it was stated 
that when the traffic was equal in ee 
of water over the area of the trough were used, of 
50 ft. on) j the locks. ‘ 

The lift was publicly opened by the trusteesin July, 1875, 
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WATER-TUBE BOILERS. 
m ree THE ee OF ENGINEERING. 
IR,—There are e, i 
myself who would be glad tau 
to the advan’ or disadvan’ 
over the us class of shell- boilers, and in this 
belief I venture to trouble you with this letter. There 
are —— so few at work, and so little ap- 
pears to have been written abont them, that it is pos- 
sible a great deal df unwort ce exists on what 
may be an important subject, therefore I should feel much 
obliged if some one who has had ience of them would 
give us, your readers, some useful information as to their 
wor' 


It appears to me that the advan’ of the system— 
sivas supposing that no great drawback has developed 
itself in practice which does not appear on paper—are so 
great for exportation to half-civilised countries (half-civilised 
at.all events as ouginonninn construction), both for 
reduction of freight, ease of transportin difficult country, and 
facilities of repair, that even if it were not quite so economical 
in steaming, still the balance would lie in its favour. In 


many countries the ——e of a boiler involves an enor- 
mous amount of time, trouble, and, to a profane engineer, 
swearing, so that I consider that information which 
might reduce all three, would be to many of your 
SaiGGRNT AMG Sclafied te tees & gaol sche af oer 
en y you, a sys of water- 

be boiler was not ineluded. 

One of the points that have struck me is this, that while 
some of Messrs. Howard's boilers have exploded with moro 
or less disastrous effects, the com owning the ‘‘ Root’’ 
patent claim not to have pir: ay" le th: how is 
this? Is the simple serew by which I believe Root fastens 
his cast-iron caps on to the tubes superior to the various 
joints which Messrs. Howard have so industriously de- 
signed; or are the Root tubes stronger and heavier in 
eee ere: ne nae 

in, in one of your leading es inves ng 
the cause of the explosion of a Howard boiler, poe en 
out the intense action of the fire on the bottom row of 
tubes as tending to fill them with steam instead of water ; 
are not all o; to the same objection, and why have no 
others exploded, or does the tion lie in the difference 
of the angle of setting, and is not Howard’s original patent 
with upright tubes more likely to overcome this objection ? 

Again, in the case of another explosion, it was found to 
be caused by the absence of one of the baffle plates whic! 
allowed the flame and heat to ascend at once to the upper 
steam tubes ; are all open to this objection, and is the baffle 
plate liable to be destroyed by the heat ? 

I gather that the boiler insurance companies lately made 
somewhat sweeping criticisms against Howard's boiler ; doe: 
this avply to all the systems and is it founded on good 
foundation or a mere denunciation ? 

There are numberless questions I should like to ask but 
will refrain from, as I fancy the above are enough to show 
in which direction I should like information. 

I have only mentioned the Howard and Root boilers, as 
practically these seem to be the only ones in the field, 
though I saw some years ago a design, I think in your 

aper, of what appeared to me a promising boiler by a Mr. 
att or Watts. 

Trusting this is not too long for insertion, that it may 
elicit some information, and, if ible, might I humbly 
suggest, an article from y ‘ 

I remain, Sir, yours eigee,’ * . 


P.S.—I had written the above before receiving your 
number of March the 3rd, in which appears the vin 
of Mr. Davies’ sectional boiler, and, t! ore, still forw: 
it in the hopes that you may be able to give results of ex- 
periments with other sectional boilers. 

[We shall shortly publish the results of some experi- 
ments on water-tube boilers, which will at least 1 
reply to the queries of our correspondent.—Ep. E. 


Tue Patent Bruu.—The Patent Bill went rapidly 
through committeeon Tuesday evening, when several amend- 
ments were to. It was ordered to be reprinted as 
amended, the report will be brought up on Monday 
next. Very little discussion took place as may be gathered 
from the fact that their lordshi two other Bills 
through committee, and were yet able to adjourn at twenty 
minutes to six o’clock. We hear that steps are mn 
oh ab cole aro sition Yo the Bil 
out the coun offer a vigorous opposition 
when it reaches the Commons. 


Tue MerropotiTaN Fire Bricapze.—On Tuesday 
Mr. Ritchie brought en a motion in the House of Com- 
mons, asking for a committee to inquire into the constitu- 
tion, efficiency, finance, and emoluments of the Metropo- 
litan Fire B le. Be seers shen tate Aatai i 
J. Hogg, as chai of the Metropolitan Board, contended 
that no inquiry was necessar z the beignte bans pectoctly 
efficient for all contingencies, but as the Board had nothing 
to conceal they had no objection to a select committee, 
— it Bye serve 


I the goo interest. pie some 
system and its officers, showed that the brigade was uiterly 
unequal to the possible demands on its : He, there- 
fore, in addition, that an should be 


into ferthet donee 








Li 





in 
polis. The select committee was then agree to. 
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We publish this week the detail drawings of the machi- 
nery of H.M. Screw Corvette Rover, the general arrangement 
of which we illustrated a fortnight ago. The Rover's 
engines are the first of their kind which bave been used in 
the Royal Navy, and have for this reason a somewhat special 
interest to marine engineers. They are compound surface- 
condensing engines with three cylinders—one high pressure 
and two low pressure—working with a boiler pressure of 
70 lb. per square inch. The double-page engraving in our 
issue of March 10th, with the figures on page 197 of the same 
number, show the general arrangement of the boilers, 
engines, and propeller in the vessel. Figs. 1, 2, and 3 in 
our double- engraving of to-day are respectively end 
elevation, , and side elevation (with the condenser re- 
moved) of the engines. Of the other engravings, Fig. 4 is 
a cross section through the forward air pump; Fig. 5 is a 
sectional plan of the low-pressure cylinder; Fig. 6 is a 
sectional elevation of the high-pressure cylinder ; and Fig. 7 
& plan of the high-pressure cylinder, with a section of the 





expansion valve. Next week we shall publish Figs. 8 and 9, 
which are respectively cross and longitudinal sections of one 
of the boilers, the demands on our space compelling us to 
omit these views from our present issue. 

A few words may suffice to describe the general arrange- 
ment of the machinery in the vessel. The boilers are 
arranged in two sets, six in the forward and four in the 
after boiler rooms, and all the connexions between the two 
compartments are made water-tight at the middle bulkhead. 
Each set of boilers has its own telescopic chimney. The 
main steam pipes are carried aft in two lines which unite in 
a T-piece just forward of the engine-room bulkhead, and 
pass thence direct to the high-pressure cylinder. The three 
cylinders are placed side by side (the high-pressure cylinder 
between the other two), at the port side of the vessel, each 
piston having two rods, and driving its own crank by return 
connecting rods in the usual manner. The surface con- 
densers are on the starboard side of the ship, and the two 
separate circulating pumps behind them. The starting 





platform and gear is placed in the centre, over the high- 
pressure crankshaft framing. In each boiler room there is 
a donkey engine, and in the engine room a third auxiliary 
engine arranged as a fire engine and bilge pump, &c. There 
is alsoa double hand-pump, which can be worked from the 
main engines in the engine room, while a separate horizon'‘al 
fire engine with a double-acting pump is placed in the 
engineer's store-room. 

The propeller is a two-bladed (lifting) Hirsch, 21 ft in 
diameter, and with a mean pitch which can be varied from 
24 ft. to 30 ft. The screw and lifting apparatus are 
made of gun-metal. 

Turning now to the engravings published to-day: the 
high-pressure cylinder is 72 in. in diameter and 4 ft. stroke. 
It is fitted with a compressed (Whitworth's) steel liner, the 
space between this and the main casting forming the jacket 
as usual. The ends are also steam-jacketted. The piston 
is provided with a 20-in. trunk at the back, which is 
enclosed in « casing bolted upon the cylinder cover, and 
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COMPOUND ENGINES OF H.M. SCREW CORVETTE ‘ROVER.’ 


(For Description, see Page 228.) 


| Fig 1. 
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works always upon an adjustable brass block; the latter 
thus takes the principal part of the weight of the piston, by 
which means it is hoped that excessive wear of the cylinder 
may be prevented. The main valve, a common double-ported 
one, is arranged upon the top of the ler (Fig. 6); a 
gridiron expansion valve is placed (see Fig. 7) at the side of 
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the main valve casing. Both valves work upon faces separate 
from the main casting, as do also the valves of the low- 
pressure cylinders. 
The low-pressure cylinders are each 88 in. in diameter 
fe bee high and low capacity being, 

therefore, very nearly 1:3. The general construction of 





“ROVER.” 


Fug »: @. 





the low-pressure cylinders is similar to that of the one just 
described. Their slide valves are, however, placed at the 
side of each cylinder (Fig. 5). The three cylinder castings 
are entirely unconnected, each one being bolted to its own 
of frames. The exhaust port of the high-pressure cy- 
tthe other by tro 18h-tas with — of jeg sig 
0! others by two copper pipes, from these 
those te an Ineemeliaie amie 
The three cranks are placed 120 deg. apart. The crank 
shaft is 18 in. in diameter, and is made in three con- 
cy its own 
eccentrics and reversing link of course, that for the high- 
pressure cylinder driving the main valve by a rocking lever 
(Fig. 1). All the links are worked from one weigh shaft, 
Lebearenne anne selene © Se ae The 
high-pressure valve is wo by a separate 
eccentric (Fig. 1), through a slotted lever which allows its 
stroke to be varied between such limits as alter the cut-off 
from 0.1 to 0.5 of the stroke. 


4750 
6 ft. 3h in. long and 2 in. external diameter ; 
vertical, and are packed with screwed glands top and bottom. 
The circulating water outside them, and is supplied 
by a pair of cen’ pumps worked by separate engines 
as shown in Figs. 1 and 2. The air pumys (Fig. 4) are 
horizontal and double-acting, and are placed under the low- 
pressure crosshead guides, being worked in the usual way 
from the low-pressure pistons. The hot-wells are placed 
at the fore and aft ends of the engine, and the feed and 
bilge pumps are bolted to them, bess J driven by an arm 
from the upper low-pressure piston rods, 

The starting and reversing , which seems 
wethedl veay sxgttally on Chatelel, to cate 
8. It is simply a vertical steam cy’ 
sary valve gear. The lower end of its piston rod is con- 
pected by a link (Fig. 1) with the reversing lever; the upper 
end of the same rod is formed as a very coarsely pitched 
screw. This is so proportioned that it does not move 
itself when steam is turned on, but is then so far 
that scarcely any effort is required at the handwheels (0 
which two are provided, as shown in Fig. 8, and connected 
with the rod with bevel gearing) in order to move the 
reversing links in either direction. 

Among the other fittings of the engines it may be men- 
tioned that both low-pressure cylinders have separate starting 
valves (Fig. 2). A double-beat regulator valve is placed 
on the main steam pipe, close to the expansion valve, and 
beside this a steam separator. There is also a throttle 
valve for use with a Silver’s governor. The condensers are 
so arranged that they can be converted into jet condensers 

ired. 


if . 
‘The type of boiler shown in Figs. 8 and 9 is too familiar 
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to need description. Each boiler is 11 ft. 10 in. diameter, 
and 9 ft. 6 in. long, and contains two furnaces 8 ft. 9 in. in 
diameter, and 228 brass tubes 3 in. in diameter. The total 
heating surface in the 10 boilers is 12,700 square feet, and 
the total grate surface 510 square feet. The boiler shells 
ara double-rivetted throughout, the longitudinal seams 
having double-rivetted butt joints, with double cover 
plates. There are no domes, and the ends are flanged all 
round, Each furnace is strengthened by two ring joints, 
as shown in Fig. 9. 

The Rover is a vessel of 2404 tons, and was built by the 
Thames Shipbuilding and Ironworks Company. The engines 
we have illustrated are rated as 800 nominal horse power, 
and were: specified to indicate 4750 horse power. The 
measured mile trial on the Maplia Sands took place on the 
18th of November last. The mean speed on the six full 
power runs was then 14.533 knots, the mean revolutions 
being 68.51, steam 68 Ib. to70 lb., vacuum 27$ inches. The 
mean indicated horse power on these runs was 2476.6 in 
the high-pressure cylinder, 1843.2 in the forward low- 
pressure cylinder, and 1148.7 in the after low-pressure 
cylinder, the total being thus 4963.5 indicated horse power. 
The mean speed on the four half-power runs was 11.714 
knots, with 54.26 revolutions, 66 lb. steam, 28 in. vacuum. 
The indicated horse power was 1240.0 in the high-pressure 
cylinder, 580.6 in the forward low-pressure cylinder, and 
501.7 in the after low-pressure cylinder, the total being 
23228. The propeller was set at a mean pitch of 24 ft. 
1lia. The engines were stopped from full speed ahead in 
9 seconds, were started at full speed astern in 6 seconds, 
and were reversed from full speed astern to full speed ahead 
in 8 seconds, 

We have already mentioned that the Rover’s engines are 
the first of their kind which have been used in the navy. 


The most striking feature about them is of course the kee 


use of two low-pressure cylinders instead of one. Whether 
this be an improvement or otherwise is a matter which 
admits of discussion, but about which it is difficult to form 
a definite opinion. The diameter of one cylinder equal in 
area to the two low-pressure cylinders of the Rover would 
be about 124.5 in. Cylinders of about this size were used 
long ago in the navy for pressures much greater than those at 
which the low-pressure cylinder of a compound engine works, 
and they have been used in the merchant service in com- 
pound engines. There are no doubt inconveniences attached 
to them which are not altogether imaginary, and we 
presume it is to get rid of these that the double has been 
substituted for the single cylinder. The additional com- 
plication certainly seems a dear price to pay for the actual 
gaia, unless the inconveniences are greater than we believe 
them to be. We believe that the Admiralty authorities 
stipulated that there should be two low-pressure cylinders 
in thiscase, At present, as will be seen from the particulars 
in the last paragraph, the two low-pressure cylinders only 
jive together as much power as the one high-pressure cylinder. 
The distribution of effort on the three cranks is therefore 
somewhat an-uniform. This might be improved by using 
earlier cuts-off in the low-pressure cylinders. This would of 
course decrease the work done by the middle cylinder, but 
it would certainly increase the efficiency of the engine, 
and therefore the indicated horse power for a given quantity 
of steam, “We have not seen’ the result of any fuel trials, 
but in this respect we should expect the engines to give 
good results. At full power the cut-off in the high-pressure 
cylintler takes place about half-stroke, so that under these 
circumstances there is about a six-fold total (apparent) ex- 
pansion, “This can, of course, be increased at the lower 
powers by the cut-off valve, The valve gear of return con- 
necting rod engines is unfortunately always cramped. We 
do not know if there was any special reason in this case for 
the form of link used, but it is certainly one which tends 
considerably 10 increase the frregularity of action due to 
the cause above mentioned. It seems a pity, also, that it 
hag not been possible to place the expansion valve on the 
back of the main slide, especially as the engine has such a 
high piston speed as 560 ft. ‘The difficulty is, of course, 
the carrying through of the ports in @ double-ported slide, 
which would no doubt necessitate a very awkward con- 
struction of valve. The trank at the back of each piston, 
with the’ adjustable block on which it* works, should be a 
a great improvement. The vacuum obtained during the 
trial seems to have been exceedingly good. This may be 
greatly owing to the use “of’ separate circulating pumps, 
whichi Could throw as much water as was required, for the 
amount of tube surface (9500 ft.) is very moderate for 
nearly 5600 indicated horse power. Altogether the engines 
of the Rover, cousidering their high boiler pressure and 
piston speed, should be among the most’ economical of all 
those in the Rofal Navy. ; 


BROADWELL oc. KRUPP. 
To Tue Eprror or ENGINEERING. 





Srr,—The correspondence between Mr. Krupp and my- 
self which you were kind enough.to publish terminated for 
the time in July last in a mutual to refér the 
question in dispute to the decision of di parties— 
in other’ te a court of arbitration. 


favourably to the claims of Mr. Krupp, then I will at once 
withdraw all pretensions, and tender to him @ public and 
ample apology.” . 

he same number of your journal contains a short note 
from Mr. Krupp, in which he says, ‘‘In order to obtain, 
therefore, an impartial judgment respecting the attacks 
made by Mr. Broadwell and yourself upon my claims to the 
original of my system of breechloading, and also on the 
loyalty of defence of my cause, I am determined to place 
the whole affair before competent persons who shall be re- 
quested to sift most searchingly the evidence on both sides, 
and arrive at a decision that shall place the whole affair on 
its proper and equitable base.” 

In your foot-note you very justly remark as follows: 
‘* Although Herr Krupp does not say so, we feel assured, 
after the expression of his desire to have the question in- 
vestigated, that he will allow Mr. Broadwell to be equally 
represented in the inquiry he proposes to institute, for 
otherwise it is needless to point out such an inquiry would 
be useless, as no persons, however competent, could possibly 
arrive at a fair conclusion without receiving and consider- 
ing the evidence brought forward on each side.’ 

The above quoted declaration of Mr. Krupp led me to 
believe that at last the dispute would soon be settled de- 
finitively, and in the only unexceptionable manner—by arbi- 
tration; but more than eight months having elapsed with- 
out any action, so far as I know, having been taken by Mr. 
Krupp toward carrying out his promise to institute such 
a searching investigation as would “place the whole affair 
on its proper and equitable base,” I think I am justified in 
beginning to entertain doubts as to his intention to do so 
at all. 


The last communication on this subject which has reached 
me is dated Essen, December 7, 1875, signed iy Elichhoff— 
Googe (two of the procuration representing Mr. Krupp) in 
which the following passage occurs : 

7 aes the other contents of your letter we must 
p silent because the question is iven to an arbitration 
society.”’ From this I infer that Mr. Krupp has ass=med 
the responsibility of appointing all the arbitrators and oi 
submitting the whole case for their consideration. 

It is hardly necessary to say that such an arrangement 
is in no proper sense an arbitration, and, therefore, not at 
all satisfactory to me ; nor would it satisfy the most obtuse 
sense of justice in any respect whatever. Iam convinced 
there can be no shadow of doubt about the justice of my 
claim, but I am willing to concede to Mr. Krupp an equally 
honest conviction to the contrary. Under such circumstances 
it is obvious that but one course remains to be pursued in 
order to arrive at an equitable decision, viz., that of arbi- 
tration. I hope Mr. Krupp will now recognise the justice 
and the necessity of this being done without further delay. 

Very respectfully yours, 
L. W. BRoaDWELL. 

Hietzing, near Vienna, March 8, 1876. 


THE ILLUMINATING POWER OF GAS. 
To THE EDITOR OF ENGINEERING. 

Srr,—With your ission I wish to make a few re- 
marks bearing upon the above subject as reported in a late 
number of yours. Since 1870 I have closely watched the 
intention of Mr. Sugg to substitute the public standards 
per weight and measure with abstract theories ; and will 
indicate the dilemma the London gas consumers having 
fallen into by allowing Dr. Letheby’s standard of 1874 to be 
changed. For in 1868, close upon the appointment of the 
public referees (whose appointment was intended to protect 
the public interest in a higher quality of gas), a burner is 
patented and receives the title of Sugg’s Standard London 
Argand, and adopted as a public standard. Shortly after 
this standard is settled in the referee’s room, the lecturer 
conceives another standard, which is the height of flame 
theory propounded in the lecture of 1870, and matured in 
the abstract instrument termed ‘‘ illuminating power meter”’ 
in the lecture of Feb , 1876. Of course the candles 
will be buried beside Mr. Letheby’s 15-hole standard, both 
of which formed the standard of 1864; and when this is 
completed the Government will have conceded for one man’s 
theory a valuable public standard. I shall now endeavour 
to indicate from the lecture of 1870, by the following ex- 
tracts, the course through which these theoretical standards 
have been conceived, and by their adoption prove the flimsy 
concessions made to the London consumers since the appoint- 
ment of the referees.* 

‘To ascertain at once by simple inspection the exact 
illuminating power of any gas to be examined by the aid of 
this instrument, it is only necessary to adjust the height of 
the flame to 7in., note the pressure required, consult the 
diagram, and read off the answer in sperm candles without 
any further calculation. Now you will naturally say, Yes, 
this is all very well, but by what proof can you substantiate 
your theory? Before answering this question, it is neces- 
sary to premise that this theory, like many others, was not 
thought out first and afterwards proved by experiments, 
but that, on the contrary, the theory was constructed upon 
the tabulated results of experiments conducted for another 
purpose. We might even say, if you will on the simile, 
that our object was to convert the indications of the Lowe’s 
jet into sperm candles and carcel lamps; but, like the Zulu 
Kaffer did in the case of a celebrated calculating hierarch 
of the Church of England, sent over for their benetit, Lowe’s 
jet conyerted us. Thus its correctness claims our assent to 
the fullest extent to which truth can be demonstrated by 
induction. “The duration test is said by some to have 
originated with.Dr. Tyfe, but this is not substantiated that 
we are aware of. The very idea, however, bears the stamp 
of a shrewd North Briton. It is still founded on the theory 
that the richest gas contains the nrost carbon, but we have 








* “ Photometry as 
of Coal Gases,” a 1 


plied to the Estimation of the Value 
ure delivered bef6re the Society of 





Arts, by Kirkham and Sugg, June 7, 1870. 





no mention of a chemical analysis to find how much carbon | i 


there is in it, but this shrewd practical question, How long 
will it burn? And so we have this theory altered thus: 
Issuing from'a constant orifice at a constant pressure, the 
richest gas will burn the longest time. This is, in fact, the 
true application of all photometrical tests, for to the con- 
sumers the advantage of an increase of illuminating power 
means, or should mean, a reduction of the quantity of gas 
required to light his house with the same amount of light 
he enjoyed before the alteration. Careful examination of 
the theory shows, however, a radical defect in it, which 
exercises a very important effect upon the test, as well as 
upon the commercial results. It is not practically true 
that richer gas issuing from a constant aperture at a con- 
stant pressure will burn lo than a poor gas.” 

Except for the interests of truth, it matters not to me 
whether Mr. Sugg or Mr. Tyfe introduced the duration test. 
This I do know, the 7 in. flame, or the height of flame theory 
as a standard, is a mere toy without the time required to 
consume one-tenth cubic feet. After six years’ constant 
practice with the height of flame on five Lowe’s jet photo- 
meters made and rated by the lecturer, I have found all of 
them out of truth compared with the following results ob- 
tained from a Letheby-Bunsen improved photometer, two of 
them not even reliable as acomparative test for the guidance 
of a working foreman, therefore useless and condemned. 

Standard photometers... ese 16.40 16.25 16.05 

Height of 7 in. flame from 

diagram value ove we 18.70 20.25 15.10 
These results are not the observations of a yh , but the 
average observatious of several years, as stated. 
The height of flame results given are not so bad, because a 
working foreman may (if the first indicates .530 pressure= 
17.70, the second .480 pressure=19.50, and the third .540 
pressure=16,.20) know that there has beenJa change in the 
quality. But there are atmospheric changes which interfere 
with the height of flame over which the observer has no 
control. Therefore I consider these things not worthy of 
notice as a standard, and any instrument based on their 
principle, so long as the lecturer is not in a position to state 
what carbon is contained in a given volume of gas, he cannot 
possibly limit the atmospheric oxygen uired, and to 
prove that this is done at a loss to the producer and con- 
sumer through the London standard, I submit the following 
tests on one volume of gas, with experiments made on one 
of the most improved instruments, with fixed balance and 
double candle-holder, the pressure of gas checked to the 

uantity indicated before it passed the experimental meter, 
therefore no surplus pressure on the burner. 


Dr. Letheby’s London Standard Argand of 1864. 
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The Present London Standard Argand of 1868. 
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course I might presume like the lecturer to manufacture 

standard burners for every place, assuming 23.18 grains 

of hydro-carbons as the basis of my standard ;, but I should 

require to know w it contained... For lack of this 

my standard, like tis dered useless. - 

Photomic Valuaigh ts. h 
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with success for a number of years, and one steamer has 
been working at sea as an ordinary merchant vsssel for five 
years. None of these vessels have given trouble or required 
more than ordinary repairs to machinery, while the boilers 
in all have been economical, and so far permanently sc. In 
the case of some of these river steamers, the boilers on our 
present design (similar to those of s.s. Propontis, but with 
proper connexions) were substituted for those on our old 
plan, when new boilers were required, the old ones having 


-| maintained their efficiency and economy for nearly ten 


in these vessels. The factithat after such experience with the 
former design this alteration of ment was adopted, 
is at least primd facie evidence that it was the better plan, 
for those interested in the matter were at least unlikely to 
use their experience to produce for and introduce into these 
vessels a less serviceable arrangement. 

Evenin the Propontis, with all the drawbacks, the economy 
has been undoubted, and I am quite justified in maintaining 
that that economy would in this instance also have been per- 
manently obtained had there been no errors in construction. 
The difficulties encountered with these boilers in that vessel 
have however all been traced to causes easily intelligible 
-when discovered. Even the corrosion which at first 
} fed ‘us, is clearly understood, and I hope, as 

and utility of this subject are general, 
fully into the 


. — 





why they are liable to the infliction of a notice from me, 
when they have just adopted improvements which were 
brought out by me a ‘ . ; 


—. 
: a 


DISC, Z-CRANK, AND OBLIQUE-CRANK 
ENGINES. 





To THE Eprror or ENGINEERING. 

S1r,—The guess-work correspondence that has recently 
es a your journal about these curiosities of —_ 
matic an eering ingenuity is very amusing. 
do not the authors of these oe come forward and p tl 
up the mystery, and also tell us of the indisputable (?) ad- 
vantages of their crotchets, and of the extent to which 
they have been practically introduced, the t success 
that has attended such introduction necessarily enriching 
the users, and of course the said authors? Or possibly 
these refined mechanical developments have appeared too 
soon, and before the engineering world has been educated 
up to the point of appreciating and utilising them. 

Ha: beside me (by the merest chance) a memordndum 
of dates in connexion with the subject, I give it for the 
benefit of those feeling roe f interest in it. 

Bishopp, who patented. the well-known disc engine in 
1845, obtained a patent in 1854 (No. 1466) for an arrange- 


is 
matter, wn the results of some investigations. | ment in which a four-armed cross equivalent to his disc 
; |, I thinkit right also to notice that the fact (which you | and acting in th ; 
experimenter ts photonistry, witese ning. and mind's eye a4 | sention) of S80 of the vertical tubes in these boilers having | spluerieal fointa to the rods of four eyliniers placed raralle 
a i on 4a on Ons Se atte — ‘been renewed at one time, is liable as it stands to convey | to the shaft, ,the rods being connected inside trunks by 
suc ety ii rage jv then thi “S . cake goo Ie ig | 2 erroneous idea. The truth is that it was not necessary | spherical joints to the pistons. 
ae 7 eS of neice bent? ; TP the antele j he | #*.2n7. time.to remove anything like that number of tubes. | “The Z-crank arrangement, which differed from Bishopp’s 
‘le eae coe + th Jona hae -e the sd t ing av to Bombay between 70 and 80 tubes, | in having the equivalent of the disc set directly on an 
their ee mays me gonicye him. sod we O* | princi: in the rows forming the sides of the furnaces, | oblique crank, formed or rigidly fixed on the shaft, was 
mamas soars deel Mim Sed tri | area argh Bit. is acon hevng bom are |i ai eS) : 

' the enamel. Tkaeeeh ie pabent. ‘ ; however, on the yoyage home. It was to be|” Mr. Siemens patented in 1856 (No. 1363) a modification 
beter Pe that the whole scheme and arti hte supposed. some tubes had been partly corroded before | of his regenerative steam engine having a mechanical ar- 
termallll eulaieeant’ is cones glass ae nak = pop sigma measures were adopted, and on the return | rangement between the cylinders and shaft, substantially 
limited ap incepberic oxdaenie By polai of vessel .thée superintending engineer for the owner | the same as Bishopp’s but with two cylinders. Mr. Siemens 

’ P proce. $40 alte tho qnality is Seages it or was advised, to renew the entire rows | also, in 1860 (No. 2074), patented a modification, in which 
loss to the pro nse ta the consimar' for if all | of tubes next the fires in all the boilers. | This he proposed | four eylinders were connected to « dise equivalent a8 in 

: : sane ah Se , tting is , \. 
eT Tee ie aoe tos lncomcee tha apace the Lonton | of the tubes must be perigetly sound. “I remonstrated at] Sill another plan was patented in 1965 (No. 2789), in 
consti aniiadensedl falne, which which the cylinder pistons were to levers, which . 
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the companies do notget-exedit for by-their standard); 
nevertheless the public, , eae te 
To Sum upfit is evident m Mr. Sugg’s ste tement ‘that 


the com 4 .die-standard of 
increased! ‘The burnérdlone has done all in this mi. ! 
The standatd of 1876 is 12-00% still the new burner 


turns ifinto 18.60, leavifig very little for the companics 
to do hit¢'to look and wonder for the time when the burner 

own gas. Inthe mean time I submit that the 
not:kéen equalled with all the blowing 


will rom bat En 
common 
about waste in 








the time against so. an expense, as all that was 

requisite to subject the Boilers to testing by pressure, 

= onder 10 aisover aay tiibes which “yA % gr rey 

y corrosion but had not given , and to replace these. 

taf was not | the first, Gil aeerer, on which my 

hh ee aled, and in the face of results I cannot 

but feel that such a course was not to the advantage of the 
owner. . ; 

Will you also allow me to correct a slight error of detail 
in. your remarks. descriptive of the design of the boilers? 
The diameter of the lower horizontal chambers is 21 in. or 
23 in. (I do not recollect which) instead of 3 ft. as given by 





old andprogressive increase in the new, you: 
making. Nene a ree ea cabie ail | 1 conclusion I think I am justified in saying, in full view 
Spey Réeluiatiite. the old one-ehich might of your concluding paragraph, that there is not one con- 
some ise a ‘which, the dition which is,essential to the successful production and 
a Leteack or better. still ase of 150 Ih. which is awan in our boiler, nor 
Gar none tatewing 8 em Hm ag e involved in construction or 
a Se nniite al both ‘working which is not in them strictly adhered to. The 
oye fo fhe, Re" | urate alent demon tho proc lce of 
actice is sufficien lemons e practi ue 0 
Aberehy put & stop tothe tick = ee 1e system and to counterbalance even such serious mis- 
will. be-able| fortunes as have <— — a 
am, Sir, yours fai ly; 
On thesmnost, amy am oe ' Pexp. Jno. RowaN. 
he hast burner for all| | 194, St. Vincent-street, Glasgow, March 21, 1876. 
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Carter Brothers in your issue of the 10th inst. I would 
rather have a little more substantial evidence than mere 
assertions from Messrs. Carter Brothers, which require to be 
proved.before they can be called facts. Not simply by 
seeing samples of work which are said to have been done 

@ certain machine, but to see the machine itself produce 
. I do not wonder at their considering my 
theory, as they call it, cl , as facts are always clumsy 
things to deal with, if one wishes to prove them false, but 
if they cannot quite comprehend my meaning, I will endea- 

make it a little plainer. 

It isa well-known fact that the disin' ting or reducing 
power of disi tors in general entirely depends upon the 
united blows.of the beaters which are driven at a high velo- 
city, and ‘ore the efficiency of the machine for general 

ba depends upon the force of the blows struck 

‘the beaters, or, in other words, the speed at which they 
driven. Now we will suppose the beaters are running 
from 12,000 ft. to 15,000 ft. per minute—that is to say, if 
the machine is running a little over 3000 revolutions per 
minutes-and the material to be ground or granulated is of 
brittle nature, does it not stand to reason that the first 


those 


is 


PO THE EXGtWeERING. blew fromthe beaters ing at such a velocity is sufficient 
Sir,—While ackn ver in of | to shatter portion of the material into the nest dust ? 
your tks on the steimer ti in your last week’s tiie being tho cane how ean the machine produce a uniform 
issue, I feel the interests of our patent boilers that part | and granular sample or fine powder free from grit, when 
of yout eee x #6 con ‘wrong impression to | the cs Prcererne see, eazoned pace i gh 
your coltimns : or bo Rothe yet, p Raat with p or grid Pome: onl othe y 
5 When’ Ba; 218), “* er diffict form ) be in gina ible to produce by any 
gap EEE Te Ss eee 
; ' ’ ; er vantage in the screen or gra’ 
ie than that which we have before'us,”’ I ye a upon <s Mears. Carter Brothers mee aaa Sor Ge 
wadeitand . , “evid ng me ti le pr phe 
before you” in the D ship. Still T be- soon W Reet Wor etore ist difference between 
lieve this in You wish'to eonvey, for I think them and those sometimes used by me? Although I de not 
you aré @ware always use sereens, but have various other contrivances 


steamer fitted with our boilers. Thee are four or five 


river steamers carrying these boilers, which have worked 








according to the nature of the material to be ica 
I am sorry for Messrs. Carter Brothers if they cannot see 


were themselves connected by inclined rods to an oblique 
in a manner avoiding spherical joints. 

In conclusion, there appeared some six or seven years 
ago, I think in ENGINEERING, but it might be some other 
periodical, the illustrated description of the application of 
the Z-crank arrangement for driving a centrifugal machine 
as carried out by a Swiss firm of engineers. 

EXAMINER. 


BRUCE’S ROLLING BRIDGE, 
To THE EDITOR OF ENGINEERING. 

Srr,—I regret having been unavoidably prevented from 
sooner calling attention to one remark in your, otherwise 
very fair, description of my roll bridge. You say that the 
same delay must occur with the roll bridge as with a swing 
bridge ‘‘to admit of passing vessels clearing the advancing 
platform.’’ This I believe to be a misconception for the 
following reasons : 

When a swing bridge is in position for the road traffic to 
pass over it, there is no passage whatever for shipping, 
which has, therefore, to wait until the bridge is reopened ; 
in other words, while it is serving the vehicles and foot- 





passengers the vessels are accumulating, and consequently 
they are longer in passing through the Exide when allowed 
to do so. On the other hand, t of the three 


greater 
minutes (which is my estimate for the eine’ and 
of the travelling platform from one side to the other) is not 
taken up in the transit of the platform, but by the wagons, 
&c., driving off and on to it at either shore: so, so far trom 
me | accumulation of shipping having to be avoided by the 
roll bridge, only about one-t of the passing vessels will, 
so to speak, have for it any existence. Even this third, 
however, will very slightly interfere with the working of 
the bridge, for all the steam navigation can, when the 
platform is moving from A to B, steer for an opening 
nearer A, and which it is obvious will be clear by the time 
the vessel arrives there. 

I trust that you will find room for this explanation in 
your columns. . Yours obediently, 

G. Barciay Brocs, Jun. 

64, Boundary-road, St. John’s Wood Park, March 21, 1876. 


THE WATER SUPPLY OF IQUIQUE. 
To THE EpiTorR OF ENGINEERING. 

S1r,—In your issue of the 10th inst. is a notice respect- 
ing the. supply of i wag anes me and with the view of 
correcting some of the statements made I may add that the 
price of coal has never rage pet me ton, the current price 
being 35s. bg pray wa disti Pong a Leap 
Areca, can at 14 cents per m, and no ia- 
tions have commenced with the Iquique and La Noria Rail- 
way, we having a good supply of water and intending to lay 
down pipes to our various stations. 

I am, Sir, your obedient servant, 
GzorGeE Busu, 
Chief Engineer, Iquique and La Noria Railway. 
March 22, 1876. 


Worxine Men’s Cotitecz.—The summer session of 
this college will commence on bei yen March 29, with 
a lecture at 8.30 p.m. (free to the pu lie) by Professor 
G. R. Seéley on “‘ Stein, and the ion of Prussia.’’ 
This college, which is situated at 45, Great Ormond-street, 
W.C., was founded in 1854 by the late Frederick D. 
Maurice, to give to the working men of the metropolis some 
of the advan’ college life ini The teaching 











is unpaid, is, according to the intentions of the 
founder, largely carried on by members of the older 


universities. 
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NOTICE OF MEETING. 

THE INSTITUTION OF CrviL ENGINEERS.—Tuesday, March 28, 
at 8 pm. 1, “Sewage Interception Systems, or Sewage 
Processes,” by G. R. Redgrave, Aesoc. Inst.C.E. 2. ‘The Treat- 
ment of Sewage by Precipitation,” by Wm, Shelford, M. Inst. C.E. 
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THE FACTORY ACTS. 

For some twenty years past the condition of our 
factory operatives has been the subject of legisla- 
tion. As a rule the nation at large objects to what 
is called ‘‘ paternal government,” as we generally 
consider ourselves capable of managing our public 
and private affairs without the dictation of Go- 
vernmental interference. In several instances, how- 
ever, it has been necessary to control private action 
by public law, and educational, factory, and sanitary 
matters have given rise to special legal enactments. 

The recently issued report of the Factory and 
Workshops Act Commission affects in many re- 
pects all those branches of industry in which our 
operatives of all classes are engaged. It was ap- 
pointed last year for the purpose of inquiring into 
the operation of the Factory and Workshops Acts, 
which to some extent are equalled in number by 
their general inefficiency. Consequently the object 
of the Commission was to attempt a consolidation 
of past Acts. For this mye about 700 witnesses 
were examined. Practically they left the Act of 
1874 untouched in respect to the hours of work 
and ages of employment of persons protected under 
that Act. In this respect the Commissioners seem 
to have exercised a wise discretion, as they have 
thus far ‘avoided opening the unpleasant question 
of the rights of labourers and employers respec- 
tively, or, in other words, the power of production 
and the price of labour corresponding thereto. 

It appears that the “ Workshop Regulation Act” 
has become a subject of difficulty, chiefly through 
2 Pens of bs — Hence have arisen so 

y uncertainties that the Government inspectors 
find themselves in hesitation how to act. The 


number of the statutes affecting these interests so 
far as they touch the employment of women and 
children in all of employment seem to defy 
practical definition in respect to legal action. The 
classification of occupations involves great diffi- 
culties, running as it does from cotton-spinning to 
chimney-sweeping. In fact, this form of ya ye 
government” greatly reminds us of the duties of 
paterfamilias, who, having a large progeny, has to 
adopt his own special views of treatment in educa- 
tion, restraint, &c., to the separate idiosyncracies of 
his sons and daughters dependent on their moral, 
mental, and other peculiarities. 

To meet all these difficulties the Commissioners 
recommend, first, a consolidation of the Factory 
Acts passed from 1833 to 1874 inclusive, and that 
the Workshop Acts of 1867 to 1871 should be con- 
solidated in a single Act, amended so that work- 
shops should be construed as “ factories,” giving a 
limitation in defining a workshop to places where 
handicraft is carried on in respect to children, young 
persons, and women. ‘The Commissioners also pro- 
pose that the term “ factory” should be extended to 
places where work is carried on in the open air, 
which, of course, would greatly affect bleach an 
dye works, and other places where washing, 
cleaning, &c., is carried on. Some exceptions are 
proposed in respect to mining, agricultural opera- 
tions, &c, 

In respect to the limitation of the hours of labour, 
it is proposed that the limits should be in all fac- 
tories 6 A.M. to 6 P.M., 64 A.M. to 6} P.M. or 7.A.M to 
7 P.M. all the year round. Of the twelve hours thus 
enjoined two hours should be reserved for meals in 
factories, and an hour and a half in workshops. In 
respect to constant work it is proposed that four 
hours and a half in factories, and five hours in a 
workshop, should constitute a “spell.” Exceptions 
are recommended in regard to these rules in respect 
to certain trades in which light labour is only neces- 

Other relaxations are recommended in respect 
to overtime in the case of fish-curing, fruit pre- 
serving, and numerous other trades subject to 
natural fluctuations-in regard to weather or influx 
of orders incidental to special trades, A variety of 
minute provisions are recommended to meet still 
more special cases, which in our opinion would pro- 
bably lead to an amount of litigation in the is- 
trates’ and superior courts, that would be all but 
endless. 

In respect to the present laws touching education, 
it is recommended that the attendance of all children, 
whether at work or not, should be enforced by law. 
The school age should be from five to thirteen, but 
certain modifications are mae in a to the 
daily time of attendance, whether of half time or 
otherwise. The most important proposal is, that 
no child under fourteen years of age shall be allowed 
to work in any trade unless it has made some 500 
attendances at school during the preceding three 
years, and shall have passed a standard suitable to 
the age. Provisions are mentioned in respect to 
sanitary matters, prohibitions against children un- 
dertaking certain kind of work unsuited to their 


age, penalties, &c. 
Teking 


the report in its entirety, with the perusal | Onl. 


of the evidence on which it is based, it is evident 
that the Commission have been most painstaking in 
their inquiry. But the elaboration of the evidence 
and the conclusions, indicate an impossibility to carry 
out the recommendations that have been arrived at. 
In a scientific point of view these are excellent, 
while practically they are all but ridiculous, simply 
because they never can be carried out so long as the 
laws of supply and demand regulate the employ- 
ment of an operative. We are hearty advocates for 
the judicious protection of women, young persons, 
and children, who are unable to take care of them- 
selves, but the recommendations of the Commis- 
sioners go so far as almost to suggest that they have 
stopped little short of forming a scheme for the 
Governmental interference in the internal manage- 
ment of the household of every family, the members 
of which are compelled by the law of necessity’ to 
get an honest living by daily labour. This seems to 
us not only a step too far, but a direct interference 
with the rights of workmen and their employers, 
which the country at large can never agree to. 





SUBMARINE CABLES AND INTER- 

ois nan ge mew gag ne 
ownership of on land is na 
difficult qnaation ovek ie on. elaborate legal ma- 
chinery, but the question of ownership at the 





bottom of the sea must some day arise to puzzle our 





most,acute international lawyers. Millions of pounds’ 
worth of valuable property now lies at the bottom 
of the sea in the form of submarine cables, and 
stands in the names of various joint-stock com- 
panies, and of our own and foreign governments, 
As long as cables live and die a natural death, or 
are peaceably Fone up by the representatives of 
those who paid for them, no legal questions arise. 
But cases have occurred where cables have been cut 
by fishermen to clear their nets, and by ships to 
clear their anchors, and even in one instance da- 
maged by a ship dredging for one cable and hookin 

another. The fishermen have generally got o 

through not being detected, as they have generally 
operated far from land. Ships that have hooked 
cables with anchors have been known to hang on to 
a shore end -for six tides, and defy those sent to 
them to ask them to let go, and if the fishermen 
could be detected, it is doubtful if they could be 
made liable. Cables have been damaged by ships 
breaking through them close to land in broad day- 
light, On January 5, 1858, the Dover and Calais and 
Dover and Ostend cables were both broken close to 
the South Foreland by a sailing ship that drove 
from the Downs. Since then the North Sea cables 
have often been broken by anchors, and under 
certain circumstances a few ships have had actions 
brought against them—we believe only when they 
have broken cables within the jurisdiction of the 
Crown. This it appears extends to three miles 
from the coast. Thus the secretary of the Com- 
missioners of Woods and Forests, when writing to 
the Lords of the Treasury in 1858, after stating 
that the shores of the sea between high and low 
water belong to the Crown except where by grant 
or u they may belong to subjects, goes on to 
state that ‘‘ With respect to the bed of the sea from 
low-water mark, I apprehend the Crown title is in- 
disputable, and that it cannot lawfully be perma- 
nently occupied by a subject without license from 
the Crown. As an illustration of the Crown’s right 


to the bed of the sea, I beg leave to enclose’ a copy * 


of the Cornwall Submarine Mines Act of last session 
which declares that as between the Crown and 
the Duchy of Cornwall, mines between high and 
low-water marks belong to the Duchy, but that 
mines below low-water mark belong to Her Majesty 
‘as part of the soil and territorial possessions of the 
Crown,” and by the 42nd section of the Atlantic 
Telegraph Act, 1857, it is provided that it shall not 
be lawful for the ew scer 4 to execute any works 
whatsoever on the bed or shore of the sea, or of any 
navigable river so far as the tide flows, without con- 
oyna of one of the Commissioners of 


So far, then, it seems clear Government claim 
authority over the ground within the three miles 
from shore —the old reputed distance of cannon-shot 
—but what about the sea beyond? Can aman if 
he negligently or even wilfully destroys a submarine 
cable be e amenable to law, per if so by what 
country is he to be prosecuted? Does the flag 
cover the deed and render the person liable to the 
Government under whose flag he sails. But with- 
out either negligence or malice civil cases may arise. 
y last year a piece of cable belonging to the 
Direct Spanish Company which, although sealed up 
and ending in the sea, was never intended to be dis- 
tarbed, was dredged up by accident by a ship at 
work on other cables, and those in charge supposin 
it to have been a piece of abandoned cable pick 
up some portion of it and brought it to England, and 
the case nearly led to eolicitors’ letters passing. The 
trial of such a case would have been very interesting 
and important. With the numerous cables now 
down, some lying parallel and not far from one 
another, it is quite possible that in dredging, a 
ship may catch a wrong cable, and the legal ques- 
tion that would arise in the case of a long interrup- 
tion of communication on an important line, would, 
it appears to us, be very difficult to decide. May 
not a ship dredge where she likes in the search of a 
cable ? 

But another case may be put. Cables now cross 
one another at right —— The Marseilles and 
Algiers cable crosses the Gibraltar and Malta. The 
Direct Spanish crosses the French Atlantic; and a 
cable from France to Denmark boldly runs over 
some half dozen North Sea cables. Now if the 
lower cable gets out of order near a crossing and 
has to be picked up, it would be almost impossible 
to pick it up without cutting it or cutting or break- 
ing the other. The only safe process no doubt would 
be to pick up to within a short distance of the cross 
cable, cut and buoy, and then grapple for it again on 
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——— 
the other side of the cross cable. But sometimes 
the localities of cables paid out at night are not very 
accurately defined, and when they are weak the 
cross cable might be broken before it was known 
whether the extra strain was caused by its weight 
or from the cable that was being picked up, the cables 
lying—as they constantly do in shallow seas—em- 
bedded inthe ground, Inthe one case the company 
who own the lower cable may be put to considerable 
extra expense in dredging and lose a portion of cable, 
and in the other the company to whom the uppercable 
belongs must suffer considerable loss by the break- 
age of their cable. How would a lawsuit stand 
in this case? Could either company recover damages, 
and in what country must the action be brought, 
that of the ship or of one of the countries at either 
end of the cable, for we might suppose an English 
ship breaking a cable running between France and 
Denmark? Altogether the whole question requires 
an international convention, and it is only by a 
careful consideration of the case by an international 
congress, that its settlement can be brought about. 








HOTELS AT PHILADELPHIA. 

We have to hand some interesting data relating 
to the extent and nature of the accommodation 
which the City of Philadelphia will offer to the 
crowd of visitors to the International Exhibition of 
this year. This question of accommodation is an 
important one to those who have a lively recollec- 
tion of past Exhibitions, and especially of the 
boarding-house discomforts and the hotel charges 
of Vienna, and who fear possibly that now the 
occasion offers itself, American hotel keepers will 
amply avenge their countrymen who have been for 
so long periodically overcharged in every capital of 
Europe. 

Such fears appear, however, to be groundless, for 
the City of Philadelphia and its environs are com- 
bining to afford the utmost hospitality to their com- 
ing visitors—their countrymen, and those from 
beyond the sea. Meetings of hotel keepers and 
others interested, have been held, at which tariffs 
have been fixed, and these.tariffs are so moderate as 
to surprise everybody, and must assuredly give to 
Philadelphia an honourable pre-eminence over all 
other cities in which International Exhibitions have 
been held. 

Philadelphia has a pepnioticn of nearly three 
quarters of a million, which will be prepared to 
receive at least 190,000 visitors, besides those who 
will find accommodation in the suburbs. Of this 
number the hotels will be able to receive nearly 
20,000, several temporary hotels having been built to 
increase the accommodation of this class, Five of 


these hotels accommodate each 1000 guests and up- 
wards, They are: 
The Continental _... 1500 
» Transcontinental 1000 
>» Globe... ~e 1000 
» Grand Union 1500 


” PB 10:80 oes dee pe 1200 
Besides these there are about 50 other hotels in the 
city, the capacities of which range from 800 to 25. Of 
course many of these possess only second-rate 
accommodation, but the greater number, including 
those enumerated above, possess ¢ ll the comforts and 
style which American hotels alone can give. As to 
charges. The proprietor of the United States Hotel, 
one of the leading establishments, and, although 
smaller than the five we have named, still accommo- 
dating 500 guests, states that his scale of charges 
will range from 3.50 dols. to 4.50 dols. per day, 
according to the nature of lodging offered. It must 
be understood that these prices include all charges 
for.living upon the most liberal scale, and those we 
have. just quoted appear to represent the average 
tariffs for first-class accommodation. Boarding and 
lodging-houses will also abound in numbers, and 
the prices charged in these will, of course, be variable, 
but in all cases they will be regulated by mutual 


ment. 

The suburbs of Philadelphia are extensive, and 
the outlying towns within easy access will also offer 
almost. unlimited accommodation, A very large 
number of visitors will doubtless make New York 
their head-quarters, as special train services between 
that city and Philadelphia will be organised, by 
which the lmagth of the journey will be reduced to 
less than two hours, Upon the line of the Penn- 
sylvania Railroad lie a number of small towns, all 
of Eee pose more or less hotel accommodation, 
which will be placed at the disposal of visitors. One 
of the most attractive of these is the small town of 
Bryn Mawr, the railway station of which has been 


already illustrated in this journal (vide ENGINEERING, 
page 144, vol. xviii). Bryn Mawr is highly patro- 
nised as a place for summer resort, on account of 
its beautiful situation in the midst of a fertile and 
picturesque country. The Pennsylvania Railroad 
Company have erected here a superb house for 250 

uests, and the smaller hotels have rooms collectively 
or about the same number. Rosemont and Villa- 
nova, 9} miles and | miles respectively from 
Philadelphia, will help a little, as will also Ardmore, 
Wayne, Eagle, and Paoli. Eagle is the first station 
on the Pennsylvania Railroad, in Chester county, 
one of the first three counties founded by Penn in 
1682, and Paoli, so named from the celebrated 
Corsican General Paoli, is also famous in American 
history from the “ Paoli Massacre” of the Revolu- 
tionary War, when 150 American soldiers, under 
General Wayne, were killed in a night attack by 
British troops, under General Grey, on the 20th of 
September, 1777. 

The reception capacity of Philadelphia, itssuburbs, 
and the outlying towns may be summarised as 
follows : , 


Philadelphia : No. of Guests. 

City hotels... ooo oma eos a 

City boarding-houses 40,000 

Lodging-houses ie 35,000 

Private houses 100,000 

—— 192,000 

Camden : 

Hotels and boarding-houses ... 8,000 
Suburban Hotels : 

On Pennsylvania Railroad ... 1,170 

On West Chester Railroad ... sad 640 

On North Pennsylvania Railroad ... 1,404 


On Philadelphia, Wilmi nm, and 
Baltimore Railroad ni a 


le 


3,644 
Outlying Towns : 

Norristown and Bridgeport ... 

Chester ... 

Haddonfield 

Downington 

Pheenixsville 

Wilmington 

Beverley 

Trenton... 

Bristol ... 

Marietta 

Lancaster 

Reading... 

Bethlehem 

Allentown 

York... 

Lebanon... 

New York 


8 


wo bo 


> 
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26,475 

Seaside Resorts : 
Cape May 
Atlantic. 

Sea Grove 

Sea Girt... 


2 


~ 


8S 
Sess 





42,200 


Total ° ~ ” 272,319 
From letters written by the mayors of the various 
outlying towns, it would appear that the prices to be 
charged are in many cases far lower than those 
already quoted for Philadelphia. Thus at Trenton 
the hotel tariffs range from 2 dols. to 3.50 dols. per 
day, or from 10 dols. to 25 dols. per week ; those of 
Reading from 1.50 dols, to 3 dols., or weekly from 
7 dols, to 15 dols.; those of Bristol are 3 dols, per day 
or 15 dols. per week ; those of Lancaster from 2 dols. 
to 3 dols. per day, and so on, while lodging rooms 
without board will be about 3 dols, per week. 
Boarding house charges are equally low, ranging 
from 7 dols. to 25 dols., according to circumstances, 
It must be remembered, too, that these are currency 
prices, and that the value of the dollaris somewhat 
less than 4s. The figures given above as represent- 
ing the hotel capacity of New York, refer only to the 
seventeen leading houses, and is not one-tenth part 
of the total capacity including second-class hotels 
and ,boarding-houses. As regards the last section 
of the summary we have given above, namely, the 
seaside resorts, it Remy be mentioned that the 
distances from Philadelphia are too great to recom- 
mend them as head-quarters, for English visitors at 
least, Cape May, one of the t watering places 
of the United States, is 81 miles distant, and the 
other three towns labour under a similar disadvan- 





e. 
“We believe that the foregoing information will 
be read with considerable interest, and that it will 
encourage’ the visit of many from this country to 
Philadelphia, who would be deterred by the fear of 
exorbitant charges, and inferior accommodation. 
If the programme be carried out, and there is no 





reason for supposing that it will not, a visit to 


Philadelphia will not be so costly as a European 
tour. For in addition to moderate charges for living, 
every possible facility will be afforded to visitors by 
the various railway companies, while the steam- 
ship services will also charge reduced rates for the 
benefit of the Centennial visitors, and special men- 
tion should be made of the magnificent vessels of 
the Atlaritic Steamship Company, which run weekly 
direct from Liverpool to Philadelphia, so that 
travellers by that route will be saved the trouble 
and expense of transport of-luggage, and railway 
fares between New York and the Exhibition. 








THE MANCHESTER STEAM USERS’ 
ASSOCIATION. 

AT the annual meeting of the Manchester Steam 
Users’ Association, held in the mayor's parlour of 
the Manchester Town Hall on Tuesday last, the 
President of the Association, Mr. Hugh Mason, 
addressed an influential meeting of the members of 
the Association and other gentlemen interested in 
the question of steam boiler inspection, in a manner 
that was highly approved. Starting with the gratify- 
ing announcement that the finances were in a very 
satisfactory condition, and that the Executive Com- 
mittee had the responsibility of managing an income 
of about 6000/. per annum, which was devoted to the 
interest of the members themselves and not for the 
payment of any dividends, the chairman spoke of 
the deputation that had waited upon the Home 
Secretary last midsummer, The deputation repre- 
sented to Mr. Cross the views of the Association re- 
garding the extent to which they considered Govern- 
ment might take steps to mitigate if not wholly re- 
move the causes of steam boiler explosions, and the 
consequent lamentable loss of life which annually 
occurs therefrom. ‘They had the satisfaction of 
pointing out that under the inspection of their 
Association, an. almost absolute immunity from 
danger had been secured to the owners and users 
who had placed their boilers under their care, not 
one fatality having taken place during the twenty- 
two years of its existence, 

It was argued that it is the duty of Government 
to protect the lives of the people, and that were a 
strict and scientific investigation made by inde- 
pendent inspectors, under the authority of a depart- 
ment of the Government, in the event of every 
explosion, whether fatal or not, so that the blame 
might be laid upon the persons responsible for the 
safe and proper use of the boiler, and, further, were 
the results of such investigations made public, such 
a course would soon lead to a cessation of such pre- 
ventable catastrophes, 

Harassing legislation, such as is now pressing so 
heavily upon our mercantile marine service by some 
of the Board of Trade’s rules respecting boilers, 
is not desired by this Association, nor is it considered 
at allnecessary. What is asked for is, an authority 
to investigate, and punish, where punishment is 
due. The public is but little aware of the danger 
in which innocent persons are now-a-days often 
placed, by the steam power which is so universally 
used in all kinds of factories, in clubs, hotels, and 
other places, an explosion not only harming those 
directly concerned with the use of the power, but 
dealing death and destruction to all around when- 
ever it occurs. The safety of the people should 
receive the protection of the legislature, and owners 
of steam boilers should not be permitted to imperil 
the general public. 4 

Notwithstanding all that has been done by this 
Association and other kindred societies, it would 
seem that explosions of steam boilers are still as 
numerous.as ever, but no mystery is, in the opinion 
of the Association, attached to any of them. Who 
then are responsible for steam boiler explosions ? 

First, the owner of the boiler, or the person who 
orders it, is responsible. If he wishes to obtain a 
good boiler he may do so by going to a good maker 
and paying a fair price. If he will have that which 
is “cheap” he cannot expect a good boiler. It is 
ther desirable, nay, it is a duty, that the boiler be 
first-class in every way. 

Secondly, to obtain this, the buyer should go to 
a first-class maker, for in his turn the maker is also 
a sharer in responsibility, It is surprising how 
constantly the investigations carried out by the 
officers of the Association, disclose the al mal- 
construction of steam boilers. No man who values 
his reputation as a maker of boilers, or who has any 
proper regard for his fellow-man, has a right to 
ye Re et boiler if he knows it, He should 





not accept every tempting offer, but make good 
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boilers or none at all. If all boilers were of 
good matenial and well made,,at- a fair price to 
cover the costs involved, explosion’ would be greatly 
lessened. 

Thirdly, responsibility rests also on the boiler 
attendant, though not perhaps to so great an extent 
as it is frequently endeavoured to prove, more 
especially after an explosion has occurred, and par- 
ticularly when the’ attendant has been killed 
thereby. The owner’s responsibility does not cease 
when he has placed a boiler in the charge of an 
inefficient. person at the lowest wage for which he 
can get him to undertake the duty. 

It is true that the work to be performed is dirty, 
and that it does not require much skill, but it is 
ove that requires care, forethought, and quiet at- 
tention. Oftentimes the men placed in charge are 
uot properly fitted for the work; they should be 
good men and fairly paid, and if this was always 
the case boilers would be the better cared for and 
the owners better served. It was thus urged upon 
the Home Secretary that there were three classes of 
persons responsible, and that the Association had a 
fair case upon which to rest their claim for aid. 

The advantages of the Association’s inspections 
were then spoken of and a reference was made to 
the idea of some persons that they were themselves 
their own best inspectors. In opposition to this 
view it was urged that if such large employers of 
steam power as Messrs. Crossley, of Halifax, Messrs. 
Pease, of Darlington, Sir W. C. Armstrong and 
Co., of Newcastle, and Sir Joseph Whitworth, of 
Manchester, and many others, found it best to 
have independent inspectors instead of their own 
private ones, then surely it must be so. The at- 
tention of the meeting was then directed to the 
important series of experiments that had been going 
on during the past year, under the superintendence 
of the Association’s chief engineer, to settle certain 
somewhat doubtful points in connexion with the con- 
struction of the class of boiler specially advocated 
by the Association, and to satisfy the Committee 
on the whole matter. 

We may here take leave of the chairman’s ad- 
dress, and give a short account of the experiments 
referred to by him, for the benefit of our readers, 
In so doing we may say that the room in which the 
meeting was held was rendered very interesting by 
the display of numerous portions of the experi- 
mental boiler, and a large number of capital photo- 
giaphs of the boiler in its various conditions; also 
of photographs of explosions that had occurred 
in all parts of the country, and models of exploded 
boilers as well as in many cases portions of the 
actual plate showing the ravages of corrosion, &c. ; 
several ruptured water pipes from the Howard 
patent safety boilers were also exhibited, and the 
whole of these specimens were very thoroughly ex- 
ainined by those present. 

The proposition to construct an experimental 
boiler to be tested by hydraulic pressure up to the 
bursting point, was submitted to the Association 
by their Executive Committee through the chief 
engineer's report as far back as the month 
of June, 1874. Its desirability igo evident 
to the Committee, especially with regard to the 
weakening effect of openings cut for manholes, 
steam necks, &c,, which it was firmly believed tended 
—= se the rupture of boiler shells than was usually 

itted, 


The Association were at that time asked to gua- | lif 


rantee some boilers of the ‘* French” or “‘ Elephant” 
type, on which there are wrought-iron necks con- 
necting the different cylindrical portions together. 
The consideration of several instances of explosion 
which had been attributed by the Association’s chief 
engineer to such necks, and to large openings not 
sufficiently strengthened, led the Committee to the 
determination to try the matter fully. Indeed, so 
completely were they alive to the weakness result- 
ing from the large holes at the base of steam 
domes, and the presence of domes at all, that they 
had for years urged members when laying down 
new boilers to dispense with domes altogether, 
It was therefore arranged that a proper boiler 
should be constructed, of the diameter adopted in 
daily practice, and of the usual thickness of plates, 
with actual manhole, mouthpiece, &c., such as 
are common, 80 that the ultimate test should be 
decisive. at “ t 
With this object then in view, they had a boiler 
constructed 2] ft. long by 7 ft, in dlamater inside 
the inner plate of shell; with two furnace tubes 
2 ft. 9 in. inside diameter with flanged seams, each 
ring being welded up solid so that there would be 


no rivets or lap jointin the flue. The shell plates 
were ys in. thick, the ends welded-up solid were 4,in. 
thick, ‘and ‘the’ furnace’ tubes of “9 in. ‘plate ; the 
material throughout being of best best Snedshill iron. 
All longitudinal joints were double-rivetted, and 
circumferential ones single-rivetted. We give on 
age 236 engravings (Figs. 1, 2, and 3) of this 
ie showing the longitudinal section and two 
transverse sections, in which the arrangements of 
the joints, stays, gussets, rivets, angle-irons, and 
attachments are clearly shown. Fig. 4 shows pitch 
and arrangement of rivets, while Fig. 5 is a full 
size view of the rivets used. The holes were punched, 

In the first experiment that was made, the 
boiler was complete as shown, in Figs. 1, 2, and 3. 
The manhole mouthpiece on second plate from back 
end was of wroughtiron, such as recommended by 
the Association. The cast-iron pipe or seating for the 
blow-off elbow pipe to attach to, was also as is 
usual, while the gusset stays and longitudinal stays 
were the full complement provided for such a boiler 
for 75 lb. working pressure. The front end man- 
hole casting was placed on the inside of the front 
plate and furnished with internal door and usual 
crossbar fixings, The wrought-iron neck shown on the 
top of boiler and on the central plate was the special 
object of this first experiment, and it is more clearly 
shown in Fig. 6, page 237, in which all the di- 
mensions are fully given. Fig. 7 is a sectional plan 
of this neck, and Fig. 8 shows, as does also Fig. 7, 
the lines where fracture ultimately took place. 
Before pressing the boiler up to the bursting point, 
careful records were taken as to the behaviour of 
the boiler at all points, as the pressure gradually 
rose, The flat ends were carefully gauged to ascer- 
tain at what pressure and to what extent they gave 
way, and if any permanent ‘‘set” remained on 
withdrawal of pressure. ‘The furnace flues were 
carefully gauged; the length of the boiler shell 
measured by rods fixed at one and free at the other 
end, and having pointers at several places, and the 
circumference was also measured by two camaiog 
steel bands passed round the boiler and weigh 
at each end, so that by horizontal lines drawn across 
them the least enlargement could be rendered clearly 
visible ; some of these measuring preparations are 
shown in Fig. 9, page 237. 

Up to the pressure at which the wrought-iron 
neck (Fig. 6) gave way, viz., at 250 lb. on the 
square inch, there was no movement of the ends 
beyond a slight permanent ‘‘set,” which has re- 
mained the same throughout the whole of the tests, 
even after the removal of the two longitudinal 
stays, by which fact it is clearly shown that the 
arrangement of gusset stays here used is sufficient 
to secure the ends up to and beyond the limit of 
the strength of the shell. 

The first rupture took place at the base of the 
14 in, neck, and is shown in Figs. 7 and 8. Of 
course these fractures are in themselves, as here 
shown, only the commencement of the work of 
destruction, but it is self-evident to any one under- 
standing the subject that had the volume of water 
which was supplied at the pressure of 2501b., been 
greater, the rent would have extended instantly, 
and had steam pressure been the agent used instead of 
water then complete destruction must have followed, 
by the development of rents in various directions, 
and with the usual accompaniments of load report, 
damage to property, and probable loss of human 


e. 
The boiler having been repaired by the attach- 
ment of astrong circular plate where the neck had 
been placed, as may be seen in Fig. 9 on the top of 
the boiler, was furnished with a cast-iron ole 
mouthpiece of the usual form. This casting was 
circular and was 16% in. inside diameter, and is 
shown in Fig. 10, and may here be compared with 
the wrought-iron manhole mouthpiece, Fig. 11, 
which is 17in. internal diameter, and upon a hole 
in boiler shell 183 in, diameter. It will be seen 
that the cast-iron manway is 164 in. diameter inside 
but requires a larger hole in boiler shell, viz. 20 in. 
diameter, to bring the edge of the shell plate to its 
proper distance from the centres of the rivets. The 
casting, which was of strong and substantial pat- 
tern and quite ener partinn ve way a a 
ressure of 200 lb. per in ase of it 
g off with conaideesble force, and so oh or more 
violent was the rupture than had been the case in 
the instance of the wrought-iron neck at 250 Ib., 
that the shell plate was torn comple h on 
each side of the manhole, the rents rs ongi- 
tudinal until diverted by the resistance by the 


way, and thence they began to pass circumferen- 
tially through the nelghhooring plates. Here again 
are-clear lines of commencing tents ‘whose ultimate 
development it is self-evident must have been utter 
destruction, The fractured portions of this casting 
are shown in Fig. 9, as is also the first wrought-iron 
neck with its fractured flange. 

At the next or third experiment a steam dome 
3 ft, in diameter was applied, only a small portion of 
the boiler shell having been cut away, but the strain 
at the base of the dome was such that violent bas 
ensued, so that no more than 235 Ib. pressure could 
be maintained with the pumping power at command. 
A second trial was made with this dome, when it 
had been re-rivetted with stouter rivet heads, 
suited to resist more satisfactorily the strong up- 
ward strain that was produced by the internal 
pressure, and in this case rupture was produced by 
the tearing of the bottom flange of the dome on the 
centre line of the boiler at a pressure of 260 lb. 
Up to this period the gauging of the flues and ends 
had been carefully noted, but no signs of distress 
were discovered, nor had any strain of the flat ends 
taken place, 

The fifth test was made to ascertain the value -of 
a single-rivetted joint as com with a double- 
rivetted one, and it was found that at 250 Ib. the 
leakage at the single-rivetted i was so great, that 
the pumps were overpowered, and no increase of 

ressure could be obtained; the double-rivetied 
joint remained quite tight. 

The sixth test was to ascertain the strength of an 
ordinary unguarded manhole with internal door 
and cross bars, such as have been in time past so 
very generally used, and are indeed but too often 
met with even now. The oval hole cut in shell 
measured 17 in, by 13 in,, and in this case it must 
be remembered that the whole apparatus was new 
and of first-rate construction so far as the imperfect 
system of such a manhole and cover could be good. 

e inner cover lapped well to the boiler shell, and 
the joint having ample surface was made with new 
sheet india-rubber. The cross bars were of the proper 
length, so that their feet rested upon the shell plate, 
not beyond the limit of the cover below, but im- 
mediately over the lap, and thus the chances of the 
door were far above the average rate of strength. 
There was of course no loss of strength from re- 
peated renewal of such a joint or from corrosion, 
but the door blew out, as is shown in Fig. 12, at a 
pressure of 200 lb. per square inch, a longitudinal 
rent starting from one end of the manhole and 
running across the plate, and then extending some 
distance along the ring seam of rivets, and fracturing 
the next plate through a rivet hole. 

Test number seven was a repetition of number 
five, to try if a rent instead of asimple leakage could 
be produced with a greater amount of pumping 
power, the idea having arisen that perhaps a 


safety valve through which sufficient leakage and 
relief from pressure might ensue in case of over- 
pressure, and thus lead to the prevention of actual 
explosion. Such a theory if not disproved might 
have a very dangerous tendency, and the necessity 
of complete assurance was felt to be absolute. 

With augmented pumping power this question 
wasset at rest by the complete fracture of a single 
rivetted seam (machine work) at 275 lb. pressure, 
when the rent extended the whole width of the 

late, and passed into each side ring plate, the rent 

ing about 5 ft. 6 in. long, and such as would most 

inevitably have caused the whole shell to open out 
with most destructive results.” 

Double-rivetted work executed by hand, was then 
compared with machine work, with a result similar to 
the last, in so far as this rent was very decisive and 
come 5 the hand-worked seam giving way at 
300 lb. pressure, while the machine work remained 


Previously to this there had been some interven- 
ing test regarding the stays, after which the’ longi- 
tudinal stay bolts were removed altogether, and the 
boiler was tested without them from that time to 
the end of the trials, so far as they have been carried, 
and no yielding of the ends has yet occurred. 

Before reaching the highest resistance of which 
the boiler was reckoned capable, another illustration 
was afforded as to the of placing reliance on 
cast-iron seatings for fittings to steam boilers. 
Joists doublesivetied by. machban,- od everything 
joints double-riv: e, and ever’ g 
as da could be comaldeeing tas taking theta ths 








two ring seams through which they forced their 


fracture i too place in ts only” remaining external 


single rivetted joint might be taken as a sort of 
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Fig. 1. 


ASSOCIATION’S EXPERIMENTAL BOILER. 
‘ CONSTRUCTED BY MR. BEELEY, ENGINEER, HYDE JUNCTION, NEAR MANCHESTER. 
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cast-iron seating, viz,, that below the boiler at the 
front end furnished for attaching the blow-off elbow 
pipe to, At 300]b, this casting gave way, 
tearing the shell poe longitudinally, as fad been 
the case in all o such fractures, and straining 
the lower part of the front plate together with the 
front internal manhole mouthpiece inwards and 
} vgs. te the external angle-iron at the lower part of 


© r, 
This had to be i and thus after it had 
by successive, trials wn that one cast-iron 
after another must be discarded, the final 

was attem and carried out 


on the 11th instant, when at 310 Ib. pressure a clear 
longitudinal 


rent was caused in the central ring of 
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plates, and at the bottom of the boiler, just at the 
very spot that by all calculation should have been 
the weakest. Possibly, had the whole boiler been 
quite new when this 
iron not been subj 
approaching its 
wae have reached 320Ib., or the ultimate calcu- 
lated strength of the double-rivetted joint. Be this 
as it may, it has now been demonstrated that this 
form of Lancashire boiler 
material, is reliable to the it that calculation 
would lead one to expect. We may here state that 
the experiments have been witnessed from time to 
time by many gentlemen who take a great interest 
in such matters amongst whom may be mentioned 
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Mr. J. Ramsbottom, late of Crewe; Mr. Turnbull, 
of the Mersey Docks and Harbour Board, Liver- 
pool; Mr. Inglis, of Messrs, Hick, Hargreaves, 
and Co., Bolton; Mr. corny of Messrs. Green 
and Co., Wakefield; Mr, Thomas Trail, Chief 
Inspector of the Board of Trade, and many others. 


We fenives have been re page dog 
test, and can join i expressing 
v satinfaction which the management of the 


called forth. 

It is but fair to state that the whole of the work 
has been entrusted to Mr. Thomas Beeley, of Hyde 
Junction Iron Works, near Manchester who under 
the direction of Mr. Lavington E. Fletcher, the 
Chief Engineer to the Steam Users’ Association, has 
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THE MANCHESTER STEAM USERS’ ASSOCIATION'S EXPERIMENTAL BOILER. 
CONSTRUCTED BY MR. BEELEY, ENGINEER, HYDE JUNCTION, NEAR MANCHESTER. 
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has been lost, whereas in the whole series of these 


matter with a clear desire to do it well, and he has 


works on these various occasions, which have ex- 





and appliances there provided for the manufacture 





various works in progress as found there from time 


y whole, for its purpose. 


with full and complete detailed information and cal- | time in this machine. 


be prepared by the Association, and, with engrav- 


of this Association, the late Sir William Fairbairn, 


welcome the results obtained. 








A series of American machines, possessing un-| +1, desired form. 








It would be useless to attempt any description of gilded at one operation. 


but we may briefly indicate the various processes b 


completion. In the first of these machines the pul D 
is pumped into a small cylindrical receiver, stovid the first machines, 


re Dees away at each stroke of the machine, made from the pulp 


following it, and exerting a powerful 
the top of a core box which 
neath it, and immediately in the centre of the mould, 


with a sheathing of fine wire gauze, which allows the 


most ably carried out the work. It is no uncommon | in eight pieces, and so designed as to expand and con- 
thing for tests of like character to causé much dis-| tract without parting at any of the joints, Each 
appointment to visitors from a distance, through the | piece is attached to a slipper working to and fro on 
failure in some minor points, by which the whole day | a guide and to a short connecting r ‘ 
; strong cast-iron ring. By a suitable mechaniem the 
' trials, which have been at least eleven in number, | ring is made to travel to and fro through a small 

there has not been one hitch involving disappoint- | portion of its circumference, one movement expand- 

ment of that kind. Mr. Beeley has gone into the | ing and the other contracting the mould, the latter 
motion taking place when the inner piston descends 


most admirably succeeded. Whilst at Mr. Beeley’s | and compresses the pulp on top of the core to form 
the top of the box. This contraction of the mould 
tended over a period of eighteen months, we have | exerts a very powerful pressure around the sides of 
had the opportunity of examining the machinery | the boxes and consolidates the pulp. 
As soon asthe body is thus formed the core travels 
of steam boilers and their fittings, as well as their | around anda new one take its place within the mould, 
while the body is placed upon an endless chain, and 
to time, and we have been impressed most favour- | deposited automatically in a drying stove, where it 
ably with the completeness and suitability of the| remains for 24 minutes, the rate of discharge being 
ten per minute, corresponding to the number of 
The series of experiments which we have re-| boxes moulded in the same time on the first machine, 
ferred to in this notice are to be supplemented by| The next operation is to place the boxes in the 
careful tests of the iron of which the boiler has/| flanging machine already alluded to as having been 
been made, and the results of these tests, together | designed by Mr. Gray. ‘Two bodies are treated at a 
They are placed each ona 
culations on the whole subject, will, we understand, | mandrel, which revolves atahighspeed and then stops 
automatically long enough for the boy working the 
ings and photographs, &c., will be published in due| machine to remove the body and put on another. 
course. ‘This publication will, we feel sure, be |The bodies are held upon the mandrel and caused to 
looked forward to with great interest, and will form | revolve by a driver consisting of a disc, rising and 
a fitting addition to the existing works treating on | falling automatically, the former motion bringing 
such matters, and especially to those of the founder | the disc fairly against the bottom of the box, and 
the latter throwing it down clear, so that the body 
than whom no one would have been more ready to| can be removed as soon as the mandrel is at rest. 
When the body is revolving a circular brush charged 
with china clay — =— oo sor — 
7 flange of the box and softens it, while immediately 
PAPER BOX MAKING MACHINERY. after, a moulding tool rises and reduces the flange to | active part in social reforms, and at the last general election 


attached toa 


usual merit, and —— by ae pe in-} “In the succeeding machine the box bodies are 
pov = “ony OF the manuracture OF Peer | placed on projecting pins attached toa long endless| |The Coal and Coke Trades.—There is no alteration in 
oxes, has been for some months at work at New| chain hanging vertically, and the upper parts of which 
Cross, and promises to create a complete revolt | 570 enclosed intwo wooden trunkscharged with heated 
tion in an important industry, the extent of which | .:. 4s tne bodies are placed on the pins, the chain 
is but little understood. The machines in question, ieatinns eel brings the hettem and sites ef the 
perfected as they are to-day, are, with one excep-|}.. into contact with colour brushes, which cover 
tion, the joint production of two American inven- the whole surface; the box then passes upwards 
tors, ar _— . Jerome, — — e —_ giving place to another, and so on, the bodies 
bt: ye ng the past ten years in tie develop | travelling up one trunk and down the other until 
ment of the original ideas with which they started. they arrive near the point where they were first 
— exception ve — s machine yo placed on the chain. Here they arecovered with chain 
Fed bn a Ta Lag = = ee ie mas = clay, and brought into contact with revolving and 
signed by Mr. T. sey oduainn tha ad hin gentie- polishing brushes, Finally the boxes are placed 
thie an in introducing the machinery into |i, the last machine, an embossing press, in which 

7. the top and sides are stamped, and if necessary 


this interesting Fi without the aid of drawings, |" 7, is obvious that the foregoing brief description 
; : ; - appliés equally to the production of the covers or 
wild ON eee pulp § tg me into — . the bottom of the boxes, the latter being made of 
pay , sat t hich ate) oar pig. ct " necessity somewhat smaller than the former, and 
F p-making apparatas, which possesses no specia requiring fresh core boxes and moulds, It will also 
— of interest, there are five distinct machines, be easily understood that boxes of any shape or 
each of which advances the box one stage towards size can be produced in exactly the same manner in 


: : : : The advantages connected with this interesting 
with a discharge pipe, through which the surplus manufacture are very apparent. As the boxes are 
. “ . a irect, all the preliminary 
within the nthe ner two, Pistons—one workilg! expense of manufacturing materials is saved, there 
the outer one being in Sivanto of the oie : an is none of the waste of material, inseparable from 
cutting off the supply of pulp, and the, inner’ one the making of boxes by hand, and finally, a plant, 
yore on | CODSisting of the four machines and drying stove, | Ope® 

has been bromght und ér. | C20 produce 600 finished boxes or covers an hour 
— the employment of skilled labour, one boy to 

see : machine being all that is n 
hich i as much larger in, dameter than the cor | gdvautages thre is ite doubt thatthe introduction 
the box. The core box is of brass, perforated with | °f these machines will be attended with considerable | § 
a large number of openings, and before it is brought | C™™ercial success, and we shall take pleasure in 
under the before mentioned, it is covered | "turning to the subject, when we 

- and describe the process in detail. 





several attached to the machine, are carried at the 
central and as each one is brought round! on “Change at 


au 
forms a tight joint with the of an open 
connexion with - 





. &x - One of the most ingenious features of this | their 
i mould 








water to flow away freely, but prevents the pul ooh AND ‘ 
from escaping. The core boxes, df which theit wes NOTES HOS aoe eg 
ends of arms revolving freely around a vertical! 5 creveland Iron Market. Yesterdny’ the utter toace 
within the mould, its underside| Business tus certainly worse than it ler boos fox worse |i 


pipe in 
an exhaust pump, driven Bane Cleveland ‘pig was sold at 47s. 6d. per ton. There is still 
vacuum 


so that the cores form Ft pe ; nog o taline 
boxes, thr the water flows from the Sal pemesd Saeaalas ore renairin see 
pulp, while pers around the lower) 74, Finished Iron Trade—This branch of i 
swirhetrg comp Lyte ep very much ed. Throughout the North of England 


machine is ie aemigemend of the beam | to stop and more men. 
surrounding the core - It ia of brass formed Cleveland Institution of Engineers.—The fifth meeting 


Station otrysh, Middlesheoagh-on Toes, on abe. evening 7 
i i m-Tees, on evening of 
Monday the 13th inst., Mr. T. Wrightson, President, in 
the chair. After the usual routine business, Mr. J. E. 
Hannah’s on the Consett Water Works was briefly 
discussed by Messrs. 8. Hannah, J. Hall, the President, 
and others. There was no discussion on Mr. Stock’s 
paper on “‘ Boiler Feed Water,’ but Mr. J. E. Hannah 
took occasion to comment on his analysis of water as sup- 
plied by the Stockton and Middlesbrough Water Company, 
showing that though the water contained a reentage 
of organic matter, it was not necessarily unhealthy on that 
account. Mr. Jeremiah Head then read a very interesting 
paper on his Patent Prime Mover. 


Resumption of Work at the Britannia Iron Works.— 
Last week we called attention to the behaviour of the men 
at the Britannia Iron Works, Middlesbrough, who declined 
to work a few days to finish some contracts because the 
manager could not guarantee them a full week’s work. 
The men on reflection have seen that they acted hastily and 
were in the wrong, and have very properly resumed work. 
No orders having yet been obtained by the company it is 
matter for — that these large works will be thrown idle 
after this week. 

Messrs. Bolckow, Vaughan, and Co.’s Rail Mills again 
in Operation.—It is with pleasure that we announce that 
on Monday Messrs. Rolckow, Vaughan, and Co., one of the 
largest iron-making firms in the world, will recommence 
their rail mills at Middlesbrough, after having had them 
idle for many months in consequence of their inability to 
obtain rail orders. The company have secured an order 
for 8000 tons of rails. It is hoped that when the mills are 
once again in operation the company will be able to obtain 
contracts which will keep them going. 

Death of Mr. John Kane.—Yesterday Mr. John Kane, 
of Darlington, secretary of the Ironworkers’ Association, 
died at Birmingham. A few days ago Mr. Kane was seized 
with an apo ic fit and never rallied. For the past 15 
years Mr. e has been constantly before the public as a 
trades unionist. Since the formation of the Board of 
Arbitration for the manufactured iron trade of the North 
of England, he has been operative secretary. He took an 









































was an unsuccessful candidate for the representation of 
Middlesbrough in Parliament. He was 57 years of age. 






the coal and coke trades. Until there is something like a 
general revival in the iron trade there will be no improve- 
ment in the demand for fuel. Some of the pits are only 
working badly. 

_ Engineering.—In Newcastle and the neighbourhood en- 
gineering is in an unsatisfactory state. Orders come slowly 
to hand. In various parts of the North there is a scarcity 
of work. The prospects are not at all cheerful. Every- 
body seems to take a gloomy view of the immediate future. 


NOTES FROM THE NORTH. 
Giasaow, Wednesday. 
Glasgow Pig Iron Market.—The prices of i iron 


j egeer pe 7 

day, and on Friday forenoon a small business was done at 
58s. 7¢d. and 58s. 9d. cash, closing sellers over at the 
higher price, with buyers at the lower. There was a flat 
market in the afternoon, and no business was reported 
The nominal prices were buyers 58s. 44d., sellers Bae. 73 


cash. Messrs. Baird and Co. luced thei" yans on 
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their works, Dunnikier Foundry, Kirkcaldy. This, the 
largest land engine which has ever been pi in Fife, 
has been made in order to drive a cotton mill in Bombay, 
and will be the third of the same kind sent there within a very 
short period by this firm. The high-pressure cylinder is 
40 in. in diameter, and the low-pressure cylinder 66 in., both 
being 6 ft. stroke. The crankshaft is of steel, and weighs 
about 5 tons in the rough, its neck being 16 in. in diameter 
and 24 in. long. The cylinder weighs upwards of 23 tons, 
the flywhéel 46 tons, and the. whole engine over 200 tons. 
The trial gave great satisfaction. 


Institution of Engineers and Shipbuilders —An un- 
usally large meeting of this institution was held last night, 
Mr. Hazelton R. Robson, president, in the chair. A most 
interesting discussion took place on the paper on ‘‘A Pro- 

sed Cellular Ship of War,’ read at the preceding meetin: 

y Mr. H. J. Boolds, Lloyd’s surveyor, Greenock. Speci 
reference was made by several speakers to the sinking of 
the Vanguard, and to the probability of a ship on Mr. 
Boolds’ plan being practically unsinkable. 


Wages of Pointsmen on the Caledonian Railway.—A 
meeting of Caledonian Railway poinstmen was held last 
Friday evening at Coatbridge for the p se of hearing a 
reply from the directors to a request made some time ago 
for an increase of pay. The reply was not deemed satisfac- 
tory, and after considering the position of affairs, it was 
agreed unanimously to again, in name of all the delegates 
present, lay the memorial before the directors, asking for 
an increase of pay to the extent. of 3s. per week for each 
poinstman and gateman. 


Royal Society of Edinburgh.—The eighth ordinary 
meeting of the present session of the Royal Society of 
Edinburgh was held last Monday evening, Sir’ William 
Thomson, President, in the chair. Professor George Forbes 
read a paper ‘“On the. Connexion between Cohesion, Elas- 
ticity, Dilatation, and Temperature,” for the pi of 
proving the theorem that ‘‘ there is no action ata distance.” 
Mr. David Stevenson, C.E., in intimating that Sir Charles 
Hartley had presented to the Society copies of the records 
and charts of the works designed by him for improving the 
navigation of the Danube, gave a = description of these 
international engineering operations. 

Association of Engineering and Shipbuilding Draughts- 
men.—A_ meeting of the Glasgow Association of ‘Engineer- 
ing and Shipbuilding Draughtsmen was held last. Thursday 
evening, Mr. David Halley, President, in the chair, Mr. 
Halley gave an interesting address on ‘‘Spring-loaded 
Safety Valves.” 

A Steam Navvy.—No small ‘mount of curiosity has been 
excited in the district of Bellshill, neat Motherwell, within 
the last few days ‘by the arrival and operations of an Ame- 
rican steam ‘‘ exczvator,’’ now in good working orderin a 
deep cutting, a little to the west of the village, on the new 
line of railway in course of construction for the North Bri- 
tish Railway Company, by Mr. Young, railway contractor. 
The ‘‘ Navvy”’ is a powerful-looking machine, and employs 
only three men to work it —an engineer, fireman, crane- 
man —but other four men are needed to shift the wagons to 
and from the ‘‘ drop.”” It is capable of filling a wagon in 
a’minute, and does the labour of sixty hands. It is mounted 
on four wheels on iron rails at the bottom of the cutting, and 
from the jib of the crane a strong iron bucket is suspended 
by chains, to which four teeth are attached, projecting 
about a foot from the mouth of the bucket. The teeth tear 
up the face of the cutting, beginning at the bottom and 
filling the bucket. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Improved Railway Rolling Stock.—Thé Manchester, 
Sheffield, and Lincolnshire Railway Company have this week 
commencedrunning greatly improved first-classand composite 
first and second-class coaches between Manchester, Liverpool, 
Sheffield, and London. They have have also just begun to 
run, on the fast express trains, a new brake van invented 
by Mr. Charles Sacré, engineer-in-chief of the company, and 
manufactured at the Gorton Carriage Works, Manchester. 

hese vans are about twice as long as the old ones. Instead 
of the brake power originating from a large wheel moving 
perpendicularly at one end of the van, it is applied by the 
guard turning a winch (fitted with a ratchet movement) on 
a cast-iron pillar, which stands in the centre of the van, and 
thereby applying all the blocks simultaneously. The blocks 
are of cast iron. 


Reduction in Gas Companies’ Prices.—The price of the 
gas supplied by the Bradford Corporation is now lowered 
to 3s. 4d. per 1000 ft. The Sheffield. United Gaslight Com- 
pany have also decided to reduce their price to consumers a 
penny per 1000 ft. on and after July 1st next, the present 
charge being 3s. 1d. per 1000 ft. 


The Reduction of Miners’ Wages.—The proposal to 
reduce the wages of all miners in North Derbyshire and 
South Yorkshire 15 per cent. on April 14th is causing muc 
excitement in those districts. Most of the lodges have de- 
termined to resist the reduction. The council of the Mincrs’ 
Association assembled in the Miners’ Hall, Barnsley, on 
Monday, but could not arrive at any decision, and referred 
the subject back to the respective lodges. It PB cy 2 
that a strike will énsue about April 12th. y the 
men at the Wharncliffe Woodmoor pit are out on strike 
against a drop of 20 per cent. The Clay Cross ‘miners’ 
notices expire on Friday. 
Pages 4, * Oo cestion Water yee = last week’s 

of the ord Town Council, the tender of Messrs. 
Crabtree Brothers and S was accepted for the con- 
struction of the tunnel at the ing and Leeshaw 
reservoirs, the respective prices being 10,9141. and 91161. 


New Collieries in South Yorkghire.—The ::Mitchell’s 





h | neighbouring tf of Western Aust 





Main and Corton Wood collieries in South Yorkshire have 
now ¢ommenced coal-getting, each of them to the extent of 
500 to 700 tons daily. The Wath Main sinkings have now 
nearly overcome the great influx of water, and at the 
a Silkstone new pit, the Silkstone seam has been 
struck. 


Coal Traffic by Railway to London.—During February 
the Great Northern carried nearly 17,000 tons more coal to 
London than in January, the increase being mostly from 
South Yorkshire. Hight of the pits working the Barnsley 
seam sent 17,000 tonsas against 10,000 tons, and the Silk- 
stone pits also consigned heavier lots.. The Great Eastern 
also carried 
Midland, on the other hand, fell off ‘nearly 14 
almost wholly from the Derbyshire collieries. 
Northern, it should be remembered, is now ist gaining 
access to the Derbyshire coalfield, and will shortly be a 
formidable competitor for the Midland to deal with. 


000. tons, 








NOTES FROM THE SOUTH-WEST.™ 
Lighthouse Arrangements in the Bristol Channel.—The 
Bristol Chamber of Commerce has petitioned the Board of 
Trade in favour of the erection of a lighthouse on: Morte 
Point instead of Bull Point. 


Wages in the Somerset Coalfield.—Notice of a general 
reduction of 17 per cent. in wages in the Somerset coalfield 
has created a considerable amount of excitement amongst 
the men throughout the field. The local executive of the 
Radstock branch of the National Miners’ Association met 
on Friday night to consider the question of the-redaction 
of which the committee had received. formal notice from 
the masters. Beyond communictating with the head- 
quarters of the union nothing was done. 9 6: 


Cambrian Railways.—The Railway Commissioners 
gave judgment, on Thursday, on a dispute between the 
Cambrian Railways Company and the London and North- 
Western Railway Company, as to whether the former were 
entitled fo reeeive a rebate of 50 per cent. on all traffic 
(except minerals) sent from their system, the. contention 
of the defendants being that they were not obliged to pay 
a rebate-on traffic sent to them via Afonwen. The Com- 
missioners, however, held that the rebate way payable on 
such traffic. No order was made as to costs, 


Devonport Dockyard.—Another:temporary steam engine 
has been fixed on the lower floor of the ropery of Devon- 
port Dockyard ‘to drive the spinnifg machines on the floor | 
above. A temporary engine was fixed,there in. the early 
part of the year for driving the machines on the west side ; 
the second engine will drive nearly all the machines on the 
east side. = 

Strike of Colliers at Onllwyn.—The colliers;and..others’ 
employed by Messrs. Evans and Bevan, at-Seven Sisters’ 
Colliery, are out on strike. The menaré disputing the 
justice of a 7 per cent. reduction, on the ground that they 
are already earning about 10d. per day [éss than their 
neighbours working the same vein of coal at Abercarn and 

wyn collieries. ; . 


Welsh Coal for Ireland.—The EbbW Vale Company has 
been fortunate enough to secure a good contract, the supply 
of 30,000 tons of steam’ ¢oal’for ‘the use of the Mi d 
Great Western Railway Company of Ireland. There was a 
large mumber of competitors, some of whom were lower 
than the selected tender. 


The Inflexible.—Extensive preparations are being made 
for the launch of the Inflexible, twin turret ship, on the 
27th April. A platform is being erected at a cost of up- 
wards of 2000/., to accommodate 6500 spectators, and seats 
will be provided for 2000 of that number. Some 800 men are 
still engaged on the vessel, which will represent a weight of 
nearly 6000 tons when launched. 


Bristol and Ezeter Railway.—It is stated that the 
Midland Railway Company intends to oppose the transfer 
tothe Great Western Rai . Company of the Bristol und" 
Exeter system, both before Parliament and the Railway 
Commissioners. The Midland will set up an old agreement 
between itself and the Great Western, under which the two 
companies were to share advantages in the West of land 
mutually ; and under this, it is said, the Midland will not 
only seek to obtain running powers over the Bristol and 
Exeter, but will also ask for the same privilege in respect 
of the Severn Tunnel. 


Low Tide at Cardiff—Sunday witnessed the lowest tide 
ever placed upon record at iff docks. The screw 
steamer Bittern, of and for Cork, could not leave the East 
Basin, the draught of water at the dock gates being 
14ft.10in. At the West Dock it wad 11 ft. 10in. the 
Roath Basin being 18 ft. 10in. 








FOREIGN AND COLONIAL NOTES. 
Australian Telegraphy.—A telegraph line which is to 
connect Adelaide, South Australia, with the capital of the 
ralia.is making eatis- 
factory progress. The work may be divided into two main 
parts. é first part, which is in South Australian terri- 
, is being carried out at the expense of South Australia, 
and will absorb about 63,0001. ; the second within the boun- 
daries of Western Australia is being proseeuted at the cost 
of that colony. The South Aus portion of the line 
is divided into three sections, viz., from Port A to 


‘Port-Lincoln, 200 miles; from Port Lincoln to Fowler’s shoal 


‘Bay, 340 miles; and from Fowler’s Bay to Eucla, 240 
dln: making a total of 780 miles. ‘I'he sections in 
‘Western Australian territory are: Albany to Mount 
Barren, 120 miles; Mount Barren to Esperance Bay, 166, 
miles ; Esperance — Culver, 202 miles ; Culver to 
Eyre, 146 miles ; and Eyre to Encla, 160 miles ; making i 
total of 794 miles.. Out of the three sections in Sout 


largo quantities from. South Yorkshire. The | boil 
The Great | th 


Mr. Walter Thomson, the contractor, is pales on the 
work with the assistance of Mr. R. R. Knuckey. The 
latest advices from Perth state that the first section of the 
line at the Western Australian end has been poled, and it 
is probable that progress has by this time been made nearly 
as far as Esperance Bay South Australian con- 
tractor is using iron poles, while wooden ones are employed 
in Western Australia. HY) 2 
Boiler Inspection in Philadelphia.—Mr. J. Ovyern, chief 
inspector of boilers in Philadelphia, reports that»the whole 
number of boilers in Philadelphia is 3068, of which, how- 
ever, 180.are temporarily out of use. The total number of 
ers last year was 1699, being an increase of 
135 as compared with the number i in 1874. In 
e course of last year, repairs were ordered to 82 boilers, 
9 safety valves were ordered to be applied, and 8 boilers and 
3 mud drums were condemned as unsafe and ‘ 
In regard to the indiscriminate use of castiron in con- 
struction of boilers. for carrying steam at high pressure, 
the.inspector says it is much to be deprecated. © In speaking 
of the introduction of numerous arrangements for 
rating steam, and so-called patent safety steam generators, 
the inspector says: “‘Iam not sure that all inventions of 
this kind are improvements ; in fact, I am convinced that 
many of them are extremely hazardous. Safety and secutity 
seem to be éntirely lost sight of: in the desire to present 
the smallest amount‘of water to the greatest amount of heat- 


ing surface, it difficult to maintain a proper and 
continuous water-line, and entirely destroyitig t ne circula- 
tion absolutely necessary in all steam boiler,’ . 


Belgian Rails in Holland.—At a ‘révert’ adjudication 
for rails at La Haye, the Belgian works which competed 
yangnished all their opponents, as well German as English. 
The three lowest tenders were those of MM. Adhewar Le 
Roy and Oo., the Thy-le-Chateau ‘Company, and the Acoz 
Forges Company. Newnniethacece, OROAIDG 

The French Coal Trade.—Thére has been no ‘material 
changé in the price of coal in France.’ Inthe Pas-de- : 
stocks which had been recently reduced” by a recent stri 
in the Charleroi district are re-forming: At St.. Etienne 
there has been rather a more eheerful tone in ‘affairs. 


Northern. Pacific Railread,--The president of . the 
SEEING sebeton te esnenlie yO ane sof thet 
as issued a on the operations 
undertaking lin’ 1875. Mr. Wright states "hat the traffic 


receipts earned last year upon miles of Sopeisted road 
were 618,590 dols., of which 152,140°dols. were net income. 
The corresponding net income. in 1874 was, returned at 
24;713 dols, Each mile of the. road built has been accepted 
by the, United States Government, and this entitles the 
company ’under its charter to 10,800,000: acres of land. 
This land the company is selling to settlers at prices which 
thus far average about 5dols.: per acre. * It is: proposed 
to resume the work of construction during: the ‘ensuing 
season. 


An Australian Submarine Cable.—The South Austra- 
lian Government has decided, after careful surveys, to lay 
a cable fuieh is now on its way to South Australia) from 
Yankalilla to Kingscote on roo Island ; it is thence 
aig se to construct a land line to Cape Borda. The latter 

ine is being marked out, and tenders will be immediately 
invited for the work, which will oceupy about five months. 


Constantinople Tramways.—Mr. Tridon, manager of 
the Constantinople tramways, has resigned his office. 
will be probably succeeded by Mr. Cricozzo. 


An Australian Mineral Trophy:—New South Wales is 
about to despatch—if, indeed, she has ‘not already” de- 
spatched—a mineral trophy to the Philadelphia Centennial 
Eixhibition. The trophy, which is remarkably illustrative 
of the mineral wealth of New South Wales, has been pre- 
pared by Mr. Wilkinson, the New South Wales Government 

logist ; Mr. Wilkinson has, however, been well seconded 
y the mining wardens, registrars,’ and other officers of his 
en The trophy is of a shape, with 

ient angles and four corresponding recessés. The les 
are formed by massive solid blocks of coal, dis 6 
steps; each block being the representative of a different 
seam or pit. One of these angles or buttresses : 


‘| the mines of the Hunter River district ; the next 


exemplifies the western district ; the third is devoted’ to 
the Newcastle mines ; and the fourth is illustrative of the 
southern coal mines. In the open spaces at the base of each 
recess samples of all the mi ores fi in the 
are shown. In one recess are iron ores from Nattai, 
the Clarence district, Wallerawang, and the Lithgow 
Bok 

Canadian Pacific Railway.—Although it is g 
considered that the construction of the Canadian Paci 
Railway has been nied med, it is none the less 
a fact that the Canadian lic Works Department has 
purchased a sufficient quantity of steel rails to lay 550 miles 
of line. At least, so it is stated in a report just presented 
by that department to the Parliament of the Dominion of 
Canada. 


Machinery for Turkey.—A large order for machinery is 
stated to have been given to an lish firm by the Yorke 
for new Government flannel and cloth factotiew a to, 


established at Ergoub. 
Rails in France.—The production of iron’ cea declined 
last year in France to the extent of 32,000 tons.. This decrease 
is attributed, in some measure, to the ever-increasing use of 
Docks at Lisbons—The Portuguese Ghambers have rati- 
fied a scheme for building docks at. 


Ashen, and 9, Eeanes- 
has copreaet. f joatract with the 


Portaguae Company ag canine. Goutact with the, 
thar works Th annomodne of home co 
having obtained the con’ , ’ « 





Australia, the construction of the first two has been let; 
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power, as it were, is stored up, and can be 
effect the moment it is required. A 
particular moment, if o 
value, representing as it 
up a train travelling at high 
euse of the ‘‘ vacuum” a 
rakes are self-acting in ease of accident, an 
dental separation of the train are applied 
rtion first, thereby preventi 

action which was attended wit 


SANDERS’ CONTINUOUS BRAKE, 
To THE EpITor oF ENGINEERING. 
Srz,—Some time ago you were good 
brake in your valuable journal (see 
xix., page yt Ag I now send you a plan 
arrangement which is now being 
a ental train by the Great Western Railway Company. 
improvement consists in the use of a second power 
ighted lever shown on my previous 
by your giving it a place in 


sapet with full 
sa time at tha 
, is of infinite 


drum in place of the ‘ 
plans, and I shall feel ob: 
an early issue of ENGINEERING. 

The action of the brake is as follows: The two drums A 
and B being exhausted act simultaneously upon the opposite 
ends of the lever C, but as the area of ter 
than that of drum B it overcomes it, and pulls the lever 
into the position shown on the drawing for keeping the 
brakes “‘ off.” In this position the lever remains when the 
train is in motion. 


The brakes can also be applied from any 
train with any degree of force, for it is not 
destroy the vacuum entirely 
only in the event of imminent 
vacuum in the pipes al 
means of ‘‘ communication. 

Another advantage of great importance is that a coup- 
ling cannot become disconnected, neither can the brake ap- 


provides efficient 
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carriage get “out of order’ without the 
harge of the train; and unless this 
uirement is fulfilled it can easily be 
ht approach danger, relyi 
distance 


er of the above contingencies, they are 
and he himself without the means i 
cept by the hand tender brake and 


In such = event as that, a collision would be most dis- 
he train tyre greater 


When the pipe along the train is opened by the driver or 
, or by an accidental separation of the carriages, the 
vacuum is destroyed in the drum A, but maintained in drum B 
by the india-rubber valve D, which is pressed close to its 
a = a i 
en independently upon the lever, reverses its position, 
and applies the brakes. fs a 
be One of the many important advantages obtained by the 
automatic” action which this apparatus possesses 
the “‘direct”’ action is the saving of time which is effected 
in applying the brakes at the moment they are wanted. 
This was fully established in the trials made by the Royal 
Commission on Railway Accidents in June last, and also by 
Captain Tyler in his recent ¢ 
ing’’ vacuum brake on .the 
which a distance - = yards was required to 
ength travelling at a moderate speed 
_, Without wishing to detract from other men’s inventio: 
pears to my mind aftera most careful and lengthen 
'y of the whole subject of ‘‘ continuous brakes,’’ that 
we are yet far from perfection if a train. of moderate w: 
brought to a state of rest in a less distance 
have been able to accomplish. 
t of promptness in the “ direct action” brake is 
easily explained, when it is considered thata train travelling 
at the rate of 60 miles an hour passes over nearly 30 yards per 
second, and as it occupies from 6 to 7 seco 
and cylinders of an ordi 
that a distance of about 
over before the brakes can be appli 
force due to the pressure of the atmosp 
T am of course aware that the blocks 
wards the wheels almost immediately the exhausting 
into operation, but the exhaustion is at 
is not until after the train has travelled a 
=o to act with their 
acting” brake has 
as the ‘‘ automatic,” in which the 


conceived that a 


stopping his train ex- 
the dangerous expedient 
astrous, because the velocity of t 


than had its momentum 
application, on the part of 


been diminished by the timel 

the guards, of the pwesaut hawk 
danger 

uous brakes, it has been 

the train, so that in the even’ 


riments with the “direct 
reat Northern Railway, in 





ratus is provided, or the power increased, the 

to create the vacuum to apply the brakes must be 
long as is necessary with one line of pipes only ; in addition 
hich is the double expense in the instance and 


3 


train of 15 vehicles, 
tion, or any other cause, one 

, the same cause would in 
the other, and the train would thus be | 
brake power without being detected 


begin to move to- 
arose for applying i 
then te” 


until J 
hen, as before explained, it might 





distance that the 
fall effect, and thus it is that the “‘ 
good work 











‘ect working . The vehicles bjected to 
_—-s inpection of carriage examiner, who are 10h, 


Ee 
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inty, insure 
connected coupling, or -y 
of accidents will not be obviated by the use of continuous 
In order to meet these possible sana I have de- 
signed the form of brake a tus as 8 on the ac- 
companying plan, the simplicity of be 
See Ste ah Repeater 
and carriages without interfering present gearing. 
Talso enclose a ing of my alarm apparatus to be 
fixed in each van and on the engine as shown. It consists 
of a brass cylinder in which is 6 heavy _weign’ made air- 
tight by an ordinary leather bucket. train 
motion, the weight is forced u the top of. the celnds 
by the pressure of the atmosp underneath it 
event of an accidental separation of the} 
the a tion of the brakes, it descends, by com- 
the air underneath it blows the 


6 = 
The coupling between the i consists of two 

danges exactly alike, so that they can be eats 

irrespective of the position of 

belong. They are pe nay mee Pe 

j across the holes in w ice Soy nas 
but when pulled into a straight line, as 

in an_ accidental mm fr naony Day the train, they are easily 

pulled apart withou' yet ae the pipes. When the train 

are 
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THE INADEQUATE UNION : 
OF ENGINEERING SCIENCE AND ART. 
Address of President A. L. Houusy before the American 
Institute of Mining Engineers, at Washington, D. C., 
February 22, 1876. 
Tx application of scientific methods to the investigation 
of naturel laws end to the esntest ot Wee einer ae 
are founded u » is mitiga 
and cnerytig i Raph roe ok wehaae endeavour. 


hi 
Stee totably, haps, are these the facts in that 
unfasten ot productive ani conirctiv ra of whch mgoeering 
Soauestions bow 
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Finan, tot of all, the creation and the 
to be the million tons a year, of 
cheap constructive steels. 
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principles, and who follow in all 
erefore fruitful, method by which 
relations of matter and force are discovered, classified, and 
t within the reach of practice. These wonderful 
men do not indeed create the laws of nature, as they some- 
times almost seem to, but they go up into the trembling 
mountain and the thick darkness, and bring down the 


F 
: 


tables upon which they are written. 
There is a large class of men whom we may designate as 
the schoolmen, a class po ly and, to a great extent, 


correctly recognised as the scientific element of human 
progress ; men who are learned in the researches and con- 
clusions of others, and skilled in reasoning or speculating 
from these or from abstract data upon the certain or 
probable results of physical and chemical combinations. 
_ And there is the great army of practicians, almost 
infinite in its degrees of quality, from the mere 
human mechanism: by which mind lays hold of matter and 
force, through all the grades of practical judgment and 
. indispensable link between nature’s forces, as 
he philosopher thinks they are, and nature’s materials, as 
the practician knows they are. 

As the art precedes the science (however the scienco may 
afterwards revolutionise the art), let us first consider the 
matter from the artisan’s—the ‘practical’ man’s stand- 
point. While every day’s experience could teach him a 
more helpful lesson, it could hardly teach him one of 
og general importance than that the men who specu- 

, from second-hand data, upon the probable results of 
combinations of forces and materials, are not the men who 
can best make these combinations in practice, who in- 
tuitively know all the concealed pitfalls, such as friction— 
that trick of nature, which, like the thousandth part of 

alters all the conditions of use in iroti—nor 
are they the men who can determine the completeness of 
these combinations, or read the record of their results, as 
in the character of a flame, in the feeling of a refractory 
mixture, in the behaviour of a metal under treatment ; nor 
are they the men who, by ow with objects and 
phenomena, are fitted to pursue that original investi- 
which is the oundation of even ST. 
he expert who delights to call himself “ practical,’’ is 
Sone emoned at the attempts of experts by school 
graduation who have not been uated in works, to 
solve the problems of the day. And from his 
stand-point there are numerous and conspicuous illustra- 
. While metallurgists are still disputing over the 
nature = of reactions in combustion and reduc- 
tion, the A gwd Bow felt his bind a — 
practice a cen’ ago, to vast an 
economical uction of y- The attainment of 
a id sufficiently hot blast by means of waste heat, 
adaptation of shape and proportion of stack to different 
fuels and ores, labour-sa i and arrange- 
ments—all these have grown out of the constant handling, 
not of books, but of furnaces. 
little superior to 


Proceeding upon a 
that of the average school-boy, a cea his re- 
. ' Not knowing for that the com- 
bustion of or of manganese are the chief sources of 
the ‘necessary heat, ignoring the fact that not alone the re- 
action but the presence of manganese is a cause of soundness 
and malleability in steel; magnifying the ~ that 
1censees 
to avoid all irons containing above 0.02 cent. of phos- 
phores, and sharing the iguorance of the whole metalluzgical 
profession as to the sequence of reactions in the converter, 
Gast the pretinbility of chonginy thelr character, Bessemer 
and his followers, during the first 15 years of their practice, 
nevertheless brought this difficult art, which the metallur- 
gical schools call a chemical art, to a high degree of com- 
success, and this in the absence of any metallurgical 
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the closeted scientist Ro more a y be the 
conditions ; the student 
ify in ‘and formul@ the glory of an 
5 } 
furnace, an old aad exceedingly si 
all the laws of pons Fama 
in the cyclopedias, and fail to 
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of patient observation, 
by men unacquainted with 
reel ch et enalncdl c sohdeat 
nin tomes ee 
In the development 


The adaptation 

Lon et vont’ This a ont nell 
i west siatiing ingly illustrated in the 

Oliver Wendell H i i 
of his life into his ‘‘ shell’”’ 
ing as perfectly into his oars as if his spi 
the centre of its keel, and the nerves of his arms ting’ 
the ey — thoughtful locomotive driver is 
upon, not wit mere machinery organism 
but with all the attributes of a power superior to his own, 
except volition. Every faculty is stimulated and every 
ted. An unusual sound amid the roaring exhaust 
and the clattering wheels tellsJhim instantly the place and 
‘a pain in his own flesh. The 
the footplate, a chatter- 


boat, 4 every walition 


degree of danger, as w 
consciousness of a certain j 
ing of a valve a. a halt in the a, a peculiar smell of 
burning. a s pounding of the 
wheeze of the blast, a hissing of a wa 
of a broken spring- 

, a hot journal, the priming of the boiler, 
high water, low water, or failing steam—these sensations, 
as it were, of his oyter body, become so intermingled with 
y, that this wh and fire- 
feeding man feels rather than perceives the varying stresses 
upon his mighty organism. 

iarity with steam engines is not, indeed, a 
steam engineering, but it is a condition. 
hanical laws of heat were not dev 
ine house, yet without the mechanism which the know- 
h this familiarit; 
adapted, the study of heat would have 
rather than a useful pursuit. 
When one can feel the completion of a Bessemer “‘ blow’’ 
without looking at the maining 
minutes of a Martin steel charge from the bubbling of the 
in the working of a blast 
furnace by watching the colours and structure of the slag, 
or note the carburisation of steel by examining its fracture, 
ield from its appearance and weight 
he lifetime of a machine by feeling 


iston, an ominous 
-gauge—warning 
r, a cutting valve, 


the sensations of his inner 


has created and 
So in other departments : 
e, or number the re: 


bath, or fortell the c 


or say what an ore will 
in the hand, or predict 
its pulse; when one in any art can mak 
looking the patient in the face rather than by reading about 
similar cases in a book, then only may he hope to practical 
apply such improvements as theory may suggest, or to | 
investigations upon which successful 


These are the conclusions of the “‘ practical’? man, and 
are none the less true because the 
are too little consi 
ates of schools is also true, but, happily, 
less conspicuously so as the years advance. 
The evil consequences of this mistake develop themselves 
in various ways. The recent 


are not the whole 
truth. That the 


uates of schools do not, 
itions of responsibility and 
f cject-teathing. Perhaps the greatest sdvamtage 
term of obj ing. erhaps the greatest. advan 
of their scientific — at is that the — 
and phenomena faster than can the mere workman, 
h full of the elements of new and useful con- 
clusions, lacks, if I may so say, the scientific reagent which 
and leaves a clear solution of the 
problem. It is, however, true—in the iron manufacture, 
perhaps, especially true—that men of wide learni 
great mental dexterity, unless they have studied at least as 
many] years in the works as they have in the school, do not 
successively compete for the desirable places, with the men 
who have come up fromthe ranks. Narrow, unsystematic 
and fruitless of new results as his knowledge may be, he 
ily from the position even of 
to take the manager’s post 
= preference to him whose reputation is founded solely on 


school. 
Nor does this prove, as the schoolmen too often 
that the owners and directors of metallurgical en 
are always unappreciative of scientific 


manity, must first be i 
maintenance and regular 


precipitates the rubbis 


who has grown w 
puddler’s helper, wi 


working, which constant famili- 
arity with objects and phenomena alone can provide, are 


earliest in order. tion first and improvement 
afterwards 


Another consideration in this connexion, is that scien 
more readily 
ical aid fo the 
can the more readily adapt 
_mapy more improvements 
ever in an equally good 
mind. aa his clbtvup, sth oon cenalnn 
i vments out, might 
there must be one final au’ ity, 
almos 


scientific’ man. The 
situation. He should 


w establishment. 
ent founded on i 

e wider and more frui oan of the ~ te ’ 
experimen’ wledge 

i ir scientific culture, they will tell us that 
as the inert and clumsy fly-wheel, that 


highly o that it pers Be sain what 
se mat eit in julgrpont in — 

economics m in en! 

it the reaches of imaginati : ne She eat ye 


ing out 
sare sbhooinen for pepsi 
works or their ins to 
constructions 








scientific method and under 
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generally carries into s' use his comparati: few 
well-founded attempts, the student merely of principles and 
bstract facts so usually originates the ideas upon which 
ae pow is founded, and so rarely clothes them with prac- 
ical bodies. In this chasm between science and art, how 
much effort and treasure, and even life, are swallowed up 
year by year. 

These are not theoretical considerations. The blast fur- 
nace, the converter, and the open hearth have already been 
referred to; let us observe some other illustrations. A 
bridge builder will tell us that few structures in his depart- 
ment of engineering fail, by reason of mistakes in calculat- 
ing the strain-sheet, but that the majority of failures arise 
from vibrations, buckling, rapid wear of important parts, 
shapes that weaken the materials, inequalities of the 
material, and similar causes which are not stated in books, 
which assume different aspects under every change of pro- 
portions and dimensions, and which can only be inferred by 
means of a long familiarity with the behaviour of similar 
structures during varying periods of service, and with the 

rocesses by which ma’ and members are fabricated. 
he builder of a machine like a marine engine, or a locomo- 
tive, or a roll-train, or a steam hammer will tell us that, in 
esigning new adaptations, after every stress that can be 
distinctly analysed is provided for, mass to resist vibration, 
changes of shape to insure sound casting, and various modi- 
fications which cannot be formulated for the want of even 
a complete knowlede of their conditions, must 
still be supplied, simply by judgment founded on long obser- 
vation of phenomena under similar conditions. And he 
will thus explain nine-tenths of the failures. Who can 
imagine the volume of a book, or of an author who should 
adequately teach the principles of construction as affected 
b ‘the chiefest of all practical considerations—the economics 
of the foundry, the forge, and the machine shop? With 
the tools and facilities at hand, what divisions of a particular 
structure, what shapes and sizes and methods of joining can 
be made cheaply as well as strong and efficient, in the 
infinite forms of mechanism? Obtaining such facts from 
any other source than personal practice, would be like an 
oarsman studying a book to know when and how in the 
race he must husband his power, or like a wrestler looking 
out in a cylcopedia the probable feints of his antagonist. 
The successful constructor will assure us that no possible 
ining in the school nor any genius in invention can build 
economically without such etepuicies of the shop as the 
athlete has of the possibilities of muscular strength and 


ity. 
“else arts have been selected as —_ om not because 
they chiefly depend on skill, but because they so largely in- 
volve the highest formulated mathematical knowledge. How 
much more important, then, is practical training in those 
departments where La bev laws are very incompletely 
understood and formulated. How far short of practical 
success will abstract science stop in sinking pneumatic piles 
through wrecks and boulders, in tunnelling rocks traversed 
by subterranean streams and beds of qui d, in cheaply 
applying hoisting, ventilating, and draining machinery to 
er w — the scene — — of —— - con- 
stantly shifting, in firmly founding heavy vi ma- 
chi on treacherous ground, in handling and cast 
mel steel, in soterering refractory ys = 
vessels, in delivering bars hot and.crooked in te 
directions to @ roll train, in fabricating durable breech- 
loading cannon, in building boilers that snall provide for 
vaporisation, circulation, an cleaning, and dura- 
i in designing ike 





in width, all structures on the summit 
outlet to have of 14 ft. in view 
Of ultimately hs canal to that dapth 
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THE ORIGIN OF MOTION.—No. VI. 

1. The Electric Spark.—Since the phenomena of 
attraction and repulsion observed in the electric 
effects must come under the general ¢ase of the dis- 
turbance of the ether pressure produced through 
vibration, and since a consideration of the above* 
mode of vibration of the intercepted column of ether 
between the influencing masses will serve to throw 
some light on the mode of production of the electric 

k, we will consider this case briefly here. We 
will take the case of the two terminals of an electric 
machine or induction coil giving sparks. No one 
in the present day will seriously imagine that this 
spark consists of projected fiuid ; in fact it is already 
@ very generally accepted conclusion that ‘“elec- 
tricity” must be some form of motion (which motion, 
therefore, it may be remarked could not possibly 
take place without disturbing the ether). If, there- 
fore, nothing be projected between the terminals, 
the spark must inevitably be due to the disturbance 
of something already existing between the terminals, 
We know that it is not the air that is the agent con- 
cerned, the ether, therefore, remains as the one pos- 
sible agent to which to refer the effect. Itis well 
to realise fully and practically here the deductions 
already arrived at as to the ether being an agent 
exerting a great pressure and enclosing a vast store 
of energy, and, therefore, an agent the disturbance 
of whose equilibrium would produce forcible dy- 
namic effects; not a feeble powerless agent the 
disturbance of whose equilibrium would produce 
but little effect. 

2. Before the spark breaks we observe a static 
effect of the disturbance of the ether pressure, exhi- 
bited in the tendency of the terminals to approach 
each other ; so that the ether between the terminals 
must be in vibration before the spark appears. The 
ether accordingly between the two terminals vibrates 
radially} and longitudinally, or the ether is broken 
up into annular segments which vibrate radially 
and longitudinally, a rarefied axis extending between 
the terminals and drawing them together. The 
disturbed portion of the ether between the terminals 
bulges or expands towards the middle, much in the 
form of an elongated sphere, whose longer axis is in 
the line of the terminals ; or the oscillating annular 
segments into which the ether mass is broken up 
abut against each other and tend to bulge the 
column radially (more especially towardsthe middle), 
the longitudinal oscillation thus naturally producing 
the radial oscillation and thereby finding its rt 
on the rarefied axis, the lateral strain of the vibrat- 
ing column on the axis and the consequent rarefac- 
tion of the latter becoming greater as the vibrating 
energy of the column increases. The longitudinal 
and radial forms of oscillation therefore naturally 
produce and sustain each other. Any two longi- 
tudinally oscillating segments when they impinge 
against each other, bulge each other radval ly, and 
thus produce an axial rarefaction which constitutes 
a controlling and elastic support ; in other words 
the axial rarefaction produced on the approach of 
the segments acts as a resistance tending to check 
the further approach of the segments and causes 
their elastic rebound. 

3. The deduction that the ether column vibrates 
concentrically about an axis will serve to throw alight 
on the phenomenon of the spark. Firstly it should 
be kept in view that a mass of an aeriform medium 
in stationary vibration is capable itself of constitut- 
ing & wave generator, just asa solid mass (such as a 
vibrating bar of metal) in stationary vibration can 
constitute a wave generator. Thus the mass of air 
in stationary vibration within an open pipe (such as 
an organ pipe) is a wave generator. bo a mass of 
ether in stationary vibration is capable of con- 
stituting a wave generator in the ether. 

There are certain special physical conditions, 
however, under which a mass of an aeriform medium 
in stationary vibration can suddenly become an ex- 
ceptionally powerful wave generator, and thereby 
lose in an instant its whole motion of vibration by 
transference to the surrounding medium in the form 
of progressive waves. This case is a ver impor- 
tant one, and we will consider it here as briefly as 
possible. When a column of an aeriform medium 
18 in stationary vibration, the oscillating segments 
into which the columii is ‘broken up ‘rebound from 
each other and transfer their motions mainly among 
themselyes in an; equilibrium of motion, But when 
fromany cause the equilibrium of the vibrating 
column is upset at any point, and any of the seg- 
ments thereby become displaced, so that an oscillat- 





ing segment instead of encountering an adjacent 
segment moving in an opposite’ direction to itself, 
encounters a portion of the medium in its normal 
state, then this segment will instantly transfer its 
movement of oscillation entirely to the medium in 
the form of a progressive wave which the medium 
will c off. The next adjacent segment of the 
column then having no segment to rebound from, 
instantly transfers i¢s movement of oscillation to the 
medium, and so on with all the segments of the 
column progressively. Thus the loss of oscillatory 
motion by a single segment involves the sudden loss 
of oscillatory motion by the whole column, or the 
process consists in the sudden resolution of stationary 
waves into progressive waves. 

4. This special mode of action may perhapsbe made 
more obvious if we imagine the case of two elastic 
spheres rebounding backwards and forwards from 
each other, and controlled by two plane surfaces. 
Then the spheres continue to exchange motion 
among themselves. - But if one of the oscillatin 
Fm be displaced laterally from any cause, an 
thus instead of striking against a sphere moving in 
the opposite direction to itself, the sphere strikes 
against a third sphere at rest (i.e, which has no 
oscillatory motion), then the colliding sphere will 
suddenly lose its whole motion by transference to 


the motion toa distance. Soan oscillating segment of 
an aeriform medium, so long as it encounters an- 
other segment moving in the opposite direction to 
itself, the two segments continue to exchange velo- 
cities ; but if from any cause any of the segments 
be displaced so that a segment impinges against a 
portion of the medium in its normal state, then this 
segment instantly transfers its movement of oscilla- 
tion entirely to the medium, = 80 Rey with the 
next segment progressively ; and thus the stationary 
vibrations of the whole column are suddenly lost by 
transference to the adjacent medium in the form of 
rogressive waves. A stationary vibration of aeri- 
orm matter therefore affords the means of accu- 
mulating a large store of energy in equilibrium, and 
under such conditions that a small disturbance at 
any one point suffices to resolve the whole into pro- 
ive waves by whose action a forcible dynamic 
effect may be produced. 

5. We observe im the case of the electric spark 
that just before the spark breaks the terminals are 
urged together with the maximum energy, and the 
stationary vibrations of the ether column with the 
attendant rarefaction of the axis have therefore 
attained a maximum naar. The sole conceiv- 
able explanation of the spark may therefore be given 
as follows: 

sai, the lateral, bulging of the contsal, pasta of 
tensity, the late ing o e centra! rs) 
the column due to the pressure of the longitudinally 
vibrating segments increases. is process must 
evidently have a limit, for as the pressure and 
attendant bulging of the column increase, the column 
(owing to the curvature of its sides) becomes less 
and less capable ‘of propagating this pressure, and 
must at length lose its equilibrium; or, in other 
words, when the bulging of the column has attained 
a certain degree it becomes no longer capable of 
propagating the longitudinal pressure due to the 
vibrations of its segments, and its. equilibrium is 
suddenly upset, just as an arch when built up until 
the side walls nearly attain the perpendicular is no 
longer capable of propagating the longitudinal 
thrust and loses its equilibrium. The illati 
segments of the column would, by the loss of its 
equilibrium, suddenly lose their mutual support and 
therefore come in collision -with the. adjacent.and 
surrounding ether, thereby transferring . instantly 
their movement of oscillation to the ether in the 
form of progressive waves, the, whole column be- 
coming suddenly a powerful wave generator. Since 
the column was vibrating radially about..an axis, 
the waves would be propelled aa att the 
axis; the external ether pressure,also coming into 
play and propelling the now unsupported column 
towards the rarefaction at. the axis, Also since the 
volume of the ether over which the energy of 
the wave is spread diminishes to a line at the.axis, the 
converging wave would attain a high intensity at 
the axis, producing by the, forcible Wystory dis- 
turbance of the ether (and partly. perhaps by the 
disturbed molecules of air) a luminous line or spark, 

The light of the spark might well.,be solely due to 
the vibrations of the mass-of ethef atthe axis ; an 
oscillating mass of ether being capable of generating 





* See preceding article, + See preceding article, 


waves in the ether and thereby neroming Muneaets 
just as an oscillating mass of air is capab: of gene- 


the other sphere, and this latter sphere will carry off | the 


rating waves in the air and thereby —- 
sonorous. It is probable, however, that the 
molecules have also a in the light emitted, since 
these molecules would be naturally shaken into 
powerful vibration by the collision of the converging 
"6. The diapla oscillating 

6. isplacement of the ing segments 
of the column when its er is upset im- 
mediately previous to the g of the spark 
would naturally displace the rare axis, each 
annular segment then pro ting its dynamic wave 
to its own axis, thus producing the jagged or zigzag 
rp observed. Of course before the spark breaks 

e conditions al 9 yer would require that the 
rarefied axis ge be : ight. The simultaneous 
appearance of the spark and its jagged form (indi- 
cating a displacement of the axis) are \iistore 
perfectly consistent. 

7. We previously inferred as a necessary de- 
duction that the form of the vibrating column of 
ether was bulging towards the middle much in the 
form of an elongated ee If the space between 
the termiaals of an induction coil placed just beyond 
striking distance, be observed in a dark room, the in- 
cipient flashes indicating the disturbed ether space 
between the terminals will show much the form of an 
elongated sphere, whose longer axis is in the line of 

terminals. Also the disturbed illuminated space 
will be observed to bulge outwards, or e d just 
revious to the spark breaking, indicating the lateral 
ulging of the column due to the intepsified longi- 
tudinal and radial oscillations of its segments imme- 
diately previous to their equilibrium being upset. 

8. The Lightning Discharge.—The above con- 
siderations of course apply to the flash of lightning 
(the spark on a large scale), and here we have a 
magnificent physt illustration of the power and 
energy enclosed by the ether, the disturbanée of 
whose equilibrium can produce such tremendous 
no ae wie those observed — — 
without such qualities possessed ether w: 
be totally inexplicable. “ea 

9.. The effects of lightning are surely most re- 
markable, resembling often much the effects of 
an explosion of gunpowder, the most rigid’ struc- 
tures being frequently overthrown, and solid 
masonry shattered to ents. The complete in- 
competency of recognise A yes facts to give an 
realisable explanation of mode of production 
these forcible mechanical effects points distinctly to 
the existence of an unknown power, or to the 
existence of a powerful » agent whose 
qualities are unrecognised: The remarkable ‘and 
striking character of these effects surely demands an 
explanation, and calls for a serious. a to, look 
to the existence of physical conditions adapted to 
produce the observed results. Even independently 
of the grounds already adduced, and unavoidably 
leading to the conclusion that’ the ether is the agent 
concerned, the following considerations by them. 
selves would be sufficient to show this in an almost 
obvious light : for, firstly, putting aside the idea of 
a fluid, or of anything 1 (which. no. one 
seriously entertains), it must be perfectly. obvious 
that the effect observed, such as the overthrow of a 
piece of masonry, can solely be due to the disturbance 
of the equilibrium of some agent already existing 
about the masonry; and moreover it. is, perfectl; 
certain that the agent concerned must possess 
qualities that a disturbance of its equilibrium is 
competent. to produce a powerful mechanical. effect. 
Since the air is not the agent concerned, what choice 
have we but the everywhere present ether to which 
to refer the effect ? ether therefore must enclose 
a vast store of energy to a high intensity (as already 
deduced on independent grounds), or must:(be a 

werful dynamic agent exerting a ge pressure, 
for otherwise the disturbance of equilibrium 
would a ge ood petiones TH * manne ee en 
not. possibly uce the forei! ects. 
observed, Surely if physical facts are competent to 
teach anything, the remarkable phenomena of light~ 
ning should be capable of conveying .a practical 
lesson of some: kind. The real fact-is. that these 
effects when fairly analysed and thoroughly examined 
into (without which the most convincing Soe 
proofs must, fail in their teaching), constitute in them- 
selves the. most direct and irrefragible proofs 
of the power.and, energy enclosed by the ether, 
silent in its normal state, but e. when. its 
equilibrium is disturbed ; for these striking mecha- 
nical effects admit of no other conceivable a 
tion-whatever. It may indeed be- said that 
there exists a superfluity of proof, forthe one fact 





of the appearance and disappearance of the flash - 
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with a velocity only comparable to that of light, by 
itself is sufficient to prove that the ether is the agent 
conoerned ; the ether being the one known agent 
existing about the structures affected, and which is 
competent to recover its equilibrium with such a 
velocity as this (as indica’ MA the known speed 
with which it recovers its equilibrium in the act of 
pro ting a wave of light). Moreover, putting 
aside the idea of ee jected, the very fact of 
the inferior of thesu ces affected being disturbed, 
such as the interior of a tree for example (when split 
into fibres), indicates that something is distur 
which already pervades the interior of the tree, as 
the ether is known to do. 

10. We observe, therefore, that before the dis- 
charge takes place, or so a as the column of ether 
is in stationary vibration, the oscillating segments 
of the column exchange motion among themselves 
and balance each other's effects, so that beyond the 
static effect of the ether pressure (or ‘ attraction”) 
due to the rarefied axis, there is nothing perceptible 
to the senses, a perfect equilibrium of motion exist- 
ing. But when the equilibrium is upset and the 
radial stationary vibrations become progressive (or 
the whole accumulated static energy of the column 
becomes suddenly dynamic) and a powerful wave 
augmenting in intensity in its progress converges 
towards the axis and rebounds there, then the most 
powerful mechanical éffects may be produced. 

11. When an object such as a tee’ is struck by 


lightning, the tree is in the line of the axis of the | 
rarefied column of ether before the discharge takes | 


place. The tree, therefore, when the — 
takes place forms itself the very centre or axis of the 
disturbance. It would be legitimate to conclude 
from a consideration of the physical conditions in- 
volved that the most forcible mechanical effect 
would be produced in a direction transverse to the 


line of the flash ; for when the equilibrium of the | be 

stationary vibrations of the ether column are upset | 

and the diacharge takes place, the convergence of a 
all sides towards the axis (where | 


powerful wave 








AN 
the tree is situated) would first 


and forcible condensation of the 
ether along the axis of the tree, 
and then instantly this wave 
would rebound with the velocity 
of light transversely throvgh the 
tree on all sides, splitting it into 
fibres, as in the observed fact. 
The of the wave would 
also shake the molecules into 
vibration, and the tree might 
thus be set on fire. The ob- 
served effects of lightning are 
in Sy mane mechanical harmony 
with the nature of the physical 
cause, the disturbance of the 
ether which inal matter, 
scattering the inte parts in 
all directions ; indeed, no more 
searching means of disturbing 
the inte or interior of 
a mass of matter could be con- 
ceived of than that of disturb- 
ing the ether which pervades the 


rium is upset 





cumulation of en igi 
volume of the othe is 


produce an extremely violent | 


mass. 
12. If we regard the question from a mechanical 
point of view, it will be evident that a stationary 
vibration of aeriform matter is the very condition 
required to produce such an effect as that observed 
in the flash of lightning; for the special mode 
of motion constituting a stationary vibration 
enables a vast accumulation of en 
lace under such conditions that when its equili- 
& in any one point, the whole ac- 
cumulation of motion is suddenly resolved into pro- 
gressive waves ; also the very fact of the conditions 
of equilibrium requiring that the vibrations should 
concentric about an axis, causes these progressive 
waves to converge towards an axis, whereby an ac- 
spread over a large 
y carried towards an 





‘Fig. 3: 
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axial line with the velocity of light, a physical con- 
dition mechanically well adapted to produce the 
explosive effect observed in the flash of lightning. 





STEzt Rais oN THE CUMBERLAND Vatiey.—In the 
Railway Company 


to take | course of last 
laid down 1008 tons of steel rails upon it i : eee 


another 100 tons. T were in 

tween Harrisburg and White Hill, where rails are subjected 
to much harder service than in any other part of the road. 
These rails have been in use ever since and they are still in 
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BOILERS OF H.M. SCREW CORVETTE 
(For Description, see Page 228 of our last Number.) 


THE BARRAGE OF THE NILE.—No. V. 


WE have endeavoured to deduce a new formula 
which shall more closely express the results of mo- 
dern observations as to the discharge of the Nile 
than Lombardini’s. There is some difficulty in 
making use ef the readings on the barrage gauge, 





Wr z 
QQ 0 ee eS ee ee 


Fig. 8 


“ROVER.” 





at different portions of the Damietta branch. Allow- 
ing for the time required for the water to flow down 
the river, the records of the readings on the Nilo- 
metres at Rhoda and at the First Cataract 600 miles 
higher up stream, showed clearly that the true rise 
at the barrage must have been 1.50 metres, We 
have applied similar corrections where necessary, 
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because the true rise of the river has to be elimi 


nated from that due to the manipulation of the 
sluices. Thus on June 27th, 1873, the appparent 
rise in the main stream above the barrage was .99 
metre, whilst below the same the rise was 1.50 to 
1.80 metres in the Rosetta branch, and .54 to 1.64 
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and find that the following formula expresses very 
fairly the quantity of water flowing down the Nile 
near the barrage, with various heights of flood : 


g=200 (a+1) +150 
when g=the quantity in cubic metres per second 





and athe height of the flood in metres above 
true Low Nile. 

In the following Table, column a gives the dis- 
charge deduced from Lombardini’s formula, column 
6 that derived from the proposed formula, and 
column ¢ the measured discharges in a few instances 
ag special care was taken to insure accurate re- 
sults. ‘ 


hentia 




















Height of | Discharge in Cubic Metres per Second. 
metre a b ¢c 

a=0 q= 442 356 355, 397) a=0 to 
a=1 = 1,165 846 415,'460 40 
a=1.5 q= 1,606 1,191 1155 

a=2 q= 2,090 1,595 

a=3 = 3,179 2,575 

a=4 = 4,411 3,774 

a=5 q= 5,770| 5,182 

a=6 q= 7,246) 6,789 8166) _ 

fa=7 q= 8,829 8,595 9460 7to 8 

a=8 q=10,514| 10,589 9740 

a=8.5 q==11,390| 11,656 

compen High Nile discharge at Gebel Cilcilly 12,700 

cubic metres.) 
We have now before us all ne data both 


cessary 
as the average heights of the Nile floods 
year by year or day by day, and the volume of 
water co nding to those heights, to enable us 
to form an adequate estimate of the momentum of the 
floods at the barrage. 

Assuming that the water is allowed to flow over 
the upper edge of the sluices as a weir, we may 
pve” parte the horse power contained in the 
falling water, for it will be ay gy by the equa- 
tion H.P.=4 g 4, where g as before is the quantity 
in cubic metres secend, and A=effective height 
of fallin feet. The latter height will be the dif- 
ference in the level of water above and below bar- 
rage, which our formula and the ordinary formula 
for weirs enable us readily to ascertain. It will 
suffice here to tabulate the results as regards this 
horse power exerted (see next page). 

Glancing back now at our records of the heights 
of flood we see that the moment the barrage sluices 
are brought into full operation, we at once conjure 
into existence a force of from 23,000 to 104,000 








horse power, which enormous force may, accordin 
to the circumstances of the case, either expen 
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Height of Flood.| Depth on Crest. || “orge ower in 
metres. in. 
0 17 23,000 
1.0 30 45,000 
1.5 38 56,000 
2.0 46 67,000 
3.0 63 88,000 
4.0 82 104,000 
8.5 z= sluices open 33,000 





itself harmlessly in fluid frictionor work day and night 
without an instant’s cessationat the destruction of the 
structure which has called it into existence. At Low 
Nile, as we have seen, the water would hammer 
away ata mass of imperfect béton unprotected by 
a water cushion, and the singularly destructive 
action of such a force has been too well proved both 
in existing canals and in breakwaters, where from a 
bad contour the waves have broken on the stones 
instead of on the water. At High Nile, or rather 
immediately before the sluices are raised, the action of 
the water would be similar to that of a heavy ground 
swell, and here again we have a force the action of 
which it is difficult to over-estimate. At Wick break- 
water a mass weighing no less than 1350 tons was 
shifted bodily in the winter of 1872, and blocks of 
80 tons were rolled about like empty casks during 
the continuance of a heavy ground swell. 

That the destruction of the apron of the barrage 
under the action of the falling water would be not 
merely a theoretical probability, but a practical cer. 
tainty, may readily be proved by reference to other 
works of a similar character. It would be impossible 
to refer to an existing work in which the same action 
could be observed in operation, because after a very 
few hours’ continuance such work would cease to 
exist. We may, however, refer with advantage to 
one or two instances in which a very greatly reduced 
action of a similar kind has induced failure of works, 
and the Ganges Canal unfortunately affords but too 
many examples of this class. 

Some ten years ago Colonel Crofton, R.E., re- 
ported in considerable detail on the condition of the 
works on the Ganges Canal, and in that report we 
find ample evidence to mp rt our conclusion. The 
destructive action of falling water or of water 
travelling at a high velocity is well illustrated in 
the instance of the Muhmoodpoor Fall, of which 
Figs. 1 and 2 on the preceding page are respectively 
a plan and section, Colonel Crofton observes 
that the action of the water at this fall appears to 
have been most violent, and the injuries to masonry 
and chapnel most serious. The — in all the 
chambers was more or less extensively ploughed up; 
in the left chamber the floor, the least thickness of 
which is 6 ft., was cut b a through, and a hole some 
15 ft, deep eroded in the sandy substratum ; but it 
should be noted that the brickwork under the brick 
or edge paving was found to be very inferior ; the 
masonry of the ogees was comparatively little in- 
jured owing to ita better construction and the less 
violent action of the water there; in places, how- 
ever, the floor at the top of the o; » where the 
water falls over the temporary weir from a height 
of 4 ft, or § ft., was stripped of its brick or edge 
covering. These latter injuries were repaired by 
a fresh coating of brick on edge covered with plank. 
ing to protect the green masonry from the scour of 
the water. The holes in the flooring were filled up 
with hard material, on which was laid sound brick- 
work, sandstone from the Delhi quarries formed the 
covering over all in the most exposed portions, the 
rest being faced with brick on edge as before, on 
which were fastened down bars of wood and iron to 
secure it from being torn up before the mortar had 
time to harden properly, as it was necessary to turn 
the water into the Cheal with as little delay as possible 
after the completion of th irs; with the view of 
diminishing the scour over the injured parts, tem- 
porary weirs were constructed, as shown in the dia- 
gram, across and close to the extremity of the floor- 
ing. The hole in the bed below the tail revetments 
is, as will be seen by a reference to <he longitudinal 
section, somewhat deeper than the lower founda- 
tions of the work, though the well foundations were 
here carried down to a depth of 32 ft. below bed 
level. ‘To prevent further erosion, a temporary 
weir was thrown across the channel a few hundred 
feet lower down. It is remarked further by Colonel 
Crofton that the curved revetment walls cause 


violent eddies by which the bed and banks below 
are in every case extensively eroded. 

The injury to the Jaolee Fall was little less 
serious than to that at Muhmoodpoor. 


The brick 


on edge covering was in places bulged upwards, as 
if blown up from below, and water was seen to spurt 
through side walls 3 ft. or 4 ft. above the floor- 
ing. After segeiring the floor, notwithstanding 
every care, blocks of stone weighing from 13 cwt. to 
15 cwt. were washed out when the water was re- 
admitted. On the other hand, the Nirgajnee Fall 
and others, though constructed of far inferior ma- 
terials, stood well, and their salvation Colonel 
Crofton attributes solely to the ter depth of 
backwater on the apron. This conclusion is justified 
by the fact that the injury to the falls occurred 
generally when the flow down the canal was low, 
and when consequently the depth of backwater was 
less than usual, The ploughing up of the floor 
has, with few exceptions, been observed to com- 
mence at the point of greatest scour or meeting- 
place of the backwater with the stream shot off the 
ogee curve. To show what brick on edge facing 
will stand if of first-rate material and workmanship, 
Colonel Crofton states that at the Ghoona Fall on 
the Eastern Jumna Canal, where the drop is 8 ft., 
he found the velocity of the current on the lower 
flooring below the ogee curve to be 15 ft. per 
second, and at the Belka Fall on the same canal, 
where the drop is 15 ft. in two descents, one over 
an ogee curve, the other immediately in advance 
down an inclined plane, the velocity at the foot of 
the latter was not less than 20 ft. per second. At 
the Muhmoodpoor Fall the velocity could hardly 
exceed 14 ft. per second, and yet, as we have seen, 
the floor was entirely destroyed. However good 
the material the scour of water travelling at a high 
velocity must inevitably wear the apron away, and 
necessitate frequent renewals and repair. For this 
reason a vertical drop is in every respect preferable. 
On the Baree Doab every fall with one exception was 
so constructed, and the exception was the only one 
causing trouble. A vertical fall, with a cistern of 
sufficient width underneath, is, Colonel Crofton con- 
siders, undoubtedly the best form, and in this he is 
supported by every engineer of experience. The 
beck water can thus expend its violent action upon 
the cushion or buffer of water, and be comparatively 
powerless to cause erosion after leaving the solid 
masonry portion of the fall. To further assist in 
breaking the force of the water Colonel Dyas added 
the well-known ting to the vertical fall with 
water cushion. This grating consists of a number 
of wooden bars resting on an iron shoe built in the 
crest of the fall, and on one or more cross beams. 
These bars are laid at a slope of 1 in 3, and are 
of such length that the full supply level of the canal 
tops their upper ends by 6 in. n the Baree Doab 
Canal, where the depth of water is 6 ft. 6 in., the 
bars are 9 in, deep by 6 in. thick at the lower, and 
3 in. at the upper ends, As the timbers touch at 
the lower phe a number of wedge-shape openings 
are formed, through which the water falls gently, 
and since the bars are undercut like gully gratings 
there is little difficulty in keeping them clear of 
deposits of all kinds. Colonel Dyas made the depth 
of cistern below the fall equal to the product of the 
a root of the height of fall, and the cube root 
of the depth of water in the canal, and he claimed 
that all cisterns with depths so obtained have 
answered admirably, never having required the 
slightest repair since they were built. 

The comparative cross sections of the Nile below 
the bai published with our first article illustrate 
very forcibly the remarkable erosive action that fre- 
quently follows the construction of a bar of ma- 
sonry across a river bed, even though it be level 
with the normal bed, and the same effect is exem- 
plified by the section through the Machooa Bridge on 
the Ganges Canal, which we give in Fig. 3, page 245. 
To prove that the strongest construction will not 
avail if the principle of the design be ‘wrong we 
need only refer to what happened at the Low Water 
Basin, Birkenhead. 

The arrangements for sluicing and clearing this 
basin of deposit included two tunnels or es 
each 30 ft. in width, connecting with the t float 
at one end and terminating in 20 sluices of the joint 
area of 826 ft. at the other end. The division walls 
between the sluice passages were 9 ft. thick, built of 
large blocks of granite, and generally the masonry 
connected with the entire work was of wrought 
ite, smooth-dressed and carefully built. In 
t of the sluice openings was an apron 80 ft. 
wide supported by three rows of sheet piling and 
formed of large blocks of stone 5 ft. and 3 ft. in 
thickness. On the occasion of the first trial of the 


chamber first mentioned, as shown in Fig. 3, 


ing and the level in the great float was 14 ft. 3 in, 
higher. With the latter head Mr. Ellacott de- 
scribes* the condition of the water on first leaving 
the sluices as that of “‘a rushing torrent of white 
foam, through which and between the central sluice 
apertures, occasional glimpses were caught of the 
stone apron below. Commencing on one Side of 
the basin, the lines of direction of the current 
tended with a boiling tumbling motion towards the 
opposite side from whence they set out. In their 
course towards the river the tendency was to oscil- 
late from side to side, forming for the most part a 
series of long curved lines much broken into and dis- 
torted by an irregular action groom toa on 


in the central spaces between them. hile the 
main current, increasing in breadth as it approached 
the river, would be running in a series o nds at 


the rate of eight miles an hour and upwards, the 
intervening portions would be moving slowly and 
irregularly in various directions.” Between January 
and November, 1864, the sluices were opened on 56 
days for a period in all of but 223 hours. The 
total quantity run off was estimated at 8000 million 
gallons, which is equivalent to 440 cubic metres per 
second, or the ordinary Low Nile discharge. Al- 
though the masonry was of such excellent quality 
and massive proportions, and the total period within 
which the rushing water could exert its influence 
was less than a day, the damage to the works was 
most serious. Not only were portions of the stone 
apron washed away and the sheet piling at its edge 
exposed, but a large quantity of the floor imme- 
diately at the back of the sluices was torn up and 
the concrete and piling laid bare in places. In 
August the highest mean head of water in any 
sluicing operation was 24 ft. 4 in., corresponding to 
a velocity of 32 ft. per second, or nearly 22 miles 
per hour through the openings. Mr. Ellacott ob- 
serves that ‘‘ the power let loose was of immense 
force, and a feeling arose that some great and sud- 
den calamity, unforeseen and uncontrollable, might 
at any moment arise.” It is hardly necessary to add 
that the cessation of all sluicing was immediately 
decreed. 

We have now shown how, with a gently curved 


pogee fall of but 8 ft. drop, the aprons of the Muh- 


moodpoor and other falls on the Ganges Canal, very 
similar in respect of material and workmanship tv 
the barrage apron, were torn up and destroyed by 
the very moderate flow of water down the canal, 
and we have further shown that even the most ex- 
— constructed works have had to be aban- 

oned after less than a day’s action in all of a current 
of water of no greater volume, though travelling it 
is true at an exceptionally high velocity. We have 
also fully described the present state and the mode 
of execution of the apron. If due regard 
be given to the evidence advanced, we think it will 
be conceded that the system of sluices adopted at 
the barrage merits the condemnation awarded it, 


inasmuch as was maintained in our last article, 


‘whether the water were allowed to topple over 
the closed sluices as a weir on to the rotten founda- 
tion some 20 ft. below, or by lifting the sluices a 
little it were permitted to rush underneath in imme- 
diate contact with the béton, the pommelling and 
tearing action would be alike destructive to the in- 
tegrity of the foundation.” 








FRISBIE’S FEEDER AND GRATE. 

WE illustrate on page 244 Frisbie’s feeder and grate as 
applied to a Roots boiler at Messrs. Cadbury’s works, Bir- 
mingham, the arrangement being one which has now been 
fairly tested with very satisfactory results. The chief fea- 
ture in Frisbie’s feeder is that the fresh coal instead of being 
thrown on the top of the fire, is supplied from the underside, 
and thus the gases evolved from the fresh fuel have to 
traverse the incandescent mass above. The principle is, in 
fact, the same as that involved in the Arnott stove, intro- 
duced many years ago for domestic fireplaces, and the effect 
is to keep a bright surface to the fire while the arrangement 
also offers special facilities for burning slack coal. 

We have said that in principle the Frisbie feeder re- 
sembles the Arnott stove, but the mechanical details of the 
arrangement are entirely different. Referring to our en- 
graving, it will be seen that the Frisbie grate is circular, 
and it is so mounted that it can be turned round as required, 
and all parts thus successively brought to the front to be 
cleared of clinkers if necessary. In the middle of the 
grate is a circular opening communicating with a short 
cylindrical chamber, through which the supply of coal is 
delivered. Mounted on a pair of levers which turn on 
fulcra in the ash-pit is another cylindrieal chamber or 


hi either be brought directly under the 
hopper which can either ugh L agasing af 








sluices the depth of. water in the Low Water Basin 
was 17 ft. 3 in, above the centre of the sluice open- 








* Proceedings Inst. C.E., vol. xxviii., p. 526. 
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swung forward to receive a fresh charge of fuel az shown in 
Fig. 1. When in the latter position, the bottom end of the 
fixed chamber is closed by a suitable apron cast in one 
piece with the movable hopper as shown. 

The movable hopper is fitted with a piston which, when 
forced upwards, thrusts the coal out of the movable hopper 
and delivers it into the fixed chamber, hence causing the 
fuel, which was: previously in the latter, to be discharged 
under the fire on the grate: ‘The cycle of operations is as 
follows : Supposing the parts to be in the positions in which 
they are shown in Fig. 1, the piston will be at the bottom 
of the movable hopper and the latter can thus be filled with 
ccal, By turning the handle shown at the side of the ash- 
pit, the cranksbaft in the latter is made to revolve, and in 
so doing two arms on it draw the movable hopper inwards 
and bring it directly under the chamber in the centre of the 
grate. The continual rotation of the shaft causes the arms 
just mentioned to disengage from the notches in the links by 
means of Which they bad drawn pack the hopper, while at 
the same time a@ central crank earrying a friction roller 

ins to rise and act upon a Jeyer connected with the 
hopper piston, pushing the latter upwards and discharging 
the fuel as we have already exjlained. When fully raised 
the piston is held by @ catch which engages the end of the 
elevating lever as sbownin Fig. 3. This catch holds the 
piston in its raised position until the hopper is swung for- 
ward to receive another charge, when the catch strikes 
against a bar at the front of the ash-pit and disengages the 
elevating lever, allowing the piston to fall as shown in Fig. 1. 
The whole arrangement is simple and ingenious, ard little 
likely to get out of order. 

Our engraving, as we have said, shows the apparatus as 
applied to a Roots boiler, but it is, of course, also applicable 
to other types of externally fired boilers, and to brewing 
coppers, &c. Of the performance of the arrangement we 
have received very satisfactory accounts. Amongst other 
places one of these grates has been in use fer four years at 
the works of Messrs. Glydon, Shorthouse, and Glydon, of 
Birmingham, and they speak highly of its efficiency. The 
Patent Steam Boiler Company, of Birmingham, have also 
made a number of experiments with it, and when using 
common fine slack they state that it gives 25 per cent. 
higher evaporation than hand firing. The results as re- 
gards the avoidance of smoke are, also, as may be ex- 
pected, very satisfactory, and altogether the arrangement 
—which we may state is being introduced by Mr. J. M. 
Holmes, of Town Hall Chambers, Birmingham—is one 
well worth attention. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change [at Middlesbrough. The tone 
of the market was much better. At the opening it was re- 

rted that prices were the same as on the previous week, 
Coes based on No. 3 selling at 47s. 6d. per ton. It was 
however soon found that this quality of iron could not be 
purchased at the figure mentioned. It transpi that 
within the past few days thousands of ‘tons of No. 3 had 
been sold at rather more than 48s. per ton. On ’Change a 
member of a leading firm declined 48s. 3d. for No. 3, and he 
and ear Lae: makers declared that they would not dis- 
pose of that quality for less than 48s. 6d. per ton. Some of 
the ‘‘ bears’’ on the market quoted 47s. 6d. per ton, but we 
could not hear of any iron being sold at that price. The 
leading makers believe that as the shipping season advances 
they will get better prices for their iron, and they are there- 
fore in no hurry to book orders. 


The Finished Iron Trade.— Continued depression 
characterises the finished iron trade. No rail orders can 
be obtained, and the prospects are of the gloomiest descri 
tion. Towns like Darlington, Stockton, and Middlesbrough, 
which depend so much on the iron trade, are feeling the 
effects of the depression. 


Stoppage of the Britannia Iron Works.—The Britannia 
Iron Works, Middlesbrough, are again thrown idle. The 
company have been unable to procure orders, and have, 
therefore, been compelled to close their extensive works. 
It is “Ee to form any opinion when work is likely to be 
resumed. 


Cleveland and Steel Rail Making.—We pointed out a 
few weeks ago that the only hope of an early improvement 
in the rail trade of the Cleveland district was the discovery 
of some means of making steel rails at a cheap rate from 
Cleveland iron. The problem is at present occupying the 
attention of clever men, and it is hoped that its solution is 
at hand. On Monday last the annual meeting of the share- 
holders of the Darlington Iron Company was held, and Mr. 
Joseph Dodds, M.P., the vice-chairman, presided. That 
gent eman, after speaking about the affairs of his company, 
said, “a great deal had lately been said about steel rails. 

+ was a most important matter, but experiments had 
been in progress for some time with reference to Cleveland 
iron, and he believed the results were ef a most satisfactory 
character, Those experiments had been conducted partly 
by Mr. Isaac Lowthian Bell, M.P., than whom no one was 
on able to i a gee 4 that ae Mr. Bell was 

rosecu experiments, which up to the present time 
promised successful results as far as the pig iron of Cleveland 
was concerned. Only on Friday last he was invited by Mr. 
Harrison, the engineer of the North-Eastern Railway Com- 
pany, to see some iron that had been produced by the system 
patented by Mr. Bell, and which he was endeavouring to 
mature, and he thought he might say that Mr. Harrison, 
who was not generally of a very sanguine mind, entertained 





the most sanguine hopes that those experiments would be 
entirely successful.’’ , 


The Iron and Steel Institute-—This week this flourish" 
ing Institute held its annual meeting in London, although 
the birthplace of this Institute is Middlesbrough. We give 
= account.of the interesting proceedings in another part of 

e paper. ae eS) 


ingis far from 
beet @ few launches on 

, nothing, however, in these 
branches of trade requiring special mention. 
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HEFFIELD, Wi . 

The Proposed Reduction of Miners’ Wien Oe ten. 
day a large agree ara weet Sey Meee into 
South Yorkshire and North Derbyshire Miners’ Associa- 
tion was held at Barnsley for the purpose of considering 
the reqnest of the district coalowners that the whole of the 
miners should submit to a reduction of 15 per cent. in 
It was , i send a 
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wages. after a long » to 
‘| deputation to confer with the masters on the subject next 


Monday, About 25,000 men are affected, and there seems 
at present every probability of a strike. 


Large Production of Bessemer Steel.—At the Phoenix 
Bessemer Steel Works of Messrs. Steel, Tozer, and 
Hampton, Rotherham, between 10,000 and 11,000 tons of 
Bessemer steel have been produced since January 4th last. 
In one week 1120 tons of ingots were out from two 
4 ton and two 5 ton converters, but this is nothing com- 
pared with American practice. One pig iron and one 
spiegeleisen cupola were used in each pit. As much as 900 
tons of rails have been rolled in a week in one 22 in. mill 
by the same firm. 


Improvements at the Milton Iron Works, Elsecar.—The 550 f 


local correspondent of the Sheffield He oe states that a 
number of Mr. Stanley’s patent steel and puddling furnaces 
are being erected at the Milton and Elsecar Iron Works of 
Mr. George Dawes, under the patentee’s personal super- 
vision. 

Lead Mining in North Derbyshire.—At the annual meet- 
ing of the shareholders of the Mill Dam Lead Mining 
Company, North Derbyshire, held in Sheffield yesterday, 
a dividend of 63 per cent. was dec , which division of 
profits repays the whole of the subscribed capital to the 
shareholders. The mine is now free from water, and pay- 
ing well. 

Reduction of Bessemer Steel-Workers’ Wages. — The 
Bessemer steel-workers of Wilson, Cammell, and Co., Dron- 
field, near Sheffield, have accepted. a reduction in wages of 
10 per cent., commencing with the present week. 


The Whittington and Sheepbridge Colliery Company. 
—The second annual report of this company states that the 
Silkstone drift has now been driven to the boundary, and 
the levels are being proceeded with, so that at any time 
the coal can be got in any quantity. In consequence 
of the heavy rains last season just as the Silkstone drift was 
got down the pump was buried and rendered powerless, 
which delayed the progress of the works for-several months, 
iterates wea crivien Seabee seem 
manager m su r. Joseph Sp orpe. 
At the brickworks a double Batley” a iy been 

ut down, and an additional drying shed witha new kiln 
en been built. The siding to the Midland line has been 
completed, and is now in daily use. 


The Leeds New Railway Station Eatension—The con” 
tractors for this extensive work, Messrs. Dransfield and Co., 
of Manchester and Liverpool, have commened operations, 
and three mills (Nussey’s, Pearson’s, and Illingworth’s) are 
now being pulled down, thus clearing the ground from 
Neville-street to the River Aire. The whole cost of the 
work will be about 250,0007. When finished there will be 
three main platforms and two docks. The princi lat- 
form will be 1040 ft. long, and the others 770 ft. 0 
subways will be constructed into Neville-street, and an 
entirely new street will be made into the town ina line with 


the one © gern: Pm ea lines of one ¥ in 
widt . on ie presen boundary, 
i have’ been built for their 


laid down as soon as the arches 
support. 


NOTES FROM THE. SOUTH-WEST. 

Bridgewater.—At a meeting of the Bridgewater Town 
Council on Friday, the subject of the amalgamation of the 
Great Western with the Bristol and Exeter Railway Com- 

ny, and the proceedings before the committee of the 

ouse of Commons were to, and it was stated 
that the struggle between the Midland and Great Western 
Companies would be renewed in committee of the House of 
Lords. Contrary opinions were expressed as to the desir- 
ability or otherwise of the Midland Company having a 
joint. ownership and working of the Bristol’ and Exeter 
Railway, and reference was made as to the manner in 
which the use of —— —— would affect the — 
of Bridgewater. mayor, however, produced a copy 
a resolution adopted - he Great Western directors, at 
Paddington, on the 15th of March, and which stated that 
instructions would be given to the company’s not 
to make alterations in the present for S 
through the ports of Bridgewater and Dunball, soasto divert 
such traffic, and thus injuriously affect those ports, without 
communication with the ies interested, 

Newport (Alewandra) Dock.—Sir George Elliott pre- 
si a ial meeting, held in London, of the share- 
holders of the Newport (Alexandra) Dock Company. The 
meeting was convened for the purpose of ores | a Bill 
before Parliament. Sir George moved that the Bill be ap- 











proved. An amendment for the omission of a clause em- 
powering. the ae over the railways of other 
companies was moved but found no seconder. e motion 
was then agreed to. 
Tondu and Maesteg Iron Works.—It will be remem- 
bered that-thedronworkers in the mill departments of the 
ae onda Iron Works resumed work a few 
btion of 12} cent., on the distinct 
Committee should be formed, and a 
rices paid at the several works in Gla- 
mined, to guide the a and em- 
upon a new basis of wages. These 


their agents met rag hon hort - both 
ae met a ju on from 
8, to endeavour to agree upon the new basis. 


The de- 
was accompanied by Mr. tt Kane and 









favour of a m 


56 ft. ; but the 
have a depth 
ill at high-water spring tides. It 
will absorb the supplying kilns, and will extend inland, 
almost to the weigh! . The work is estimated to cost 
135,0001., and to take t years in construction. This is 
only a small of a scheme recommended by .a select 
committee of the House of Commons on the subject, which 
includes two docks at the north end of Keyham, one 
450 ay and the other 400 ft. long, and a basin 850 ft. by 
moot for tobting sad tapine the enite tae Ok comnen 
menced for cu an water pipes for conveying 
the water from the reservoir above Beaufort. 

The Sliding Scale Committee.—A meeting of the Sliding 
Scale Committee has been held for the purpose of consider- 
ing several grievances arising under the.recent award to the 
South Wales and Monmouthshire colliers. Several deputa- 
tions were present to represent the interest of those colliers 
who are dissatisfied with the reduction which has taken place 
in their wages. 

Portishead Doct ong fhe ree Western party oe 
opposition agai e Great Western Railway Company’s 
Bill now before Parliament has been withdrawn by the - 
directors of the Portishead ; as the Great W 
directors have substantially conceded all the clauses which 
the dock authorities req 6 

Bristol aud Exeter itis RAG is estimated that about 
30,0001. a will be saved the cost of working the 
Bristol and Exeter Railway by the Great Western Company 
managing it jointly with own system. 

North Cornwall and the Narrow Gauge,—The Railway 
Commissioners are likely to have submitted to them a ques- 


tion of very considera’ to the northern dis- 
tricts of Cornwall. At present all 


Exeter to 
Tasnoeston and ploene havendens tai to.one of two 
alternatives. ey must either be teons'd b oe 
circuitous as to double the actual distance, or they must be ' 


transferred from one set of trucks to another at Lydford, 
which is a, peocene nok only, ceety on. iteok. bas expores, So 


goods to risk of . tions of Launceston 
and Camelford, e, have memorialised Board of 
Frote ieee fo be bass hewweem 247 and 

unceston, thus admitting of goods being forv direct 
by the London and. South-Western Railway, instead of by 

Great Western Railway. : 

Rail-Straighteners at fe mee “A Neer men have re- 
sumed their work on the'same conditions as the straight- 
eners of Abersychan, viz., to work by the day until a de- 
finite settlement ean be arrived at. It is that 
orders — ‘on hand sufficient to keep the works going for 
some ‘time. 


The Tin-Plate Trade.—At a meeting of the tin-plate 


rs, 110 mills, held in Swansea, a resolu- 
tion has been in fayour of. the ce of work for 
one week in every three weeks, between the 8rd of and 
the 30th of June, and if necessary, as the pro- 


duction has for meraree, 8 Ered ary ope be demand. 
pacer ype nah were not present a‘ meeting e 
asked to adopta similar course. 

Torquay Main. Sewerage Works.—The Local Board cf 
Health have decided to carry out these works themselves, 
and the fact that they have agreod to pay a competent'man 
7501. a year to superintend t ne jo, seem to indicate 
that they are finally determi to carry the thing coz.- 
pletely throagh. 





Tur Frenon Coat TRADE.—Quotations for coal have 
ee arnt ts vicee nil ine wan tae ts 
it beine + apt enspe  P 
ay = lag > trade. "At Panis on 
close of the winter has induced considera’ 
the demand for. domestic qualities of coal, 


ae 


CANADIAN Rartways.—There has be scab ey? Pr: consider: 
able dev: of railway communication i 
ing the 25 years. In 1850, there were 
y in operation within the 
nion; now are iles, and 
carried over 4176 miles. worst of 
railways are terribly profitless affairs. 
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SCREWING AND TAPPING MACHINE. 
CONSTRUCTED BY THE PRATT AND WHITNEY COMPANY, ENGINEERS, HARTFORD, CONNECTICUT. 


CO 


We illustrate above a very neatly designed screwing and 
tapping machine, manufactured by the Pratt and Whitney 
Company, of Hartford, Connecticut, and now being intro- 
duced to this country by Messrs. Ch. Churchill and Co., of 
28, Wilson-street, Finsbury. It consists ofa revolviag cylin- 
der held in any desired position by a spring bolt, and mounted 
on brackets which slide to and fro on the bedplate of the ma- 
chine, this motion being communicated by a handle and lever 
to apinion working ina rack. Around the periphery of the 
cylinder are placed nine collets or dies, for cutting as many 
different sizes of bolts. The enlarged view of the die shows 
that the chasers are held in position by screws, and any 
one of them if dulled or blunted can be easily replaced. 
Instead ‘of the screwing dies, hollow milling dies may be 
used, for reducing the body of the bolts, pointing the ends, 
&c. On the spindle of the machine is mounted a universal 
cbuck in which the bolt is secured by a pair of jaws, motion 
to this chuck being given by means of the bevel gearing 
and the hand lever. For tapping nuts, a faceplate as shown 
is attached to the cylinder, perforated with holes of different 
sizes for holding square and hexagonal nuts, and the tap is 
secured between the jaws of the chuck. In this machine 
bolts or nuts may be screwed or tapped from 4 in. to } in. 
diameter. Similar but larger machines are also made by 
the Pratt and Whitney Company, the chief differences being 
that the cylinder is traversed by a handwheel instead of a 
lever, and the chuck spindle is geared to a second shaft car- 
rying a series of pulleys driven by belting. 








WOODBURNE'S REVOLVING SHUTTERS. 
WE annex engravings of some neat ments of re- 
volving shutters co Senn, feheon, Barnes, 
and Co., of the Canal Head Foundry, Ulverston, these 
arrangements having been patented by Mr. Henry Wood- 
burne. The chief o the improvements are to kee 
the shutters in an even balance whether up or down, an 
to insure their being maintained in a verti ition. The 
manner in which these ends are attained will be understood 
on reference to oe 1, 2, and 2a of our e vings. From 
these views it will be seen that to one or both ends of the 
roller shaft round which the shutters are coiled, is fitted a 
—_ pulley and a spindle. To the roller a two or more 
pered lugs a’ are fixed, as shown at Fig. 2a. A is the 
shutter, > is one of the grooved end pulleys, and c is one of 
gy ya ey V groove cut in it, as shown in 
ig. 2. The _— ¢ revolve in boxes D, and d is the top 
of one of the boxes made V-shaped to suit the spindle c. 
The boxes D contain oil or other lubrica 
are made of such | y req 
the distance the spindle has to travel, which distance is re- 
gulated by the length and thickness of the shutter. At or 
near one end of the box ) in which the spindles ¢ revolve 
is provided a guide or friction roller e, mounted on a spindle 
free to revolve in bearings formed in the side frames of 
rackets g, which are conveniently le in one with the 
boxes Das shown. Adjacent to this roller e there is 
another roller h which is preferably grooved. Round the 
grooved pulleys } on the shutter shaft, there are cords, 
— = bands = = a uo ny > 4 first 
brought to against the guide roller e and then to 
the quageed alter h, while from the end of the chain is 
the balance weight 1. 
ile the band or chain K ‘s winding on ge | 
from the grooved pulley or pulleys h the surface of tha 
which is unwound from its pulley } is kept up against 
guide roller ¢, and it is by this means that the motion 
i ted, because the guide roller e alwa 
band or chain, or in other words, _ 
le pulley e, as the 
. In this way the 
to and fro in 
box D in the direction necessary to coil or to uncoil, 
aud the band being always up against its friction roller e, 
as before described, the up and down motion of the shutter 
d ilitated, and theshutter always hangs vertically 
in the grooves or slides. 
A band or chain of onal thickness throughout may be 
» but it is preferred to employ a band which tapers or 











WOODBURNE’S REVOLVING SHUTTERS. 


CONSTRUCTED BY MESSRS. SALMON, BARNES, AND CO., ULVERSTON. 


diminishes in thickness, the ne of taper being pate 
shu 


ted 
according to the thickness ef roller or depth of r, 
and other circumstances as practice may dictate. It is also 
referred to make the band of leather or of metal and 
eather combined, so that the shutters can be raised or 
lowered without any appreciable noise. The taper chain 
preferred is made of Theet iron links punched out toa curva- 
ture, as shown, the radius being such that each lap or coil 
of the chain is struck from the centre of the roller carryi 
the chain ; the latter will thus always present an even an 
true edge surface to the friction pulley, and at the same 
time form the taper, as before ibed, each link being 
narrower than the next higher one, and each coil of chain is 
broader than the following outer one. In the engravings 
the balancing chain is shown on a pulley, which is so formed 
that the chain coils evenly, but with the friction and guide 
pulley — this is not of paramount im ce, and 
a plain round pulley might be employed ins’ a 
he arrangements illustrated provide for connecting 
the grooved pulleys to the shutter rollers, in such manner 
that the position of the pulleys may be adjusted when re- 
quired, for adding or diminishing the weight necessary to 
provide for the easy working of the shutter, thereby pre- 
venting any strain or jar when the shutter arrives at the 
end of its course. Fig. 3 is an end elevation of a shutter 
showing this arrangement, and also a modified 
ment of the frictionand guide pulleys previously referred to 
Fig. 4 is a corresponding front elevation showing one end 
of a shutter only. The front flange of the ved pulley 
b is removed in Fig. 3 in order more dooaiee to show the 
part to be descri In these views b is the grooved pulley 
which is formed with a » which is shown in 
dotted lines, and with its spindle c fits into a correspond- 
ingly shaped socket in each end of the shutter roller. To 
change the position of the grooved pulley it is only neces- 
sary to remove the latter from the socket and change it to 
the angle required. The band or chain k in this case passes 
by a friction pulley eand then over a guide pulley h, which 
me ty SSicessvaiht | taninnn to oon tes ceeane 
i i w the shutter 
roller towards the same side against the friction pulley e, 
on the spindle cis made to travel 
along the rail @ of the box D, ina manner similar to that 
described with reference to Figs. 1 and 2. Theshutter A 
in this case also passes over a gui Pes! m to insure 
that the shutter shall hang perpendicularly therefrom. 
Fig. 5 shows a modified a of chain, the first link 
zof which is made considerably more tapered than the 
others, and also for a greater length so as to form a spiral 








base for the chain to roll upon. In a similar manner the 
first or the first two lines of the laths of the shutter may be 
formed with a greater taper, as shown and described with 
reference to the chain. Altogether the arrangements we 
have described are well worked out; they are, we ma; 
mention, being introduced in London by Mr. Charles W. 
Hastings, of 8, Buckingham-street, W.C. 





Scrnpra STaTE Rartpway.—Messrs. "Glover and Co. are 
stated to have obtained a contract for the construction of 
the Scindia State Railway. The cost of the line is esti- 
mated at 500,0001. The line extends from Agra to Gwa- 
lior, and it will be 75 miles in length; it includes among 
other heavy works a viaduct across the river Chumbul con- 
sisting of 14 s of 200 ft. each, the piers being about 
115 ft. high. It is to carry the piers to a consi- 
derable height, as the river rises as much as 70 ft. during 
the monsoon. 


Socrzty or Arrs.—A conference on the subject of the 
health and sewage of towns will be held by the Society of 
Arts on Tuesday, the 9th of May next, at 11 o’clock, and 
continued on the following day. The object of the 
conference is to di existing information in connexion 
with the results of the systems already adopted in various 
localities, to elicit further information thereon, and gather 
and publish for the benefit of the public generally the 
— gained. The introduction of untried schemes 

ill, therefore, not be i. The discussion will be 
taken separately on the following divisions, with the various 
— of aT Sara have = tried :—(a) — 
carried sewage. (6) sewage. e arrangements are 
in the hands of an influential committee. A circular asking 
for information has been issued by the committee to the 
mayors, town clerks, chairmen and medical officers of 
boards of health, and other sanitary authorities throughout 
the kingdom. The committee desire to obtain the fullest 
possible information in reference to the different methods 
of dealing with the sewage in the respective towns and 
localities, and, in addition to the replies to the queries 

i to receive short papers or memoirs 

ience which may be supplied, 

from the principal towns of the 

conference is expected to be _— — 

These will be followed by a sanitary erence. 

to be held the ‘British Medfoal ‘and Secial. Science 

Associations, on the ensuing days, in the rooms of the 
Society of Arts. 
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We reproduce from the Revue Industrielle, a drawing 
and description of an air compressor designed by MM. 
Dubois and Francois, to drive drills for sinking shafts, 
and one of which is now in operation at Weérister, 
near Liége. The arrangement consists of an air reservoir 
of 280 cubic feet capacity, of which from one-fourth to 
three-eighths is occupied by the injection water, and the re- 
mainder by the compressed air. Two iron pipes, 2in. in 
diameter, conduct the air to the drills, which are four in 
number, and on the Dubois and Francois system. The dia- 
meter of the eylinder} is 3}in., and the stroke 7jin. The 
frame is formed of wood and iron, and has two vertical iron 
standards 3}fin. in diameter; each standard carries a hori- 
zontal screw, and the drill is mounted on a nut moving on 
the screw, and having a range of half acircle. During the 
period of blasting and extraction of the spoil, the frame and 
drills are lifted, and when at work it rests upon a timber 
substructure. The compressor is intended to deliver air at 
a pressure of 84 atmospheres. It is actuated by a steam 
cylinder 29}in. stroke and 13}in. in diameter, and the 
piston rod is attached direct to the piston of the compressor. 
The compressor cylinder has the same stroke and diameter 
as the steam cylinder, and the ends are inclined as shown 
in the section; they are fitted with two valves for the ad- 
mission of the air, and at each end there are two gun-metal 
valves arranged as shown. Into each end of the cylinder 
there penetrates the perforated extremity of a pipe, and 
through these, at every stroke, water is injected against the 
piston and the sides of the cylinder to prevent the heating 
due to compression. This water is not allowed to accumu- 
late beyond the level shown in the section, and, as mentioned 
above, an overflow being provided. The following advantages 
are claimed for the arrangement :—1. The area of the inlet 
valves is very large. 2. The water injection ceases at the 
moment when it becomes unnecessary, that is to say, when 
the air reaches in the cylinder the same pressure that it has 
in the reservoir, 8. The compressor may be worked at a 
speed from 40 to 50 strokes per minute. At the coal mines 
of Wérister it was intended to sink two shafts, each 656 ft. 
deep, and after two years working, this is being accomplished, 
while the results of working with this system have been 
highly satisfactery. 











THE CLAUSTHAL WORKS. 

WE publish with the present issue a two-page engraving, 
showing a plan of the stamp-house at the ore-dressing 
works at Clausthal. The description of this plate will 
appear in the next article of the series on the Clausthal 
Works now in course of publication in this journal. 





Bria1an Coat.—The exports of coal from Belgium in 
January this year amounted to 331,000 tons. The corre- 
sponding exports in January, 1875, were 319,000 tons., and 
in January, 1874, 218,000 tons. 
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THE PROPOSED ROYAL ALBERT 
BRIDGE. 


We publish, on page 256, engravings, uced from the 
Canadian Illustrated News, showing this brid ar sory to 
cross the River St. Lawrence at Montreal oan signed by 
Mr. Charles Legge. 

Leaving the level of the ground on the line of Sherbrooke- 
street, the bridge will be carried as a viaduct, east of and 
parallel with Colborne-avenue, at a level of 90.ft. above the 
surface of the punt eens Se 150 ft. to 200 ft. 
each, and striking the navigable channel of the River St. Law- 
rence near Molson’s Brewery, it passes over to St. Helen’s 
Island with six spans. 

The bottom of the superstructure will be carried level from 
Sherbrooke-street to the centre of St. Helen’s Island, there 
meeting the natural surface of the ground. This will give a 
clear headway of 130 ft. above the summer water level in the 
harbour, or say 120 ft. above the winter level. 

Reaching St. Helen’s Island, four spans of 240 ft. each 
will carry the bridge to the height of land, where this first 
section of the structure will terminate. 

From the south side of the island the second section of the 
bridge will be carried over the unnavigable channel of the St. 
Lawrence, to the'south shore by veers ey spans of 200 ft. each, 
grading down with an inclination of 1 ft. in 100 ft. Reaching 
the south shore the bridge becomes again a viaduct of five 
additional of 200 ft. each, or until the superstructure 
has ap ed within such a distance of the natural surface 
of br ground, as to — ae eed one 
and thence proceeds with ordinary ing to a junction wi 
the Montreal, Portland, and Boston Baller, 
Grand Trunk. 


The total length of the bridge and viaduct will be 15,500 ft., 
ie cnn at hata eee 
covered from t of departure from uebec, Mon- 
treal, Ottawa, and Occidental Railway, on the Mile End 

ights, to the junction with the line on the south side, will 
be five and a half miles. 

A bufficient length on the natural surface of the ground on 
St. Helen’s Island exists between the two bridges for sidi 
Trains from opposite directions can fore cross each 
here, and so double the capacity of the bridge. 

The piers to be placed in the two channels of the river will 
be deciguel cn Go gue’ ame those of the Victoria 
Bridge, for the purpose of allowing the ice to cut freely past. 

Those in the savigable chdauil wi be sunk in caissons, 
thereby obviating the use of cofferdams and other obstruc- 
tions in the river, and rendering pumping 
tho ety enna Oe ee aes —- 
tom, and very little expense wi incurred in putting 
the foundations of the piers. 

The iron superstructure from end to end will be composed 


of 
ill 


Theee ribs will be provided with friction rollers 
alternate pier, to provide for expansion 
Between the two inner gisders, om the 
raf mee ebay gs ees two tracks 
to wn ummy engines. 
uf girders, on either side of the 
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for trains, as before stated, at St. Helen’s Island. The spaces 
ope . een es one girders will 

e widtl i iage-wa: 
ee Poe ep ip yen ap 
rate “<3 speed than carts or 
ever 


from the saddles of the 
cost. 


peepee x of the bridge from the surface of the 
water will be 210 ft. for the centre span, or 260 ft, from 
foundations. 

Carriages and carts will have access to or from 
the bridge on the level of Sherbrooke-street, and possibly at 
some suitable points between that street and the river, by 
—etee nee’ roaches. io wiiks will else 

r ar th ‘shi cit . 
obtain access to the bridge in this manner. so Orsi 

The following is an estimate of the work: 





Dols. 
fron eupenstrastune mo f360'000 
Tron su’ a ee y 
Land purchase and contingencies... 50°00 
Total cost of bridge... _... 5,000,000 
The superstructure has been designed for carrying a total 


moving load of 12,500 lb. per running foot, or for girder 
about 3100 1b, per al ay whi — 
The following comparison between the Victoria Bridge and 


Roya ALBERT. 
1 span 550 ft. skew. 


4. 240 square, 

* Be. 400 ft, each 
4a eB, le 
With abutments, 


jiers, &c., With &c., making a little 
making about 15,500 lineal feet | over 100 tne : 


lineal ft. of iron super- 
structure, 
Greatest 


water, 210 ft. 
Guonginal onesatsa,40 aon 
Estimated cost, 5,000,000 dols. 
It is proposed that the bridge be 
one railway com but be free and 
; that the schedule of tolls for 





into the hi of traffic, 
ond theses amy of te lines both east and south are 
also ly interested in passing over this new from 
Mon to Lake-Hurou, and eventually to Sault Ste. Marie, 
to join lines in the West, the representa- 
tives of those railways be invited to assist, by giving 
guarantees on bonds to be 
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PUBLIC WORKS DEPARTMENT IN. INDIA 
AND COOPER’S HILL. 
To THE Beeson oe ENGINEERING. 

S1r,—Hoping you wi w me a small space in your 
valuable j I write to warn intended students of 
Cooper’s Hill and their parents of the way ent 
has broken faith with us engineers who came out from 
Eng covenant, and will do so with them unless 
they get a legal guarantee. . . 

Corunna has broken faith with the Civil Service, and 
is only now going to do what it gave its candidates to under- 
stand from the first would be eee. After a number of 
years of discontent Government has been forced to do this, 
since the matter was brought before Parliament. 

All of us civil engineers who our examinations in 
London were given a printed paper by the authorities in 
the India Office, in which it showed the rate of promotion 
we were to expect. This induced a number of us either to 
give up our appointments or offers that had been made us 


and to come out here. 

The first line of the following statement is drawn up from 
the above paper, and I add w it the rate of promotion 
we have received since 1869, taken from the last official 
classified list published on the 1st of October, 1875, by the 
Government of India, from which it will be seen the way 
Government has kept faith with us. : 


Statement showing Rate of Promotion in the Public 
Works artment of India held out as an Inducement 
to Civil Engineers to go up for Examinations before 
a the Rate of Promotion of those who came out 
in . 

















In 6} Yeurnite 5h Years, |In 43 Years. 
| 
Salk |es.l8 ies, 
Pe Pe 
z [girlie BaF) [35 
i 8 q2 388 i 3 4 
sass | aes [ag 
ii i f Hi Big 
i H ail g| 52 |548 
who came out) ers ee ee COE ae 
from 1849 to 1861, and } 
who got to executive 
grade. From official 85 434 22 50 9 ll 
given to candi- | 
before up 
Odheere whe eam out 
in 1869, and have 
on Sheath list 
published on the ti} ® | ® | ® | | 0). 0 
of October, 1875, by 
the Government of 
India ... one 7 























The block is caused firstly by Government bringing in 
royal and civil engineers direct into the higher grades. By 
this arrangement Government has always a large number 
of royal eer Officers available for home service when 
required, but meanwhile maintained at the expense of 
ae ny senior ae out here — are pat 
in’ appointments in department, 
cnowng aang of their tuture work or the 
the heads of every one. They are keptomthe.s umerary 
list till vacancies occur, then are brought into the . 
manent establishment, thereby stopping all promotion. The 
latter (civil engineers) are i in this 
country from railways that 


out | some years 


climate, and under great expo#ure for six to ten years, we 
find we have been deluded. 

It is with a kindly feeling for my brother C.E.’s that I 
write this, and would advise them to stay at home unless 
they get a legal guarantee from Government as to their 
promotion, leave, pension, me he boy | men often 
cannot quite understand these , or what they ought to 

, but their parents will, especially if they have been iz 


I must apologise for taking up so much of your space, 


but as the question is a grave one, both to the present and 
future mem of the Indian Public Works Wegisiment, 
I am sure you will help our cause. 

I am, Sir, &., 


Civit ENGINEER. 
India, February 25, 1876. 


THE WATER SUPPLY OF IQUIQUE. 
To THE Eprror oF ENGINEERING. 

S1r,—My attention has been called to the letter of Mr. 
George Bush, chief engineer of the Iquique and La Noria 
Railway, referring to the above unde ing, and which 
appears in your columns of the 24th inst. am at the 
present moment entering into certain agreements for the 
carrying out of the contract I have made with the Municipal 
Council of Iquique, which has been ratified by Government, 
and in consequence I am called upon to reply to the above- 
mentioned letter, not only in respect of the manner in which 
its tone is calculated to prejudice my interests (if remaining 
unanswered), but as well with the view of discharging a 
public duty, in making known facts relating to an industry 
in which English interests are deeply involved, and the 
position of an engineering work which has already absorbed 
a considerable amount of English capital ; I must request 

nsertion 


you,.therefore, to favour me with an ii 








the Iquique and La Noria Railway mortgage debentures, 
relative to the financial prospects of that railway, and I 
believed that by giving atrue account of the experience I 
earned upon the line, whilst acting as an engineer in 
charge of works, I have not been moving in opposition to 
the views of the trustees of the said loan, and that I have in 
some benefited those interested in its prospects. I 
have said that the nitrate of soda ‘deposits of Peru are the 
most valuable, both as ~go! and extent, of any 
known up to date. The physical features and ia, in- 
separable from the formation of this salt, cannot be said to 
occur in such perfection elsewhere, and that the agricul- 
turists of and of the Continent must continue to 
look to Pern for their nitrate, a cheap and abundant supply 
of which, upon the high authority of Mr. J. B. Lawes, is 
essential to the continuance of the prosperity of our agri 
culture. The carrying out of the nitrate decree should not 
prejudice the consumers of the article at home, for by its 
action the production of nitrate will involve less expenditure, 
when the mines are worked —_ one single administration, 


and not as hitherto by separate individuals, associations, and 
companies, for the greater established with extraneous 
capital, and subjected to the exaciions of their creditors. 


The exports of nitrate of soda from the of Iquique for 
the following years were: in 1857, 384150 nintals ; in 
1858, 1538,523 ¢ in 1859, 796,288; and latterly, in 1872, 
4,420,000 ; in 1873, 6,263,000 ; in 1874, 5,684,000; in 1875, 
7,200,000 quintals, or 327,200 English tons. Had the sum 
total of last year’s exports been conveyed by railway to the 
rt, at the rate of ex which has lately iled, and 
y which the carriage may be rated at 11. 10s. per ton, the re- 
ceipts would have been 490,8001., and adding to this amount 
about 30 per cent. to be derived from the up-traffic of coal, 
grain, stores, and provisions of all kinds, the sum total of 
moote would have amounted to 654,400/., leaving a margin 
of 491,4001. to meet working e and claims upon 
capital, after disc’ ing the Service of the 1,000,0001. Lon- 
don loan of 1872. advantages, however, ly ac- 
by steam over animal power are not so con- 
Imarked in this instance, and it occurs that 
ble of the nitrate is conveyed 

per pack-saddle. It should be remembered that now 
when the idea of ing a railway 


nauenndtnentt billet pe ey | rom a port 
at once totally deprived of potable water the elements 
for maintaining human existence—was first proposed, the 
ponent was looked upon in much the same light as that 

. ed poem, he, Chsnae) Tunaeh ashen; that is to say, 
with ‘ y’’ divided views as to its icability. Dr. 


} “The water thus obtained is, however, too ex- 
pevsire an article to be used in quantities sufficient for the 
thy sustenance of ani i emplo: 








I have of late received numerous inquiries from holders of po 


pumping 
of which ft and dra i 
ryed Gat ‘ou published an accoun' wings 


voyage of the vessel along this distance, necessarily 
limits the price at which the article can be disposed of at 
— depéts in the town of Iquique, as explained by Mr. 


jush. 
For working the first twelve miles of the railway, the 
water (obtained either of two sources) 1s hauled 
ay | the line in tanks, upon cars in order to provide 
for the consumption which is contemporaneous with the 
progress of the train. For working the remaining sections 
the railway is dependent upon the brackish water obtained 
from wells in ior, chief amongst which is the one 
known by the name of Pozo de Almonte, situated at the 
distance of 42 miles from Iquique. The water is pumped 
from these wells into tanks which are hauled along the line 
in the manner previously described, The maintenance of this 
questionable system water supply necessarily involves a 
very considerable annual loss both on account of the means of 
rocuration, and the conveyance of the water along the 
ine. The total amount on both of these heads does not 
amount to less, in my opinion, than 62,4001. per annum, 
and probably exceeds considerably this sum. I am not, 
therefore, surprised to hear that the railway are intending 
to lay down piping, and I would only remark in reference 
to this scheme, that my experience leads me to believe 
that works designed to satisfy the requirements of one 
object are inferior in significance to those which are laid 
out to meet the urgent necessities of many. It would seem 
that, laying down about 42 miles of piping, and “lifting” 
the water some 400 ft. from the lower level of Pozo de 
Almonte, would r ble very closely—were an additional 
section of piping stretched across the sandy pampa to the 
fresh water springs situated at its cuctent Weandery—the 
undertaking for which I hold the exclusive privilege for a 
period of 50 years, with powers of expropriation of lands 
and sole right of laying piping and exemption from 
rt dues, besides numerous other guarantees necessary to 





insure its success, This, however, partakes entirely of a 
legal character ; and I will only observe that the act of 
concession and other documents, with notarial translations 
thereof, may be seen at the solicitors, Messrs. G. A. Crawley 
and Arnold, of 20, Whitehall-place, 8.W., by any to whom 
they may fairly concern. 

I may add in conclusion that the transport of the 327,200 
tons of nitrate of last year from the mines to Europe neces- 
sitated 1248 train — each of about 100 miles ; 480,000 
mule journeys (double), the use of over 700 fully {manned 
ships, and.the existence of a population of some 8000 to 
10,000 inhabitants at the export port, and the consumption 
amongst all these amounted to 72,100,000 gallons of dis- 
tilled and extraneous water, which invelved an expenditure 
under all heads of 1,244,200 soles (Peruvian dollars), equi- 
valent at the present rate of exchange to 155,5301., making 
a charge of about 9s. 6d. per ton upon every ton of nitrate 
consumed in this country ; a burden which falls princi- 
a the agriculturists of Great Britain. 

The present price of English coal at Iquique I have as- 
certained to be from 45s. to’50s. per ton, as proved by 
enclosed letters. 

I am, Sir, your obedient servant, 
G. Fitzroy CoLz. 

76, Lansdowne-place, Brighton, March 28, 1876. 





DRAINAGE OF DORDRECHT. 
To THE EDITOR OF ENGINEERING. 
Sr1z,—Perhaps you will allow me to supplement the in- 
——- you tga in —_ number of the 10th inst. about 


Dordrec 

Dordrecht (better known to many by its ancient name of 
Dort) was formerly a place of great trade, but now a good 
deal of this has been absorbed by its Se were erm and, 
for many p more conveniently situated neighbour 
Rotterdam. It is still rich, but rather from the inheritance 
of the past than from the industry of the present, and hence 
deserves all the more credit for grappling earnestly with 
the sani’ evils which beset nearly all the towns in Hol- 
land, and Dordrecht in particular. ¢ 
The town, which consists of gbont 26,000 inhabitants, is 
for drainage i divided into two districts. 
In one all the refuse is thrown into tidal canals, and hence 
swept clean out of the town. In the other district the 
canals are below the level of the tidal canals. They may 
poactienliy he oad to: he aingnastyend et in the past they 

ve received all the refuse of the inhabi The nuisance 
has been vated by the fact that in some cases narrow 
oh tho seny of tho hnweent ae ese gietcls epee’ Sowers, 
a rear of t uses, and were ically; open sewers, 
with but little yolume of water., The stench, as I can 


On | personally testify, was simply horrible, and the deaths in 
this pastionier district ay 


often reached the enormous annual 
rate of 100 in the 1000. 
The sanitary operations of the town authorities are three- 
fold. The first consists in filling up the narrow 
providing drains for the house and rain water ; the second, 
a method for the separate daily removal of excremental 
matter ; and the third the extensive arrangements 
i ) to secure 
h water in the hitherto t * 
method daily soitetion of the excre- 


is (Cay Liernur’s pneumatic 
eter to it in Doedrecht is 
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anent works capable of great extension were at once 

id down. 

The second great point of interest is, that at Dordrecht 
the excremental fluid is, for the first time on a commercial 
scale, to be converted into poudrette, by simply the utilisa- 
tion of the waste steam of the engines which collect it. It 
was natural that in trying the Liernur system, towns like 
Amsterdam and Leyden should p cautiously, and 
that, therefore, they decided to prove the feasibilty of the 
pneumatic system as a means of collection simply before 

oing to the expense of great permanent works and pou- 
Trette machinery. At the same time of course they could 
not expect from the compulsory sale of a ey liquid, which 
must be used daily, and in a purely pastoral country, the 
income which was ‘promi rom the highly concentrated 
dry product, which could be sent to the manure markets of 
the world for sale like guano. 

Dordrecht being convinced of the excellence of the pneu- 
matic system as a means of collection, resdl to 
further and make poudrette. In a month or two the wor. 
will be completed, and then will be demonstrated whether 
Captain Liernur or the numerous critics who, like the 
opponents in former times of railways and , carp 
at his past successes, and proclaim the certain failure of 
his future endeavours, are right. - ; 

The first evidence of OE is in Captain 
Liernur’s favour, as the Public Works Department at 
Dordrecht have, I am informed, already affirmed, that the 
experiments they have already made with the imperfect ma- 
chinery, conclusively prove the correctness of Captain 
Liernur’s theory of the power of the evaporation by the 
utilisation of the waste steam. . 

The success of the great experiment which this enterpris- 
ing little old Dutch town has embarked upon, is being 
looked forward to with the greatest interest in all quarters 
of the world, and especially so by many of our midland 
towns, as upon it depends the financial aspect of the Liernur 
pneumatic system. ’ 

I am, Sir, yours iy, 


Am Scorr. 
223, Gresham House, London. 





THE ILLUMINATING POWER OF GAS, 
To THE EDITOR OF ENGINEERING. 

S1r,—There are a few small errors on pages 230 and 231 
of your last issue, which please correct. 

1. On 7th os, =, 4.26 ae read ‘. ees 2. » > 

ragraph, line 2, read “ Mr. e”’ for “‘Tyfe.” 3. On 
vie 231, 19th line, for ‘‘ atomic” read ‘* photomic’’ 

I beg to remain, Sir, yours bey 4 
Gas EXAMINER. 





THE ORIGIN OF MOTION. 
To THE EpITOR OF ENGINEERING. 

81r,—In recent numbers of your valuable paper there 
have appeared several articles on the ‘‘ Origin of Motion.’’ 
The writer starts from the supposition that the hitherto 
accepted theory Of ‘‘ action at a distance’ is inadmissible, 
and tries to explain all the varied phenomena of attraction 
and repulsion, which of course must include chemical com- 
bination and cohesion, by the action of the ether on the 
molecules and atoms of matter. It is necessary to this 
theory to assume motion to be, that is to say, to have been 
from the beginning, the normal condition of the ether and 
consequently of matter generally, and there is no d@ priori 
reason against this assumption, although at first sight it may 
seem more natural to assume matter to have been originally 
at rest and only put into motion by causes external to it, that 
is to say, by other matter acting at a distance ; in fact, we 
know of no such thing as absolute rest in nature, and it is 
just as rational (if not more so) to consider rest as a phase 
of motion, a special case of a general law, as to suppose 
motion induced from a state of rest. In mechanics this is 
done ; a body moving with a ing velocity in one direc- 
tion has to pass through the velocity 0 before it can move 
in = ee and for a Sy substituted 
in the general formula expressing the law according to 
which the velocity varies. The result will be 0 for the 

. moment corresponding to those values, 

We will, however, examine a little further into the 
theory under consideration. Ether is assumed to be elastic, 
and its atoms* or molecules to vibrate in the same manner 
as the atoms or molecules of gases vibrate according to the 
mechanical theory of heat as demonstrated by Joule, 
Clausius, &c. Now the vibration of molecules (or atoms) 
whether of gas or solid bodies, and their icity, I have 
always understood to be due to the attraction and repul- 
sion of the (ultimate) molecules (or atoms), which must 
themselves be inelastic, as it is i le to conceive them 
otherwise ; in other words, icity is the result of “‘ action 
at a distance.’” How does the writer of the “Origin of 
Motion’’ explain the elasticity of ether, bearing in mind the 
poms inelasticity of the ultimate molecules, without the 
help of “action at a distance?’ If two molecules come 
into collision there can be no rebound, if we reject the idea 
of attraction and ion; the two particles will move 
with @ resultant velocity in contact with each other in the 
direction of the molecule with the greater velocity, sup- 


wuriaas s boay presenta to the action’ ef the her eurretts, 
8 a presen’ 
and not as it actually does on the volume and density ofa 
The pressure cannot he what is called statical, i.e. 
due to a simple vibration of the atoms without forw: 
motion of the whole mass relative to the earth, for in that 
case, as with atmospheric pressure, it would act equally in 
all directions. 


I have already, I fear, trespassed too far on your 
valuable space, otherwise I might go further into the 


~~ 


matter. I shall beglad to have explanations on the above- | jn 


mentioned points from the author of the “ Origin of 
Motion.” é ae 


THE BOILERS OF H.M.S. “*SERAPIS.” 

‘ To Tax EpiITor oF ENGINEERING. 

Srm,—On reading the article headed “ Boilers o: 
Serapis,’”’ in your number of the 17th March, I 





H.M.S. 
notice that before starting on her return vo from Cal- 
cutta the pressure was rai from 30 lbs. to 33 Ibs. 


Would not this in itself be a reason for her boilers not 
continuing to prime, as you say that the speed was about 
the same from Suez to Bombay, and from Calcutta to 
a and assuming that the engines worked to 
about the same power in either case, an earlier cut off or 
throttling of the steam would be n to give same 
power with the higher pressure, other conditions remaining 
the same. In first case, supposing the steam to have been 
cut off earlier, a reduced demand might have been the con- 
sequence in the boilers ; second, supposing the steam to have 
been throttled and same degree of expansion used, it might 
be that steam at the increased pressure of 33 lbs., and con- 
sequent decreased specific volume, would create less disturb- 
ance A the water space for same quantity of water eva- 
porated. 
I am, Sir, yours truly, 
Dublin, March 17th. 8. G. 





DISC ENGINES. 
To THE EDITOR OF ENGINEERING. 
S1r,—The dates given by your anonymous correspondent 
= eran are a —— Be allusion a 
‘* guess-work correspondence,’ and may be interesting 
those concerned. Iadd, however ‘not from a chance 


memorandum), that the ‘ well-known disc engine”’ is not 
Bishop’s, whose patents were only for improvements in it. 
It was, I believe, invented by Debate in 1830, but so far as I 
know was not actually constructed by him. 1830 and 


1840 a number of patents were obtained in connexion with 
it, principally by Davies. A model of at least one of these is 
in the Patent Museum (Taylor and Davies, patents of 
1836—8). One of Bishop’s engines was for some time 
at the Times printing-office, and the Messrs, Rennie made 
a number of them. rom Gossage (1838) to Geiss (1870) a 
considerable number of disc engines have been patented on 
the Continent, besides those of the modified form which have 
given rise to this oe oid 

As engines, none arrangements proposed possess any 
practical advantages, while the older ones had, of course, 
Mes T bave hese lockiog of thet alleclongh ibey nove very 
ight ve been looking a m™m ng), ve very 
ue iiderable interest. Professor Reuleaux was the first to 
point out their kinematic identity with the common 
** Hooke’s joint’’ (‘* Theoretische ematik,’’ page 375, 

et seq), to in their real kinematic nature. 

, Yours 
Auzx. B, W. Kenwapy. 
London, March 28, 1876. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig Iron Market.—There was some firmness 
in the market last Thursday forenoon and a fair amount of 
business was doné at rather higher prices—58s. 10}d. to 
59s. 2d. cash, and 59s. to 59s. 8d. one month open, i 
with buyers at the highest prices and sellers at 59s. 3d. 
prompt. The price of Coltness iron was reduced in price 
1s. per ton. In the afternoon there was a flat , no 
business being reported,’ sellers 59s. 3d., buyers 59s. cash. 
On Friday forenoon the market was again firm, and a fair 
business was done at 59s. to 598: 3d cash, also 59s. 14d. to 
59s. 3d. one month open, closing with sellers at 59s. 3d. 
cash, and buyers offering 59s. 1jd. The market was quiet 
in the afternoon, no business being , sellers 59s, 3d., 
buyers 59s. 14d. Filatness was the rule on Monday fore- 
noon, with business done at 58s. 10}d. to 588. 9d. cash, 
afterwards improving to 58s. 10}d., at which buyers re- 
mained, sellers asking 598. The usual story for the after- 
noon—idle market, no business reported. was some 
improvement on beer Biv per and some business was 
done at 59s. one month fixed, and 59s..1}d. cash, i 
with buyers at the latter price, and sellers at 59s. 3d. The 
prone prices in the afternoon were sellers 59s. 3d., buyers 
59s. cash. There wasa greater degree of firmness this forenoon, 
but only a small amount of business was done at 59s. 14d. 
and 59s. 3d. cash, also at 59s. 3d. one month fixed, 


I 


posing the mass of each to be the same. If the theory ex. | With buyers at the higher price, eases See ee 
vols other phenomena without the aid of what wecommonly aenae  narthnahpn chm py) re 
eal iy by the term “‘force,” it must also explain Shotts brands have all been reduced in pri ee Ia. pai. 
T : “ean led Last week’s shipments amount as 
by this theory caged nc gre Agree a —_ 10,325 tons in the corresponding week of last year—the 
impingement of ether atoms on the surface of the and i gar bd bod Le bray Shr Grange Ming ive 
the bodi : th ports 0 e8 os 3 
i all directed i mp Pe ern increased by 13,450 tons since the beginning of the year. ~ 


approximately towards 
The cohesion of the matter composing the 


earth 
must be due to the same cause; it seems to me that if this 





tary saalecale is a combination of atoms in non-elemen- 








Mamufactwred Iron Trade.—This branch of trade be- 
comes more and more depressed, and it would almost seem 
as if finished iron was not wanted, for unprecedentedly low 
quotations fail to bring out orders. It is stated that unless 
a change takes place soon for the better, there is a great 


currents, | for waut of 9 i 








likelihood that some 


of the mills {will be compelled to stop 
Endowment of the E1 


; 


Norman 


father, the late Mr. William Y. 
eo oung, 
Annual Soirée of the Edinburgh Operative Engineers.— 
The Edinburgh engineers held their annual soirée last 
Friday —. There was a large gathering of the mem- 
bers of the trade and their friends. In ing the pro- 
ceedings, Mr. William Wilson, who occu fhe chair, 
ay oy ae the members present on the flourishing state 
of the Amalgamated ’ Society in this country, 


instan as an unmis ble proof of its t 
fact that it had now a reserve fund of oF gr td ~ 


just learned that out of a membership of 45,000, 
are only about 900 members of the society out of 
employment. . 


New Coalfieldat Wishaw.—The Morningside Colliery Com - 
y have sunk one of their pits to the seamof coal known as 
wer Dru y. Last week, the seam was cut through, 

poh er a Pesaran tx ted. The coal is of 
capi , having 
on eeaeciate 
n owing 
seams not being yet exhausted. Its ical proportio’ 
Ss about 90 fothces under the ell onal’ Af Moruingeide 1 
has been got after about 18 months’ sinking at a 
. Sin. lying on a fine bed of fireclay also about 
3 ft. thick. The mineral field held by the company contains 
200 acres, and the seam is known to run through the 
ere is, therefore, here about one million 
, which will give an average output of 150 tons 
for 20 years. In addition there is about one million 
tons of fireclay, 


island on Mondaey ai is cigued exipromnens wish the erik 
is on Mo nig’ an wi 

British Railway Company, under which the company engage 
to advance sums not exceeding 30,0001. for the completion 
of the wet dock. 

Burntisland and Cowdenbeath Direct Mineral Railway. 
—The Bill —_ powers to construct a mineral railwa; 
from Cowdenbeath direct to Burntisland, was under the 
consideration of a Select Committee of the House of Com- 
mons last week, but on Frida: 
promoters of the North British 
special advantages to the mineral traders, 

Ewplosion of a Locomotive.—A locomotive engine, built by 


i 


R 
Be 


per da; 
anda 


Messrs. Neilson and Co., in 1855, exploded near Irvine yes- 
terday morning. ‘Three men were killed and a num- 
ber of others in the employment of South- 


the Glasgow 
Western Railway Company were seri injured, 


Society of Arts——A meeting of the Scottish Society of 
held last night in tke hall of the Sodiety at 117 


rge-street. Mr. Alex. Gowans, one of the vice-pre- 
ts, occupied the chair, and there was a large attend- 
ance of members. Mr. Robert Ferrier, inspector of 
meters, read a paper descriptive of an improvement in te 
adjustment of gasholders used for m _ Mr. Fer- 
rier’s paper elicited a short on, and was remitted to 
a committee. Professor Jenkin “in 
much the same manner as he did before the Edin- 
burgh and Leith ’ Society, the two valves which 
he has invented for t of improving the distribu- 
tion of water in towns, exhibited to the work- 


ing models of the valves. Several members spoke 
ably of the invention, and 
committee for consi 


vour- 
ultimately it was remitted toa 





ALTERATION In RAttway Gavas.—The Delaware, 
Lackawanna, and Western Railroad Com has 


narrowing the gauge throughout its n work is to 
be commenced forthwith. The proposed change will in- 
volve the narrowing of the nge miles of road, 
the i of 4000 new freigh and coal cars, and the alte- 
ration of 12,000 coal cars now in use. 

BEssEMER STEEL IN Russta.—A complete Bessemer plant 
has been laid: down at the ee ee 
property, in Russia, under the i of M. Val- 


ton, manager of the Terre-Noire works (France). Part of 
the machines zpe cunered. fe , and the remainder 
was made at Nijni-Taguil, the whole being co: i 
two years. The works at Nijni-Salda are 
converters on the English each capable 
with five tons. of metal running direct ‘from t furnaces 
specially constructed for the . All the converters, 
ladles, cranes, &c., are worked by hydraulic power. 
Inp14n Coau.—Mr, Morris, Chief Commissioner of, the 
Central Provinces has been inspecting the 
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We annex avings of a form of steam tram- 
car designed on ia A. Brunner, of Berne, on the 
Fairlie system. The particular car illustrated is 
adapted for a tramway of a metre gauge, but of 
course a similar ar t could be adapted for 
other gauges. As will beseen from our engravings 
the body of the vehicle is carried by a main frame 
with semicircular ends, this frame resting on two 
four-wheeled trucks or bogies, one of which is 
fitted with steam cylinders. When the tramway 
to be worked includes very steep gradients it is 
intended that steam cylinders shall be fitted to 
both trucks, so that the whole weight of the vehicle 
with its load may be available for adhesion. 

The wheel base of each truck is 8 ft. 11}in., 
and the chilled cast-iron wheels with which they 
are fitted are 28§ in. in diameter; while the dis- 
tance between the centres of the two bogie pins or 
centres is 81 ft. Gin. The main frame which con- 
nects the two trucks is made of iron of J-section 
8gin. deep, while the frame is, as will be seen, 
kept down very low, its underside being only 8 in. 
above the rails. This frame thus screens the 
moving parts of the steam bogie from sight, whilst 
its low position enables the centre of gravity of the whole 
vehicle to be kept down. 

The manner in which the main frame and bogies are con- 
nected is as follows: The truck fitted with steam cylinders 
—or front track as it is called for convenience, although 
the vehicle can, of course, ran equally well in either direc- 
tion—is provided with a strong transverse bearer as shown 
in the cross section Fig. 4, the ends of the cross bearer 
carrying steel slides upon which the main frame bears and 
moves, The centre pin of this bogie takes hold of a longi- 
tudinal drawbar which is fixed below the main frames as 
shown. In the case of the hind bogie, on the other hand, 
the transverse bearer instead of being fixed to the track 
frames is fixed to the maip frames, and carries a centre pin 
which enters into a suitable socket fixed to the truck frames. 
In this case the truck frames carry circular slides on which 
the transverse bearer rests. As will be seen from the plan 
the arrangement provides for the free movement of the 
trucks, and thus notwithstanding its length the vehicle can 
pass readily round curves of very short radius. If neces- 
sary, for repairs, the main frame can be readily lifted and 
the trucks removed. 


The front truck is fitted with a pair of inside cylinders, 
the front axle being a crank axle. The valve gear (not 
shown in our engravings) is of the Allan straight-link type, 
and the wheels are coupled by side rods in the usual way. 
The truck carries a vertical boiler, and this boiler is fixed to 
the truck and moves with it, so that there is no necessity 
for jointed pipes in making the connexions to the cylinders. 
The arrangement is in this respect similar to that adopted 
by Mr. Fairlie in the steam carriage constructed by him in 
1869, and which will be remembered by many of our 
readers as having been exhibited at work on an annular 
railway laid down at the Hatcham Iron Works. 


The dimensions of Mr. Brunner’s tramcar and 


principal 
its machinery are as follows: 








TRAMCAR (FAIRLIE’S SYSTEM) FOR NARROW GAUGE 


DESIGNED BY MR. A. BRUNNER, ENGINEER, BERNE, SWITZERLAND. 


Fig 





TRAMWAYS. 
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Fig}.3. 





rail level. It consists of one long lower compart- 
ment, with longitudinal seats, accommodating 
twenty-four passengers, and a kind of pavilion 
situated over the trailing bogie, containing seats 





for seven others. This pavilion is intended to be 
used as a smoking compartment, and in it is also 
situated the staircase which gives access to the 
roof of the main or central compartment, there 
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being on the roof seats for twenty-four other 
passengers. The vehicle thus carries altogether 
fifty-five passengers, namely, twenty-four outside 
and thirty-one under cover. Two transverse 
passages, one at each end of the main compart- 
ment, give ready access to the vehicle, and serve 
also for the accommodation of the driver and 
conductor. 

Altogether the design we illustrate includes 
many good features which render it well worthy 
of attention. The arrangement has, we should 
state, been patented in France by M. Tocanier of 
Annecy, Savoy, and Mr. Brunner, and we hope 
soon to be able to speak of its practical applica- 
tion. 








rt fs as 
‘. : iS 
' 
x. a — 
ft. in. 
Diameter of cylinders .., vo wo OO 59 
Stroke of pistons ... one ee ole 011.8 
Diameter of wheels hina 1 11.6 
Wheel base of each bogie oe 3 11.2 
Total length ef a centres of bogies 31 6 
‘0 0! i ae 4 0 

Width outside — on 8 2.4 

» inside jn 7 10.4 
Height inside at sides 5 10.9 

» Centre .., o- 6 Of 
Heating surface of boiler 86 square feet 
Capacity of water tanks .., «. 220 ns 

- »» coal bunkers pes 4 cwt. 
Pressure of steam in boiler .. 147 Ib. per sq. in. 
Mean speed of vehicle... eo «=r & miles per hour 


Tractive force exerted with a mean are in 
pee 7 ag to 60 par cant. of the beller pres- 
sure= 1485 lb. 

Weight of vehicle in working order but without 
passengers, A 

Total weight fully loaded, 12 tons. 

The front truck in Mr. Brunner’s tramcar is fitted with a 
steam brake, and it also carries the water-tank, this being 
of U-form in plan, and arranged as shown in Figs. 2 and 4. 
A peculiarity in the design of the car is the provision made 
for the discharge of the products of combustion. When 
the car is moving with the steam truck in the rear, these 
products are simply discharged as shown by the arrows at 
the left-hand side of Fig. 1; but when the steam truck 
is in advance, the gases are led through flues formed 
in the roof of the vehicle (see Fig. 8), and discharged 
at the rear. In winter these flues are turned to account 
for warming the vehicle, but in summer they are protected 
a re ees oe ae On the radiation 


The body of the vehicle we are describing rests directly 
on the main frames, and its floor is but 17} in. above the 








TramwayYs AT MartaGca.—A project has been brought 
aoaen for the construction of a system of tramways at 


Tue Facrory Acts.—In our last issue we drew at- 
tention to the recently issued report of the Factory and 
Workshop Commission. Mr. Barclay, on Monday, asked 
Mr. Cross whether he would bring in a Bill to carry out the 
recommendations of the Commission. In ly the 
Secretary stated that it was impossible for him to deal with 
only one portion of the subject, namely, whether the owners 
of water mills should have the power to make up for lost 
time. Itdid not lay in his power to take this matter up in 
its entirety during the present session. We have thus 
another Royal Commission’s work rendered useless for 
another year, and most probably, from the minute recom- 
mendations of their report, the postponement of legislation 
may become sine die. 


Lonpon Water Supriy.—An influential deputation 
waited on Mr. Cross last Tuesday, representing the Natioual 
being ‘taben % improve the satrepelinn woter, supply: 

improve metropoli water 8 ° 

tain Galton, Dr. Pla: P., 

Dr rd, &e. Dr. Lyon Play- 

details in sagend te tho puatiip, qiullty, souweus o>, of 
ils in to the quantity, quality, sources, &., 
the present supply, urging that the mini should in 

duce, at once, a measure to insure the 

4h 1, +tha = 3. Dr. Hump! 
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DOUBLE-SCREW TUG BOAT. 


CONSTRUCTED BY MESSRS. JAMHS HOWDEN AND COMPANY, ENGINEERS, GLASGOW. 


Fig.7. 


















































NoTwitHsTANDING the eminent position which the 
Clyde has long enjoyed in connexion with shipbuilding 
and marine engineering, it has hitherto done compara- 
tively little in supplying its own ports and those of other 
parts of the country with steamers for towing purposes. 
There is now, however, evidence of progress having been 
recently made in that direction. We illustrate to-day a novel 
arrangement of hull and propellers designed by Mr. James 
Howden, of the well-known Glasgow firm of marine engineers, 
Messrs. James Howden and Co. 

When it is of sufficient diameter and is properly im- 
mersed, a single-screw propeller is probably a more effective 
instrument for towing than the feathering paddle-wheel ; 
but with a screw vessel of the ordinary form, a much 
larger hull, or, at least, a much greater displacement is re- 
quired to give sufficient immersion to a screw propeller of 
the size necessary for utilising the very considerable power 
of a towing steamer than is demanded by a paddle steamer 
of the same power. Twin screws ean be applied ona less 
draught of water, but as usually arranged they are not so 
efficient for towing purposes as a single-screw propeller. - 

Mesers. John I. Thornycroft and Co., of Chiswick, 
however, the well-known builders of high-speed steam 
launches, have recently constracted for use on the Nile, a 
peculiarly arranged twin-screw boat of shallow draught, 
which has given remarkably high results as a tug, and 
which has shown that the usually accepted opinions re~ 
garding the application of twin screws for towing purposes 
require modification. In a future number we hope to 
illustrate the arrangement adopted by Messrs. Thornycroft, 
but at present we have to do with the plans of Mr. James 
Howden. 

If the power can be sufficiently well utilised, the hull of 
a towing steamer should not have a greater displacement 
than is necessary for carrying its machinery and coal and 
for safety at sea, because the smaller the amount of pewer 
used in its own propulsion the greater will be the amount 
left for hauling the vessels to be towed. The arrangement 
of hull and propellers we now illustrate is designed to 
give the most favourable conditions as to the hull, and at 
the same time to utilise the engine power for towing to a 
greater extent than has heretofore been accomplished. This 
result is effected by constructing the vessel so as to admit 
of a screw propeller of large diameter being used at each 
end, bow and stern, and giving the proper amount of im- 
mersion to both of them by depressing the screw frames 
below the ordinary level of the keel. In consequence of 
this arrangement the hull of the vessel need be made of no 
greater displacement than is required for its purpose as a 
towing steamer, while each of the propellers is of larger 
diameter than the single screw of a hull of the same 
displacement if built of the ordinary form. The result, 
therefore, is that a large engine power can be most effec- 
tively used in a comparatively small vessel. The peculiar 
advantage of the arrangement, however, is not only that 
the propellers are of large diameter, but in the fact that 
there are two of them, each of which acts against an in- 

Avs mes of water. 

When the steamer is only propelling itself the advan 
of the two resisting columns of water is not seongin tole 
Play unless the vessel is running against a strong head 
wind ; 

; but whenever the tug is attached to a heavy vessel 
Outside itself, the advantage of the two screws is stated to 








be at once apparent—the actual effect in hauling (so far as 
can be ascertained without testing it by a dynamometer) 
being twice that obtained from the same engine power work- 
ing a single screw of the same diameter and placed in the 
stern as usual. These results agree very fairly with those 
arrived at by Mr. Rebert Griffiths, whose experiments on 
the use of bow and stern screws we have on several occasions 
referred to in this journal.* 

It has been found by trying one propeller only in Mr. How- 
den’s tugs, alternately in the bow and stern, that the bow pro- 
peller gives the best hauling effect. In all probability this 
arises from the fact that the bow propeller works in solid or 
unbroken water, while the stern propeller works in the 
“ glack-water”’ of the vessel. : 

Three of these screw tug steamers are now at work on the 
Clyde —one has been in use for upwards of eighteen months, 
and two for about nine months. They have been built by 
Messrs. James Howden and Co. for the Screw Tug Company 
(Limited), and are steadily working their way into favour. 
So thoroughly satisfied are the directors of the company 
with the results obtained by the vessels that they have 
unanimously resolved to recommend the shareholders to 
grant powers for the addition of several similar vessels to 
their fleet. 

The vessel which we illustrate—the Clyde—was the first 
built of the three. It will be seen that it has both its 
ends alike, as it was intended principally for work in the 
river The other two steamers, which are named the Forth 
and the Tay, have their bows formed in the usual manner, 
but with the screw aperture conyeniently arranged and pro- 
tected by means of an outguard running to the bow on the 
line of the rubbing belt. It will be observed that the Clyde 
has the screw aperture frames lower than the keel. As she 
never requires to take the ground this is no inconvenience. 


“In the case of the Forth and Tay, they have a sort of double 


keel running straight in a line with the screw apertures at 
the ends. In conclusion we may remark that a thorough 
series of dynamometrical experiments on the performances of 
these tugs under different conditions would have great in- 
terest and value, , 
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THE annual dinner of this i ted iety took 
place on Sa evening last at Willis’s Rooms. softer steel. 
the were the Duke of Teck, the Netherlands i 
t Halifax, Captai 





Her Majesty Ministers ; HF, to by the of 
“ er a "3 2 re 

Carnarvon ; by the ‘‘ Two Houses of Parliament, the Lords 
and Commons,” to which Lord Halifax replied for the 
former and Mr. Lowe for the latter ; and the toast of 
i isi a to by the Nether- 


q 


roposed the final toast of ‘ Prosperity to the Institution of 
Civil Engineers,” to which the President responded. 
THE USES OF FERRO-MANGANESE.* 
THE ob Ghote ont Sr anae it i 
use 8 r) 5) 
Rn hy rn 
Bessemer process. For some time olen ooh i was 


first employed, - aan was merely as & on 
bonising agent, which was rendered n on accoun: 
L necessary —_ 


car! 
of the pro’ refining—the uired 
obtained by the admixture of o puss ond highly carburetted 
pig iron, without taking into consideration the part which 
manganese m' at ping ‘a the consuls Thus steel manu- 
facturers sel cer yen ist te -toapnag amy ed ne Sag 
and more or less foliated a as this description of 
pig iron was alone capable of imparting to 
which had been eliminated hy the protracted . Not- 
— that there were other pig irons which con- 
tained a ciency of carbon, it was at length found tha 
eine the agian te Spe i 
e 


In 1866, M. Valton, who then conducted the steel works 

at Le aay gm ae es evap Ping reduci 
erties of manganese, in the Bulletin Société 

PTndustrie Minerale de St, Etienne. He was of ion 
oe ba of He wpe = which the Bessemer met ba 
saturated at the end of the process, was 
met perenile. . tle eapebaion hes this wean teaange, boaenes 
of the high temperature employed. 
The magnetic oxide, having only the same affinity to 
silicon as peroxide, does not yon ga doy the slag, but 
remains in the pig iron, and thus it red- and 
unfit for vine If, Manerens. es wn yn the form of 
spiegel, metallic manganese—a whic: 68 0 
as cna thom inon-the. cide ota to bie m 
the steel bath into a state of protoxide, and the silicon takes 


spiegel, which 


this up to form . Thereaction is represented by Mn+ 
Fe®0‘=3 FeO+Mn0O; and the manganese is also combined 
with the slag. 


an phags vements in the method © spenteieinn 
TO} ion of manganese in iron—a chemi roblem w 
Ln = time could not be solved—have ond g that, in the 
tbe inkestortion of ton splageh; 2 asked quoatity af sanngn- 
in ion oO 8 a man! - 
mam, — pepelionss eaneuien to half that a he Boe _Is 
i concluded, ‘ore manganese remaining 
in the metal is beneficial—that it forms with iron an alloy 
which improves the quality of the steel? Again, is it 
necessary, in o to introduce sufficient into 
ara naar Sry an me shall be opie ser * an ex- 
perience shown manganese, without doubt, as 
a reducing agent in the oxide of iron. M. Bender has ascer- 


tained that 0.35 per cent. of o: is sometimes found in Bes- 
semer metal before the introduction of spiegel, and Mr. Snelus 
has found 0.27 per cent. in the same case. It may be taken 


for granted that the addition of manganese imparts new and 
ies, and when it was discovered that this 


was the active element of spiegel, tit is not sur- 


P that ts were soon with a view 
7 coalening ? in a special product. The result of the 
experiments which were practically conducted by Mr. 
Henderson, of Ghangee, Wye ere pares Wee 
duced into the market. The yield of manganese did not 
exceed 25 per cent., and its characteristic feature was that 


it was not affected by the magnet. 
of the 


When, in land, the 
man was given up, the Terre- oire Steel 


Works Company patent right from the in- 
ventor, perfected the process, raised the yield of 
to 75 per cent., and reduced the price 50 cent. 

The object of this is to consider principal uses 


to which this alloy of iron, manganese, and carbon—ferro- 
manganese by name—is applied. 


is in manganese the less carbon remains in the le 
Ferro- 75 per cent of manganese is, 
therefore best where solbest cast mastal te regained. 





* Paper read before the Iron and Steel Institute. 
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of steel, manufactured from the same 
ig iron, but in the first instance spiegel was 


tn the second ferro-manganese : 


tons per sq. in. tons per sq. in. 
Limit of elasticity . 2 16 
Elongation per cent. measured 
the breaking strain, with the increased 
here hardness 
The metal, which with- 


load with a small final elongation, 
shape of resistance to chan 


which often induce 
it was tothis unstable equili- 
hard steel, that we must attribute, 
bility of seal pe, anything 
It is necessary, when 5 

hinery, ang oe like purposes, 


nS to onan a ore. breakage 
are always 

less velocity, and are something 

e construction point of view, the exact 
roduct obtained by Plas yp 


elongation, is a decided advantage 
material is not speci i 
has o eel clnatielt in the 
as e y in 

of form, which is 
i i this causes tensions, 

when cooling, and 
brium of the molecules in 


ould be very soft 
sumers should not ire i 


ashock. From th 


alone. These views were long since p1 
Mr. Mallet, and are well known to English 
engineers. Applying them to the two kinds of steel named 
above, and also to common iron, we : 


t itis advisable in a general 
soft. steel, when the diminution of di- 
therefrom 
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process, however, is both a difficult and unce 





where it is adopted at all, it is necessary, in order not to 
spoil the nanaineteve that the 3 per cent. to 4 per cent. 
of manganese required shall exist naturally in the pig iron. 
Where such pig iron is used, great skill is requi on the 
part of the operator, as the spectroscope is not of any use, 
and the colour of the slag is the only guide which can be 
followed. From time to time the ‘‘ blow” is stopped, and 
by means of an iron bar samples of slag are taken out. 
When the quality of the product is found satisfactory, the 
rocess is stopped, but it requires great skill to tell when 
this int has been reached. Generally the product is not 
regu r, and owing to the high temperature employed it 
still retains, in spite of its little carbon, a cular 
crystalline structure, which is found also in ssemer 
operations, where the pig iron is saturated with too much 
silicon. I¢ is certain that in countries like Austria, and the 
part uf Germany where this process is used, soft metal, 
owing to the nature of the pig iron, is not met with as a 
merchantable produce, and has not thus far produced good 
results. Ferro-manganese is there of great remy and 
to employ it usefully, the manufacturers are doing they 
can to lessen the yield of manganese in pig iron. Ferro- 
manganese, therefore, is more generally being brought into 
use, as it is found to be the means of obtaining soft steel, 
and the reduction in the price is assisting in increasing its 
use, seeing that the employment is rendered more economical 
and judicious. Another advantage is, that it can be applied 
as well to the Bessemer as to the Siemens-Martin process. 
2. Us or INFERIOR MATERIALS IN THE MANUFACTURE 
or STEEL. 


produced from iron are fusibility, hot onging or rolling, 
and various degrees of strength. The chief property of 
the carbon is to impart fusibility to the iron, ,.at the 
same time, it lessens and sometimes altogether destroys its 
rolling or forging no ig iron thus ‘derives its 
quality of being fusible and not ro ing to the great propor- 
tion of carbon it contains. When the yield of carbon is 
decreased, the fusibility is also lessened, but the property.of 
drawing out is increased. Carbon, therefore, destroys the 
© ierclanes tna peovel- thats roducing a smelted tal 
perience has pro in a me 
nearly void of carbon, metal inlion to the softest qualities 
which have been spoken of above, it may, contain. up,ta 0.4 
per cent. of phosphorus, 0.2. per cent. of sulphur,,1 per.cent. 


of silicon, and from 2.to 3..per .cent. of ». With, 
ont losing its somomng ont properties. . An alloy of silicon 
ond irom, ae aa vee eee Nie paigh, wheter 
n ly forged. The question w 
the carbon acts in opposi ‘on to these different bodies, or is 
it the carbon only whieh - exercises the unfavourable eff: 
in the drawing out. Two causes seem to, beat work, but it. 
is difficult to explain the phenomenon, Whatever it be, 
have changed their opinions: on: 
7 this: pets and no doubt the future will decide the ion, - 
i and iron will be presented under a new form to, the. , 
-| It is like a-productive mine of new alloys put at, 
moe hes heey F mans male re "4 
= oshell seb apek 0 silicon,. as. it is 9 
of any great extent in steel, except when if is, afterwards, 
purposely introduced. =e and phosphorus, on 
other hand, are often found in the p of steel, 
the it may be taken for granted that the former can be got rid 


he than 0. hosphorus, it i iblet+o make 
ip 10 was - 
Jiald of 0.5 


doubtedly this nity be very sensi ta 

Ce prseeeen e eeian a 

rsis . never |. 

overturned an tate the < f 


of any more use then. to 


cent. of phosphorus, be fit for rolling eotly 
that is provided traces only of carbon..are tk 


cies ee ts teesaling: it was mocarpary thah | 
Seen eet 


is. WAS; 
pendent that esta i “pew | phorus 


Bending Tasts, »..:. 
Bessemer Steel.and Phosphorous Steel Rails... 


Samples taken ia the 


Samples rolled into plate 21.3 36.5 17.7 21.3 

The rolling into plates } in. does not much alter the hard- 
ness of ordinary steel, but it softens phosphorous steel to a 
remarkable degree. It is possible that part of the carbon 
is consumed by this thin rolling, but it is more likely that 
there is a new fact brought to light, viz., the destruction 
of the crystalline state of the metal through the alteration 
i . a and compression of the matter. The fracture which, at 
The most important in metals | the inni 


the most important p' 
the metal power of resistance to shocks. Starting with an 
ingot of heavy section, and rolling the rails in two or three 
, more phosphorus may be admitted without alteri 


somewhat unimportant matters. At! it may 
ah Rab ed Reet eee ee, yor maga to.-0.4 per }, 


It hae been Jong, known phosphorus. made the rolli 








Nord, France, 6Lib. per yards: _. <; ne 
D:stanceapart of beariogs, 1 metre ¢3 ff. 3} in.) , 
Average ¥ 25 Charges...» ° 
" Bessemer - orous 
Loads in Ibs. Steel. Steel. Description. 
- * inehes. inches. 
27,600 01° (00 0.09 00 Bessemersteel. 
38,600 0.12 00 O11 @0 Carbott 0,45 to-0.55. 
44,000 0.14. 0.0 18 08 Mangenese?.15 to 0.25. 
85,200 0.17 0.08 -. 0.17..0.04; Phosphorns 0.0%: 
66,500 032 0,13 094 0.73 steel. 
72,500 0.64 0.40 1.50 1.24 Carbon 0.15 to 0.20. 
iene = Manganece 0.25 to 0.35 
Breaking f iL phosphoras0,27 to 0.32 
Weights { 110,000 108,000 


ing tests show that up to the point of elasticity, 


hosphorous steel behaves in much the same manner as 
er steel of ordinary purity. Further on, the per- 
manent deflection is stronger, metal gives way more 
under pressure, and the breakage takes place somewhat 
sooner than with pure steel. These results are confirmed 
by the tensile tests made with the same materials, par- 
ticulars of which are given herewith : 


Tensile Strength. 
Tons per Square Inch. 


The Rails are those of Limits Breaking Elongation per 


of 
the 25 Charges above. Elasticity. Weight. per Cent. 
Bessemer Steel. tons. tons. Over 8in. Over 4 in. 
Samples taken in the head 
of the rails one we 24.7 49.7 7.0 8.5 
Samples taken in the 
DR se me | 48.1 7.0 8.5 
Samples rolled into plate... 238 45.6 9.5 11.2 
Phosphorous Steel, 
en in the head 
of the rails P 242 33,2 9.5 11.2 


25.5 35.5 10.2 12.7 


was granular, has a tendency to become 
. This is a = curious molecular modification, 
ical result of which is to give to 


resistance ; and, on the contrary, with an equa 


wer. of 

of phosphorus, a greater resistance toshocks is imparted 
the rail..This fact has nothing contrary to rule, and 
already been proved by the that phosphorous iron 
has been rolled into small bars, and this is well known by 
the ironmasters of Cleveland and the Moselle department. 
The resistance of phosphorous rails to shocks varies with 
the severity.of the tests. In France, where the resistance 
to shocks..is measured only hy a ram of 300 ae 
(662.06 Ib.) falling from a heignt of two metres (6 ft. 62in.), 
phe heroua stands the ly well. 


perfect], 
(shock) test on th ing rails, ram of 


e 
300 kilogrammes (662.06 Ib:); anvil, 10 tons ; distance of 
bearings apart, 1.10 metres (3f¢. 6} in.) ; rails of 61 Ib. per 


ts of © Bessemer Steel Phosphorous Steel. 
Feet. ’ Deflections in Inches. ions in Inches. 
abd geo 0.038 - * a. be 0.07 
Ee IER Wa FF, 0.13 
ak 0.14 ose acs 0.31 
he ' 0.30 aes dé 0.47 
ve) 0.50 wed Bid 0.91 
ia 0.90 mee ned 1.32 
Cessasteg * 1,30. as ot 1.80 
‘12 ft. to 14 ft. 11 ft. to 12 ft. 
rails have to stand heavier tests, for instance 
with ot tdi mmes (2240 lb.) the steel 


rails 
reas a cha one ro eompticn and sh 


manganese on phos- 
ho: pteel. . .. atoge 
4 Ve have said that, in the nisnafuctare of soft stoe) | por 
cent. of manganese in the form of ferro-manganese of 50 per 
cent. was ient to obtain a suitable quality, and that if 


richer, alloys, say. of 60 +t .70. per cent.. of manganese be 


of 
ef carbon would be still less. When 
be a 


: opera' 
be ormed in the Siemens-Martin at a cost 
Sax Compares favourably with that of the Bessemer 
precess 


3. ACTURE OF MANGANESE STEEBL- 
3. Manur OF asm made to apply the term 


‘late 5 
«Steel ta certain alloys in which carbon was replaced by 
sundry 
that such a 
Sawing out, sensitive tempering, are taken as 


simple bodies, as tungsten, chromium, 
i has not shown, how- 
mangwee be Exam tion ia warranted. If fnsibility, 


i 


: 
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distinctive qualities of steel, it may be stated that manga- 


nese steel exists. An instance of this may be given in the 
following analysis : 
Carbon ... ooo 0.38 
Manganese 1.38 
Iron om 98.24 
100.00 


This steel is a fine-grained body, whitish grey and very 
brilliant, Under cold hammering it may be slightly drawn, 
but cracks at the angles ; when red-hot, it is as ductile as 
iron, and is very soft ; when white hot it can easily be Ses oT 
and can be welded together without artificial means. If it 


is tempered in water when bright red, the surface scales | j 


and becomes as hard as quartz, then it becomes brittle, 
and the fracture is more brilliant, almost white, and without 
the bluish glitter. These are, if I mistake not, the pro- 
perties of a real steel. If manganese was not in the metal, 
the small proportion of carbon would place it in the class 
of soft qualities, which cannot be obtained by spiegel ; 
this is, therefore, a new body, {which will in the future 
play a prominent part in metallurgy 

Let us suppose that in the Bessemer or the Siemens- 
Martin process, and with bodies of ordinary purity, 14 per 


cent. of manganese is added by means of ferro-manganese | j 


of rich yield, 60 to 75 per cent. for instance. Experience 
has shown that only } per cent. is n for the reduc- 
tion of the oxide of iron, and that the metal retains about 


1 per cent. of manganese, with not more than 0.2 per cent. 
of carbon. The following are the results of tensile tests 


made with four different smeltings of this metal with.1 per 


cent, of manganese : 


Tons per Square Inch. 
A. B. C. D. 
tons. tons. tons. tons. 
Limit of elasticity 184 181 188 21.7 
Load of breakage ... 35.1 346 340 387.1 
Elongation per cent. 
over Sin. ... .» 20.0 21.0 20.0 21.77 
Elongation per cent. 
over4in. ... ... 25.25 26.3 25.0 28.80 
This same metal, when at a cherry-red heat, and tem- 
pered in water, an ave’ breaking weight of 48 tons 


to 50 tons per square inch, with an elongation of 4 per cent. 
measured over a length of 8 in. Its most important 
characteristic—as may be gleaned by analogy from what 
has been said above, relative to the phosphorous manganese 
metal—is its resisting power to shocks. Axles, for instance,- 
have to withstand bendin y 
to straighten themselves again, the test being made on the’ 


centre of the axle, the diameter of which, where the weight | 


falls, is 4in. This, as manufacturers are .well aware, is a 
very severe test, and it is only good metal that can with- 
stand it successfully. It can, however, be said that when 
1 per cent. of manganese is added to a steel i 


once, but the operation may be repeated several times, and 
the axle will spring to its origi i 
metal is not yet well known, that is as far as 
the uses for which it is applicable, it must 
that there exists in it a superior quality, which it is easy t 
give to all steel. 

The jetitows combination and treatment of the different? 
elements which are at the disposal of man will attract mo 
attention in the future, but only little is known on th 





question at present. Amongst the elements, we aer perf 
—it is found 


most readily used for admixture, is manganese 
— ed as a mineral product, and is a most acti 
element. 

We must again refer to this influence of m: 
cause of its utility in the production of steel, may say 
that the conclusions formerly arrived at, have been come to 


i) 


more by reasoning than by actual e t. 4s 
Tn costal y xp. A ie 


cases gira — is found in small qu 

partly eliminated in the successive ions, 
it may be stated that the ection - of qbemical analysipl 
did not admit of the detection of the- small portion 
manganese contained in an excess of. iron, ese 
now found in the best steel, where its presence form 
was not even suspected. It may now be affirmed that t 
“a ”’ propensity of certain minerals is. availab 
for all districts where ~_ do not existin a state of nature, 
under the simple and useful form of ferro-manganese. 


tities, and is 








QUEENSLAND IRoN SHIPBUILDING. -— Messrs. R. Rut 
Smellie and -Oo., of Bris » have recently launched the 
fourth iron steamer built by them in that town. The vy 
which was 
the Queensland Government, and she is to be employed 
a tug on the Mary river, in connexion with 0} 
tions, about to be carried out there.- The Lucy, which is a 
paddle steamer, is of the following dimensi 
90 ft. over all; beam, 17 ft. ; depth of. hole, 
is to have a grasshopper engine, of 40 horse power no-/| 









PouGHKEEPSIE Briper. — The Poughkeepsie Bri 
On y has let a contract to the Amesionn Bridge —_ 
Th 


525 ft. each, from centre to centre of 
having a clear width of 500 ft. at water 
spans and approaches are ;to be built for two tracks, with} 
sidewalks an 


or deck bridge. The five river spans are to have each two 
trusses, 25 ft. from centre to centre, on a rectangular plan 
with double intersections, constructed of steel and iron 
combined. The base of the rails, which will be of steel, 
will be 198 ft. above high tide, and the top of the piers 


produced inj‘ 
the manner already described, not onlyjis the test withstood | # 


ition. Although this} # 


aS Tt 


Tra- | dou 


ions: Length; 
7 ft. 3 in. Shet 


t Companys} 
cago, for the construction of the works contemplated} 
e main river bridge will be composed of five spans of }¥ 


jiers, each span} , 
Tine. The verde 


iron handrails throughout, and when com- 
pleted, the structure will be what is termed an =e 4 


THE CASSON-DORMOY PUDDLING 
FURNACE.* 
By Mr. E. Fisuer Smrru, Dudley. 
Iv is generally confessed that, - within the 
years, but comparatively little attention was 
Great Britain to economising fuel. With a low price of 
coaland dear labour, it is, no doubt, in many cases, perhaps 
more economical to.. work with the sim i 
conditions were much 


last few 
i in 


. 
a id 
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g to the extent of 5 in., and then} const 
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Pap fre a & jet of 
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essel, | in’ 
the Lucy, has been built to the order of vo 
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etre grate fod a tho mal way’ "The pudilieg 
it cool. e grate is fed in the usual way. e 
basin rests on a brick pillar about 1ft. 4 in. poe th 











135 ft., giving a depth of trusses of 58 ft. 





* Paper read before the Iron and Steel Institute. 
















and. On this is first set a wrought-iron circular open 
ish with sides about 4 in. deep; within this dish, eight or 
more friction balls, 5 in. in diameter, are placed at equal 
distances from each other. On these spheres, two cast-iron 
semicircular plates are laid. On these plates again, four 
side or segment plates are set, bolted together externally 
by means of wrought-iron pins, and my ny. Be complete 
circle. Upon these are placed loosely the shelf or table 
plates, which, resting upon brackets fixed to the rail buck- 
staves, support the ls of the furnace. All the plates 
forming the basin are thus free to expand and contract 
with the variations in the temperature. The dish below 

ing kept full of water, the aay ay produced from the 
heat above efficiently cools the bottom and sides, and con- 


Any | sequently the fettling. The furnace is worked in the fol- 


lowing way : The pre tory chamber, besides heating the 
serves as a neck to the whole furnace. As soon as 

is melted, the rabbles, which are so set that they 
éannot catch in to each other in crossing, are fixed to the 
machine, and worked at the slow motion for about five 
minutes. This speed is quickened until the iron boils, 
when the slower speed is put on till the iron drops. The 
ing chamber is then ry this is done with a few 

a time, so as to ena’ ie teen SS get eqeslly 

the last, in order to 


all through ; ig is kept to 
placed near the bntige thereby | 
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ing the ends of the 
from absolutely melting. rabbles are then re- 
and the.real work of the puddler by his ball- 


up the iron in the usual manner. The which are 


| of the ordinary size, are drawn from each door, and the 


tapped. A few shovelfuls of hammer slag and scale 
on the bed, and the pigs, which aw mean- 
are 
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% of the rberatory 
, rever! 
to have whe seen of sa 
, castings, bricks. 
in which to apply this » CAL niu , 
roe Ba its current work or its plant, whilst 
arab! i . or other pur- 


poses, inasm: furnaces ‘ do the work 
of 15 old single ones. i 






















Tux Burra Minz.—After a lo’ iod of comparative 
inactivity, the once famous ioe ees mine, in South 
aT were has again become the scene of something like its 
old ref Tee dane are once a Se vigo: 

rosecuted in long deserted workings; the new manage- 
eit is at once energetic and economical ; the t feature 








jn the mine now is the careful utilisation of water-power. 
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MONTREAL. 


THE PROPOSED ROYAL ALBERT BRIDGE, 


ME. CHARLES LEGGE, ENGINEER. 


(For Description, see Page 249.) 
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SHIPPING LEGISLATION. 

THE debate in the House of Commons on the 
third clause of the Merchant Shipping Bill, and the 
division which followed, were marked by one striking 
feature that has been recognised by the whole daily 
press, both Liberal and Conservative, with one ex- 
ception. 

It is admitted all round that the arguments were 
entirely on the side of Mr. Plimsoll, while party and 
political pressure, catch phrases, and misrepre- 
sentation formed the stock-in-trade of the Govern- 
ment and its supporters. The Times alone of 
the metropolitan daily press thought the House 
probably did right to reject Mr. Plimsoll’s amend- 
ment, but the writer of the Times article showed 
at the same time most palpably that he had 
never taken the trouble to ascertain what the 
amendment really was, or what was the issue raised 
by the division. He says if Mr. Plimsoll’s proposal 
were practicable it has much to recommend it. He 
then goes on to explain that Lloyds survey vessels, 
and give them a class for the full time they can be 
expected to remain seaworthy, and afterwards watch 
them by means of annual and other periodical 
surveys. ‘If this were Mr. Plimsoll’s proposal 
(says the Zimes) with respect to unclassed ships, it 
would be comparatively practicable. But it is, in 
fact, something entirely different. Itis to survey 
every ship every time that she clears out of a port 
within the United Kingdom.” The article goes on 
to say it is to decide whether, in every particular of 
her construction, repairs, and equipment, the vessel 
is for each particular voyage in a seaworthy con- 


dition ; that it would be like putting a Government 
inspector on the platform of every terminus to in- 
spect every train before it starts; and that it would 
Labia J inflict extreme inconvenience upon com- 
merce if every ship on every voyage had to wait for 
the convenience of a Government inspector. 

Nothing could be more absurd and mischievous 
than for a great journal to argue like this in utter 
ignorance of the essential facts of the case. Mr. 
Plimsoll did in effect propose what the writer in the 
Times says is practicable, and has much to recom- 
mend it. He did not, and he never has made the 
foolish proposal the 7imes imputes to him. Repre- 
sentatives of the Board of Trade have it is true over 
and over again tried to fasten such wild schemes 
upon Mr. Plimsoll, but the more fully the matter 
is discussed the more certain it becomes that Mr. 
Plimsoll’s pro will in the end be judged on 
their merits, instead of upon such misrepresenta- 
tions of them as these. 

As our readers well know, the third clause in the 
Government Bill is intended to make the managing 
owners of ships criminally liable for sending or at- 
tempting to send an unseaworthy ship to sea; and 
in order to make this provision effective, and to 
bring shipowners to justice, the practice of our 
criminal law is to be reversed, and the owner is to 
be held guilty unless he proves he used all reason- 
able means to insure the vessel’s seaworthiness. 
Our views on the injustice as well as the inefficiency 
of this clause were fully expressed a fortnight ago. 
They have since received strong confirmation from 
the debate in the House of Commons, as well as 
from the utterances of one of the ablest and most 
fearless of our judges. Addressing the grand jury 
at Liverpool last week, on the case of a man being 
charged with a misdemeanour in having sent an 
alleged unseaworthy ship to sea, and referring to 
that part of the clause which provides that the 
owner may give evidence, Mr. Justice Brett 
said, ‘‘ There is something which when one first sees 
it, will bear a strange a ce, There will be 
seen for the first time in the history of this country 
—for myself I confess I shall shudder when I first 
see the experiment tried—a man standing in the 
dock charged as a criminal, and the book handed to 
him, and I shall see him sworn on it. Such a thing has 
never re been seen. I may;also see counsel standin 
up and cross-examining the prisoner in the dock. 
have nothing more to say about it, but confess 
that the first time I see these things, I shall 
shudder to think of the change in the administration 
of the law of this country. I shall be obliged to 
obey it, but I shall do so with the greatest possible 
reluctance.” 

This then is what we have to expect from the 
Government clause which was carried by a large 
majority in the House of Commons on Monday 
night. Mr, Plimsoll’s alternative proposal was to 
insure ships being sent to sea in a seaworthy state 
by examining them beforehand instead of in- 
venting instruments of torture to apply to the 
owners when it is too late, when possibly the vessel 
and all hands are at the bottom. of the sea, Mr. 
Plimsoll proposed to exempt ships classed in Lloyd’s 
or the Fe, mee Registers, the Cunard steamers, 
those of the Peninsular and Oriental Company, and 
any other well-known ships the Board of Trade might 
think fit, from interference, and to enforce a com- 
sum 5 periodical survey on the remainder, We 

ave more than once shown in these columns, that 
with such exemptions—which are obviously just and 
reasonable ones—and after deducting little crafts, 
yachts, and river boats, there would only re- 
main about 3500 vessels for the Government to 
deal with, and these are unquestionably the very 
worst kept shipping in the country. Mr, Plimsoll’s 
proposal in point of fact amounted to extending the 
principle of the law, now applied to passenger ships, 
to these few thousand old ‘‘unclassed” and “dis. 
classed” ships, which in their present neglected state 
are sO wwinallo that they have to pay 20 per cent. va 
annum, and sometimes more, for insurance. Tr. 
Plimsoll also pro to leave it within the discre- 
tion of the of Trade to survey other vessels 
if required, such we suppose as in the cases of com- 
plaints from the crew, or of any special grounds 
arising to suspect othe wes clad tes Go The 
main of the pro was to compel the Govern- 
ment ng ows Sees three or four thousand old 
ships which there are strong grounds for believing 
unseaworthy, and after that to keep them under the 
eye of the Board of Trade by examining them 
periodically, and passing them for a certain time as 








is now done with passenger steamers. 





The case was ably made out by Mr. Plimsoll, who 
left nothing to be desired, either in clearness, sound- 
ness, or moderation. How was it met by the 
Government and the other opponents of the amend- 
ment in the House? Sir Charles Adderley imme- 
diately announced that if the House of Commons 
decided for the amendment, that is to say, if the 
House determined to do for these old unclassed ships 
what is now being done for passenger and emigrant 
ships, the Bill would be dropped, as there could be 
no compromise entertained on the matter. That in 
itself was sufficient to rally the supporters of the 
Government, and insure a victory on the division. 
It may yet prove a victory ony bought, and the 
precursor of another undignified surrender to the 
voice of the people. The arguments of the Pre- 
sident of the Board of e were childish and 
inconsistent, and his errors and misrepresentations 
were thoroughly reprehensible. He maintained that 
the ships thrown on the Government for survey by 
the amendment would “consist partly of the best 
ships which did not require to be certified, and partly 
of the worst,” and asked “ why should the honour. 
able —7 (Mr. Plimsoll) harass and vex the 
best ships in the country in order to get the worst 
into his classification?” He quite ignored the fact 
that these best ships to which he refers, vessels be- 
longing to the large companies, are already surveyed 
periodically ws bes own department for passenger 
certificates, Besides which, the Board would have 
power to ae any such vessels from survey if 
they were satisfied as to their condition, so there is 
not the least excuse for Sir Charles Adderley’s ob- 
jection to the amendment on this score, Then he 
says that for the Government to fix standards and 
formularies in the iy art of shipbuilding 
would be ‘‘ infatuated folly "—as if, surveying some 
three or four thousand defective old ships, to insure 
their being kept in decent repair, could possibly be 
twisted into fixing standards and formularies in the 


pro ive art of shipbuilding ! 
e says that the survey of passen ships is 
already doing harm, and is not sure that the Go- 


vernment cook Wh of mines has not done as much 
harm as . Why then not pro to abolish 
the survey of passenger ships, and endeavour to 
find out whether the inspection of mines should be 
treated in the same way? The fact is the survey of 

nger ships has become irksome and more or 
ess useless—unnecessarily so—because it has been 
left in the hands of engineer surveyors holding 
strong views and crotchets about boilers and safety 
valves and a few other matters, and uainted 
with the essential parts of the structure of a ship. 
The consequence been vexatious restrictions, 
and empirical rules—which nobody believes in—for 
—_ particular parts, and carte blanche for all the 


others. 

Again, Sir Charles Adderley argued as if Mr. 
sare pro wet big from the Govern- 
ment a certificate on lea’ rt every voyage 
and this was the delusion ia by, the Welles in 
the Times, The proposal was nothing of the kind. 
It was to obtain for unclassed vessels at some op- 
portune time for holding a survey, a certificate of 
seaworthiness for a stated time, like a passenger 
certificate, or like a class from Lloyd's, Again, he 
a Mr. Plimsoll with having at first advocated 
the Government survey of all ships. Mr. Plimsoll 
corrected-him on this Be: and showed that he 
had from the first asked only that unclassed shi 
should be dealt with. Again, to disparage Lloyd's 
and the Liverpool Registers, the President of the 
Board of Trade endeavoured to associate with them 
the “‘ Bureau Veritas,” a concern carried on abroad 
as a private speculation, and having no pretensions 
to Government recognition as a public institution 
either in this or a other country. 

He next assumed that the two large companies 
mentioned in the amendment were to be the only 
two whose vessels would be exempt, in spite of a 
provision in the amendment for including others in 
the exemption. And so on through the . 
which was a tissue of truisms, blunders, and so- 
a quite unworthy of the meanest member of 

arliament, much less of a minister of the Crown. 

Mr. Reed showed conclusively the unsoundness 
of the Government position when they in one breath 
said it was no part of their duty to examine ships 
and certify to their seaworthiness, and in the next 
breath they ask for powers to enable them to sto 
any British ship afloat and decide whether she 
seaworthy or not, It is essentially the Govern- 
ment proposal, not Mr. Plimsoll’s, which submits 
the good shipowner as well as the bad to the risk 
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of annoyance and interference, because instead of 
the Government namo! rane high saa 
low class shipping-property and dealing wi 

in the most eotable nary Ben treat nay all alike, 
and want io place them entirely at the discretion of 
individual surveyors, 

The speech of Mr. Shaw Lefevre rivalled that of 
the President of the Board of Trade in its inac- 
curacy ; while the speech of Mr. Norwood will 
seercely assist in establishing that honourable mem- 
ber’s standing in the House or increasing his in- 
fluence in the mercantile world. The speech of 
Mr. Forster in support of Mr. Plimsoll’s amendment 
was manly and logical and worthy of his high repu- 
tation. Itis an enormous gain to the cause Mr. 
Plimsoll has at heart to have secured the co-opera- 
tion of Mr, Forster and Mr. Reed, and we by no 
means despair of yet seeing the Government extri- 
cated from the untenable position into which they 
have been deluded by advisers whose long years in 
Government offices  Frsni instead of enlightening 
them, only tended to strengthen their erroneous 
ideas, and to blind them more and more to the 
actual outside working necessities of the mercantile 
marine, 








THE GAS QUESTION. 

For the last few years the metropolis and most of 
the large towns of the kingdom have been agitated 
with the gas question, especially in regard to the 
purchase, by the local authorities, of gas works in 
the hands of private companies, The amount of 
money spent in the battle must have been enor- 
mous, both as regards the cost of purchase and the 
incidental legal and other expenses. In the country 
the purchase by corporations has been largely 
effected, with however, very varying results of 
profit and loss to the ratepayers and the public 
generally. 

Naturally, great interest was felt as to what 
course the metropolitan authorities would pursue. 
After much stirring up the Corporation and the 
Metropolitan Board of Works took action, stimu- 
lated by the sudden and serious rise of — by the 
companies from 3s. 9d. to 5s. per 1000ft. of com- 
mon gas. Following this was a hard fight before 
tlie referees appointed by the Board of Trade. They, 
however, confirmed the action of the companies by 
sanctioning the higher prices. 

The Corporation and the Board had no other re- 
source than that of bringing in Bills for purchasing 
or regulating the gas companies. The latter course 
was eventually adopted and the Gas Regulation 
Bill was introduced, But, from a variety of causes 
it had to be withdrawn toward the close of the last 
session. No sooner was this result arfived at than 
the London companies took courage, and by the 
usual period in November numbers of Bills were 
lodged for discussion cage, | the present session. 

efore this began the Chartered, Imperial, and 
Independent Companies resolved on amalgamation. 
This received at first the opposition of the Metro- 
litan Board, the Corporation, and the Board of 
ade, All parties seemed inclined to make some 
concession but no exact definite result was arrived 
at. The Metropolitan Board accordingly proceeded 
with their Bill. But after all the flourish of trumpets 
that introduced it, the result was ridiculous, t 
Friday it came on for second reading, when instead 
of being discussed and agreed to, it was simply 
counted out ! 

This end places the City and the Metropolitan 
Boards inavery unenviable position. Practically they 
have been dead-beat by the tactics and power of the 
companies, ‘This is still more mortifying when it is 
remembered that the metropolitan water companies 
lately treated both these high authorities with the in- 
dignity of declining even an interview. In one sense the 
result may be beneficial, because it will be a warniog 
to provincial corporations not to be too sanguine when 
attempting to purchase the interest of the share- 
holders in local gas and water undertakings. It is 
true that the result will not be of much consequence 
pede eye cyrccun consumer, because certain clauses, 
as the “ sliding scale,” and an initial price of 3s, 9d. 
per 1000 ft. for 16 candle gas, will protect them, But 
the last three years’ litigation must have cost a 
fabulous sum money, what with the cost of 
referees, select committees, &c, All the expense 
must be borne either by the ratepayers or the share- 
holders, or perhaps jointly, so that both will receive 
a amount of shell with the oyster. 

T gre whole question in view, it must be a 
matter of regret to every economist that it lies in 
the power of a few persons to impose such a tax on 








the earnings and savings of the country. What with 
successful and bankrupt companies, all established 
of course for the benefit of the community, the ex- 
perience of the last three or four years gives but a 
very poor idea to the “ intelligent foreigner” of our 
business tact and our commercial prudence and 
probity. 








THE PATENT BILL. 

In another column we print an abstract of this 
Bill as it will appear in the House of Commons. 
The amendments introduced in committee were very 
few, and do.not in the least touch the principles of 
the measure. The wording of Clause 9, which pro- 
vided that the application would be referred to the 
examiner ‘‘on the request of the applicant,” to 
which we called attention in our issue of the 
10th inst., has been modified. The meaning is now 
clear. A similar change has been made in Clause 11, 
where the same phrase occurred. Ambiguities have 
been removed in three instances by a slight modifi- 
cation of the wording, and a transposition has been 
made in Clauses 44—46 in correction of an obvious 
error. Speaking generally, we may say, then, that 
the Bill left the House exactly as it wentin. In 
truth, the Lords showed a disposition to get rid of 
a measure of which they knew nothing and cared 
less, Platform orators are in the habit of thanking 
Providence that there is a House of Lords. In- 
ventors, as such will, we think, hardly feel any 
overflowing gratitude for the eoitinnel existence 
of that venerable institution. 

The tendency of modern legislation is to simplify 
procedure, and the Patent Law Amendment Act of 
1852 was a notable instance of the sweeping away 
of useless, antiquated, and lumbering forms. Not 
that Lord Cairns proposes to resuscitate the ancient 
functionaries who used to batten upon the inventor 
in former days, but he has increased the number of 
stages through which a patent will have to pass, 
and has thus increased the inventor's risk of losing 
his patent by failure to comply with a pure formality. 
As will be seen by our abstract, there are no less 
than three distinct ‘‘ notices to proceed,” the reasons 
for which are not obyious. ‘They would perhaps 
save the department a little trouble, but that is a 
matter to which we do not attach great weight. It 
appears to us that it would have been quite sufficient 
to require one ‘notice to proceed” as at present, 
and that this might have included the “ request for 
sealing.” Further, oppositions might be heard at 
one stage only. 

We have enlarged im former articles upon the 
danger of the examination clauses, and the danger 
is the greater because its exact nature is unknown. 
‘‘ As prescribed” may mean anything or nothing. 
It may signify that the examiners are to make ex- 
cursions inte the whole area of human knowledge, 
or it may mean that me | will only consider applica- 
tions then pending in the office, Far too much is 
left to the tales and Regulations, and we trust that 
inventors will force Lord Cairns to show his hand. 
This system of giving legislative carte blanche, 
so to speak, is very dangerous, and the lesson of 
the Trade Marks Kegistration Act ought not to 
be forgotten. We warned our readers at the time 
that nearly all the details of that measure were 
relegated to the Rules. The result has been precisely 
what we anticipated. The Act had not been three 
months in operation, not a single mark having been 
actually registered, when petitions were presented 
to Parliament praying for its absolute repeal, on 
account of the presse venere of the Rules, 

There is another point to which we must direct 
attention once more. We refer to the clauses com- 

lling user and the grant of oneness licenses. 

he objections to these lie upon the surface. The 
abolition of prolongations is another hardship on 
the inventor. Even supposing that this part of 
the Bill were to become law, and that the statutory 
mode of obtaining an extension of the term of a 
patent beyond fourteen years were to be abolished, 
no one must suppose that ater ag would be- 
come a thing of the past. Inventors would revert, 
and su ully, we think, to the old practice of 
applying for a special Act of Parliament. The ex- 
pense of obtaining an extension would be enor- 
mously increased and a vast amount of “ lobbying” 
of hon, members would probably be ne , 

We hope now to take leave of the subject for 
a few weeks, but we should like to tell the friends 
of the measure (if it have any) that there is really 
nothing to be gained by worrying the inventor, and 
putting stumbling-bl in his path, as if a patent 
were a privilege to be granted grudgingly. It has 








often been said that a suitor need seldom fear great 
men, but he must always be afraid of their creatures, 
The * gentleman” may not be so dreadful a person- 
age after all, but the “ gentleman’s gentleman” is 
invariably a lion in the path. So also the lan- 
guage of the Letters Patent, that is the formal in- 
strument to which the Great Seal is attached, is 
absolutely magnificent and right royal in its style. 
“« We,” it runs, “ being willing to give Encourage- 
ment to all Arts and Inventions which may be for 
the Public Good, are graciously pl to con- 
descend to the Petitioner’s it: Know ye there- 
fore that We, of our especial Grace, certain Know- 
ledge, and mere Motion have given arid granted,” 
so on, And then there are the solemn in- 
p ctions to “all and every Person and Persons, 

odies Politic or Corporate, and all other our 
Subjects whatsoever, of what Estate, Quality, 
Degree, Name, or Condition soever they be,” that 
they do not trespass upon the patentee’s- rights. 
The reception which the.inventor meets with on 
arriving, 80 to speak, at the feet of his Sovereign 
being then so gracious, why should his steps thither 
be dogged by officials whose only object would seem 
to be to trip him up? But to be serious, reasonable 
care and nothing more than reasonable care should 
be taken that patents are not improperly granted, 
and the public should of course be enabled to show 
cause against the grant. That Lord Cairns’ Bill 
goes much further than this, is a view which few 
will be disposed to deny. If it passes in its present 
shape, the trade and manufactures of the country 
will most certainly receive a very serious check. 
Where it is not retrograde it is revolutionary in its 
tendency. 


THE IRONCLAD NAVY. 

THE controversy following upon Mr. Reed’s state- 
ments has died out much more suddenly than was 
desirable, and—as usually happens in such cases— 
just when it was becoming most interesting. There 
only remains in progress what promises to be a 
pretty little personal quarrel about the Italian iron- 
clads of the Inflexible kind, whose designers do not 
take kindly to Mr. Reed's statement that they will 

robably capsize in action, but the public shows 
entably small interest either in the shortcomings 
which Mr. Reed brought home to the Admiralty, or 
in - measures which he proposes by way of re- 
medy. 

We wish we could think the latter (which shall be 
referred to — half so satisfactory as the argu- 
ments by which Mr. Reed proved that our navy is 
—or is becoming, as we should prefer to say—dan- 
gerously weak in ironclads, -Searcely any one ven- 
tures to dispute.that, if the ironclad force of this 
country bears to that of other nations only the pro- 
— stated by Mr. Reed, it urgently requires to 

eincreased; the only, doubt is as to the accuracy 
of the basis of comparison. The exclusion from our 
line-of-battle fleet of the wooden ships, of the long 
ships, and of the four iron ships with only partially 
armoured water lines, is admitted to be justified — 
indeed Mr. Ward Hunt excluded one ship which 
Mr. Reed kept on the list; and the only question is 
as to the basis of comparison—displacement ton- 
nage, A great deal has been, and can be, urged 
against this, but we do not see the way to a more 
satisfactory method. Ton for ton the English Navy, 
existing or nearly completed, ig more powerful tha: 
any other, because it includes the Devastation, 
Thunderer, and Dreadnought, which are not, as yet, 
matched abroad (the. Péter the Great, the two Ita- 
lian Inflexibles, and one vessel building, we believe, 
in France, do not yet enter into the account). Great 
allowance should be made for this fact, which 
cannot be done in a comparison by tonnage only, 
but goo ome see how it can be made—at least 
in terms which will gain general acceptance—upo 
any other system. We should certainly think the 
English Navy stronger than that of France in a pro- 
portion much exceeding that of 113 to 84 (the rela- 
tive be Spar yea tonnage of effective ironclads in 
thousands of tons), yet Mr. Hunt, in what, from its 
official character, was the most statement of 
the late debate, corroborated _ bec’ gp mayen 
it by putting the proportion at » equivalen 
to Lid to Sh or practically the same as Mr. Reed's. 
Mr, Hunt’s figures, Mr. Reed believes, were arrived 
at by an Admiralty formula which professes to take 
all fighting qualities into account, and if this is the 
case, and the formula is a good one, the justification 
for wiing tonneee as the basisis complete. But we 
cannot helpthinking that eitherthe ‘Admiraity, in this 
case, did not use its formula, or else that the formula 
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requires’ ameridment. The two or three most 
powerfal masted ships of the French navy do not 
much, if at all, exceed our Hercules, Sultan, and Mo- 
narch in power, and they have nothing atall to show 
against the Devastation and her sister ships. An ac- 
curate comparison of power, even between twosingle 
ships of not exactly similar type, is, however, almost 
hopeless, for scarcely two authorities attach the same 
value to a single point. We are not aware on what 
formula, if. any, Mr. Hunt’s comparison ‘was based, 
but as an illustration of the uncertainty attaching to 
such attempts we may instance the formula quoted 
at page 285 of the Report of the Committee on De- 
signs, as giving an approximate measure of the effi- 
cieney of fully rigged ironclads, vis. : 
Bfiiciency = 4XOXHXS*, 

Where A is the weight of armour per ton of ship’s 
measurement (displacement tonnage was not then 
in use); G is the weight of protected guns and 
ammunition; H the height of betaeny: port-sills 
above load-water-line; S the speed in knots; and 
L the length of ship, This formula gave the efli- 
ciency of the Monarch and Captain as respectively 
149.8 and 83.3, a difference apparently mainly due 
to the lowness of the Captain’s guns above water, 
which, however erroneously, most of her admirers 
thought an advantage.. We believe there was a 
inaterial difference in fighting power in the Mon- 
arch’s favour, but not the enormous disproportions 
given by the formula, The thickness of armour at 
each vital point; the relative importance of those 
points ; the weight of individual guns and their com- 
and of training; and the coal endurance—are all 
points as important as those admitted into the 
formula, while the great stress laid upon the speed 
(which appears in the numerator cubed) though 
perhaps wise in cruizing ships of the Monarch and 
ifercules class, is much in excess of the advantage 
they would be likely to derive from it in a general 
action, ‘The same formula gives the Minotaur 61.1 
against 58.6 for the Bellerophon, shortness in this 
case receiving less credit than Mr. Reed, we pre- 
sume, would agree to, The drawing up of such 
formule is work which nearly every one interested 
in the subject will think himself competent to per- 
form, and the results will probably not differ much 
more from those of formule prepared by the 
highest authorities than the latter will differ from 
each other, A rough and ready mode of comparison 
is the only one which stands a chance of acceptance 
in the House of Commons or with the public, and 
the best plan is to assume, as Mr. Reed did, that 
every Admiralty has been making the best use of 
the amount of displacement.tons which the funds en- 
trusted to it have enabled it to build. When states- 
men have settled the combinations of foreign navies 
which ours should be prepared to meet, it is for the 
Admiralty to build as many tons of ships as those 
navies possess, and for the naval architectsto provide, 
if they can, more fighting power per ton than other 
people. But it is not safe to discount, to any great 
extent, the superiority due to this latter cause, It 
is based only upon opinion,,and may have no ex- 
istence, and if it has it can only be proved by 
actual battle, or rather by such a series of battles 
as will give both the strong and the weak points a 
certainty of being found out, We all think that 
the gallantry of our officers and men will continue 
to our ships the right to disregard hostile numbers 
which they assumed in the past, but under the 
changing conditions of modern warfare it would be 
fatuous to give effect to this belief in comparing 
our strength with that of other powers, and scarcely 
less so to rely upon the assumed superior skill of 
our naval architects, especially seeing to how great 
an extent foreign navies have had the assistance of 
the highest English talent. With the single reser- 
vation, therefore, that great allowance should be 
made for our ssion of the Devastation class of 
ship, we think the comparison by displacement 
tonnage the only one worth making, and that it is 
the one our Admiralty, and Parliament, should 
always keep in view. 

Mr. Reed proposes that an additional half million 
should be spent upon ironclads each year for two 
years to ee our navy into a proper position, and 
we wish heartily there was the slightest hope that 
Parliament or the public would put. such pressure 
bos & reluctant and not over-filled Treasury as to 
oblige the Government to this course. But here 
our agreement with Mr, Reed ends. He proposes 
po wey: the money upon six small masted ironclads, 

to but somewhat larger than some desi 


by him, and built, we believe, by Earle’s Shipbuild- 








ing Company, for the .Chilian Government, The 
latter have, ona displacement of 3420 tons, a water- 
line belt of 9-in. armour, six 12}-ton guns oaranes, 
with armour ‘‘ of less thickness”), a speed of 13 
knots, and: considerable, sail power. ‘This gives 
nearly. the fighting power of our Audacious class 
on not much more than half the displacement, 

We cannot but deeply regret that Mr, Reed has 
allowed his great authority to be used to further the 
cry against large ironclads. That, we are sure, is 
not his meaning, but it is the meaning certain to be 
put upon his epee: A million sterling would 
give us two Inflexibles, instead of which he offers us 
six broadside ships with thin armour and small guns. 
As our admitted want is not a special foreign service 
class of ship, but an addition to our fighting strength 
generally, it ig sure to be assumed that Mr. Reed 
thinks six of the vessels he has sketched would be 
more than a match for two Inflexibles. He alludes, 
it is true, to the advantage which would be derived 
from the early completion of sucha batch of smaller 
ships, as compared with the slow progress of vessels 
of the heavier kind, but we do not understand him 
to mean—and certainly do not agree—that the need 
for more ships is so urgent that we ought to build 
weak vessels which can be finished in two years, 
rather than strong ones which might take four. If 
he merely means that some more foreign-going iron- 
clads would be of permanent use to us, and for the 
present would e us secure while larger vessels 
were building, we of course agree with him, but we 
have no such faith in the liberality of Parliament as 
to suppose that money will be found to spend both 
ways. Nor do we think that necessity exists for 
adding to our masted ironclad fleet, which is already 
—if relieved from what may be «called line-of- 
battle European duties by the construction of more 
ships of the Devastation or Inflexible kind—in 
excess of our needs, and which will soon receive 
three important additions in the Shannon, Nelson, 
and Northampton. If we build this batch of cruising 
ironclads, the heavy fighting ships will be starved 
for years to make up for them, and as Mr, Reed 
must be alive to this fact, we are compelled to ask 
if he really looks upon the small ships as better 
fighting engines (produced on a given sum of money) 
than the large ones. If he does not think so—and 
we cannot believe that he does —he ought to publicly 
disclaim the inference the Zimes has drawn from his 
last letter. The Zimes has always had a fixed dis- 
like for large ironclads, and a ready belief in any 
scheme, however foolish, for superseding them by 
little ships. Gunboats like the Staunch, torpedo 
boats, Colonel Strange’s impossible small craft, and 
Mr. Brassey's impossible small ironclad rams (which 
doubled in size in the course of two letters), have 
each in turn had its support. As each scheme has 
been exploded, its special advocacy has been dropped 
by the Zimes, which now hails Mr, Reed's proposal 
with rapture, feeling sure that here at last is firm 
ground, and a champion who, in advocating a return 
to small ships, is sure not to pees be ally by talk- 
ing nonsense. But the views which the 7imes now 
endorses hardly sit gracefully upon it. The enlarged 
Chilian ironclads, of, say, 4000 tons displacement, 
carrying 9-in. or thicker armour, and costing at 
least 170,000/. apiece, are very’ different from the 
‘‘ floating gun carriages” to which the Times has 
hitherto pinned its faith. 

We have hopes, moreover, that the Zimes has mis- 
understood Mr. Reed’s meaning, and therefore will 
not repeat the arguments often urged in these pages 
against substituting small for large ironclads in the 
line of battle. Nothing in Mr. Reed’s letters 
diminishes eur belief in the soundness of those 
arguments, but we trust there is no occasion to 
revive them. Mr. Reed said his proposed small 
ironclads would, from their extreme handiness, be 
able ‘to co-operate with the larger ships in general 
actions, and to take part in attacks upon the 
largest and most powerful vessels of foreign navies,” 
This is obvious (though their probable utility in a 
general action where 35-ton, or even 8]-ton, guns 
were in use seems to us small), but it is not a pro- 
posal to abandon the large ships. The 7imes seems 
to quote it as though it were so, and we think it would 
be well if the public were informed by Mr. Reed 
whether his meaning has been correctly rendered. 





WORKMEN'S DWELLINGS IN DUDLEY. 

Tue Artisans’ Dwellings Act, passed last session, 
was evidently n in all our large towns, 
and in most cases was welcomed by corpora- 
tions and other authorities as a boon. We were 





scarcely d, however, to, find. that its. ne- 
cessity oy sage Pe asis evidenced by a report 
d in the Birni ham 


which has recently ap i ing. 
Daily Post, From this.it appears, that some weeks 
pes 


ago the Mayor of Dudley convened a 

at the Town Hall to consider the . 

tion of many of the houses.in the borough, which is 
one of the most important. places. connected with 
our coal and iron industries. .A circular previously 
issued by the mayor showed that since his election 
to office his attention had been repeatedly called to 
the deplorable condition of the dwellings of the 
working classes, The Local, Government Board 
had often called attention to the matter, and also to 
overcrowding, but the Town Council were all but 
helpless because there were no houses into which 
the people could go if their wretched dwellings 
were destroyed. Consequently the health and 
morals of the mining pogelatien were suffering 
to an alarming extent. ‘The town would suffer 
much by the destruction of these houses, not only 
from the loss of labour and wages, but by adding 
to the already heavy rates. ‘The only step that 
seemed of possible advantage: was that of asking 
the Earl of Dudley to assist the council out of their 
difficulty, and it was for this purpose that the meet- 
ing had been called together. 

The mayor stated that he had endeavoured to 
unite the feeling of all parties by inviting every 
class of authority, including the council, clergy, 
school-board members, and others, He had seen so 
much of the dreadful state of the town that he was 
compelled to take some steps. It appears from his 
statements that there were 200 houses totally unfit 
for human habitations and also unsafe. At Nether- 
ton people had to walk on the other side of the road 
in consequence of the tottering state of the houses, ” 
yet the authorities were afraid to turn the people 
out .because there were no other houses to which 
they could go, and yet he should feél himself mo- 
rally responsible if the inmates were either maimed 
or killed owing to the dangerous state of the 
houses. 

Such is an almost verbatim report of the state- 
ment which the mayor made at the meeting. In 
the discussion which followed, the facts were agreed 
to by each speaker. It was suggested that land 
should be purchased to erect new houses imme- 
diately, for much of the drunkenness prevalent in 
Dudley was due to the wretched houses wrecked by 
mining operations to which the miners had to go 
home after a hard day's work. Of course it was 
superint to the meeting that it was necessary to 
solve the awkward position arising from the fact 
that the Local Government Board at any time 
the power to issue a mandamus by which the dan- 
gerous houses should be ordered to be pulled down 
and the unwholesome closed. The general feeling 
of the meeting was in favour of a deputation to 
Earl Dudley, and various schemes were suggested 
for erection of new houses to replace those in a 
dangerous or unhealthy condition, 

It would scarcely be believed that.in a rich and 
populous mining district such as Dudley a state of 
things above described could exist, Bad as the state 
of our shipping interest at sea, and our mining popu- 
lation as working underground may be, it could 
scarcely be imagined that when miners have got up 
safely to the mouth of the pit, they actually, in Dud- 
ley, run more risk of being killed in bed than in the 
coal mine. Surely this state of things ought to 
have been prevented long ago. It is preposterous 
to talk about difficulties of the kind to which we 
have referred, The law.is and has been strong 
enough to provide a remedy for so fearful a state of 
matters as is stated by the authorities themselves to 
exist at Dudley, and we really do not know which is 
most to blame, the Town Council, for allowing such 
dwellings to remain, or the, Local Government 
Board, for not interfering long ago with the abun- 
dant powers it s to remedy the evil, If a 
few mining families are slain by further neglect, we 
should be very sorry to feel the moral responsibility 
which either authority would incur, 


A BATHOMETER. 

Tue name ‘ Bathometer” has been given by Dr. 
C. William Siemens to an instrument which he has 
devised for measuring the h of sea -with- 
out using the sounding line, and which has been 





tested in two Transatlantic voyages. ‘The principle 
m which the action of this instrament on a 
the diminution of the influence of gravitation! 


body, produced by a decrease in; the 


a weight 
ob the strata immediately below it; thus the 


density 
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density of sea water being about 1.026 and 
that of the solid constituents which form the crust 
of the earth about 2.75, it follows that an inter- 
vening depth of sea water must exercise a sensible 
influence upon total gravitation if measured on the 
surface of the sea. 

The amount of this is calculated mathematically 
in considering the attractive value of any thin slice 
of substance in a plane perpendicular to the earth’s 
radius, and assuming the earth to be a perfect sphere, 
unaffected by centrifugal force, and of uniform 
density. If 4 represents the vertical distance of 
such a slice from the point of attraction, then the 
differential of the attraction of each concentric ring 
of which such slice is composed is represented by 
the expression : 

@A=27dh.sin.a.da. , ee 
a being the angle between any ring and the vertical 
h, which expression when integrated between the 
limits 4 and a, and a and o gives 


A.=2eh (1-4) 2 ) ae 


in which for small values of 4 the fac.or ‘a may 
be neglected, when the formula assumes the form 


A\=2erh. F . - @& 
in which A, represents the total attraction to the 
depth 4. 

he total attraction of the whole earth is obtained 
in substituting R for 4 in (2) when the following 
proportion is obtained : 
A, : A=2rh:$¢7RB or=h: }R. 

It follows that if sea water was without weight, 
the total attraction of the earth as measured upon 
the sea surface, would diminish in the proportion of 
the depth to #R; but taking the weight of sea 
water into account, gravity is found to diminish 
upon the sea level in the proportion of the depth to 
33 R or as .8 R, this proportion would be strictly 
correct if the interior of the earth was of the same 
density as surface rock, but the coefficient here 
arrived at has to be diminished in the proportion of 
the density of surface rock to the mean density of 


the earth or in the proportion of about 375 1 


is safer, however, not to rely entirely upon these 
mathematical deductions in constructing a working 
scale, which it is preferable to base upon com- 
parison with the sounding line. 

It may be remembered that in 1859, Dr. Siemens 
proposed an analogous method of obtaining sound- 
ings, and made an attempt to construct an instru- 
ment which should indicate such slight variations in 
total gravitation as would require to be measured, 
but the difficulties connected with neutralising the 
effects of the variation in temperature, and motion 
of the ship were found to be very great. Within 
the last year, however, the exigencies of deep sea 
telegraph construction have shown the value, and 
indeed almost the necessity of having a depth in- 
dicator always to hand, and hence the instrument of 
which we give a di to our readers, not show- 
ing details but only the principle of action. 

It consists essentially of a vertical column of 
mercury contained in a vertical steel tube having cup- 
like extensions. The lower portion is closed by 
means of a corrugated steel plate diaphragm, similar 
in construction to those employed in aneroid 
barometers, and the weight of the mercury is 
balanced in the centre of the dia , by the 
elastic force of carefully tem steel springs 
whose len is the same as that of the mercury 
column. th ends of the column are open to the 
atmosphere, so that its variations of pressure do not 
affect the readings of the instrument. 

The elasticity of carefully tempered steel springs 
having been found by experiment to diminish in an 
arithmetical ratio with rise of temperature, but in a 
different ratio to that of the dilatation and conse- 
quent diminution of the density of mercury, this 
had to be arranged for in the mechanical arrange- 
ment of the instrument. It is evident that if the 
mercury were contained in a cylindrical vessel not 
varying in diameter, its potential would always be 
sensibly constant. If, on the other hand, two cups 
were connected by a tube of infinitely small diameter, 
the potential would diminish with rise of tempera- 
ture in the ratio of the expansion of mercury. The 
form employed in the instrument is a mean between 
these extreme forms, the ratio between the areas of 
the ane that of the tube being governed by 
that of the diminution of the density of the mercury 
and tial of the springs. 

¢ tube is throttled near its upper extremity, in 





order to diminish the influence of the ship’s motion 
in causing vertical oscillations of the m The 
instrument is suspended in a universal joint, a short 
distance above its centre of gravity, in order to 
cause it to retain a vertical position notwithstanding 
the oscillations of the vessel, and it is contained in 
an air-tight casing so as to be unaffected by atmo- 


spheric influences, 
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The reading of the instrument was effected by 
means of electric contact between the centre of the 
diaphragm and the end of a micrometer screw, the 
divisions on the rim and the pitch of the screw being 
so proportioned, that each division represents one 
fa of depth. Another mode of reading the in- 
strument by means of a spiral glass tube fixed on 
the top of the instrument, and connected with the 
mercury in the upper cup by means of a liquid of 
less density is‘“now employed, and has been found 
to be successful in practice. 

The indications of this instrument have been com- 
ee with soundings taken by means of Sir William 

omson's steel wire ap us, and show a very 
close accordance. The following shows what kind 
of indications it has given. On the 31st of October, 
1875, according to soundings the Faraday was at 
noon in 82 fathoms, at 1.8 P.M. in 204 fathoms, and 





at 220 p.m, in 69 fathoms of water, whilst the 





bathometer readings were 82, 218, and 78, showing 
that the instrument indicated a from shallow 
into deep water and back into shallow in a period 
of two hours with considerable accuracy. 
The instrument is also applicable for measuring 
heights above the surface of the earth, such as 
oon ascents, but its indications of the height of 
mountains or elevated plateaus would be affected by 
the attraction of the elevated land, varying with its 
surface, and the instrument is not therefore con- 
sidered reliable for such . Inthe use of 
this instrument, the chief disturbing influence is the 
effect of variation of latitude upon the earth’s at- 


traction, varying as the square of the sine of the 
latitude, the difference between the equatorial and 
um observa- 


polar attraction as established by ne 
tion being ;}:th of theformer. The amount of this 
correction would be calculated as depth in fathoms 
and tabulated for use with the instrument. 

The instrument would be chiefly useful in enabling 
the mariner to determine his position, when in foggy 
or cloudy weather he was unable to take observa- 
tions. If the figure of the ocean bed was laid down 
more perfectly than at present upon charts, and 
such were in the hands of the mariner, he would be 
able to tellin observing his bathometer what was 
the approximate depth of water below him, and the 
direction in which, and the rate at which the depth 
either increased or diminished, while by consulting 
his chart he would then be enabled to determine his 
actual position with considerable accuracy. 


THE IRON AND STEEL INSTITUTE. 
THE annual general meeting of the Iron and Steel 
Institute commenced on Tuesday last, and such is 
the extent of the business which has to be trans- 
acted that it will only close to-day. The influx of 
papers has rendered it necessary to extend the time 
of sitting to four days, a circumstance which clearly 
indicates the healthy condition of the Institution, 
and one upon which it may be congratulated, It is 
true that the meeting on Tuesday was only a short 
one, for the purpose of transacting the routine bu- 
siness of the Institute. But this was necessary in 
order that valuable time should not be encroached 
upon on the following days. The first sitting took 
p at the Westminster Palace Hotel, the Presi- 
dent, Mr. W. Menelaus, occupying the chair. The 
— were commenced by the reading of the 
eport of the Council for 1875. We need hardly 
observe that that document was of a most satisfac- 
tory character, the Council stating that the Insti- 
tution continued in a flourishing condition. The 
total number of members elected during 1875 was 
165, the total number on the books at the end of 
the - being 891. These members are distributed 
in the following manner: In the North of Eng- 
land, 175; Scotland, 83; West coast, 77; South 
and West Yorkshire, Derby, Lincoln, and Notting- 
ham, 87; Staffordshire and Shropshire, 111; Lan- 
cashire, Cheshire, and North Wales, 115; South 
Wales and Monmouthshire, 63 ; London, 92 ; other 
districts, 27 ; America, 18 ; Continent of Europe, 43. 
The accounts for the past year show a respectable 
balance in hand with some good assets. After re- 
ferring to the meetings of the past year, and the 
papers read and discussed at them, the Council 
state that they have awarded the Bessemer medal 
of 1875 to Mr. R. F. Mushet. In conclusion the 
Council express their gratification at the establish- 
ment of an Institution for dealing with the com- 
mercial interests of the British iron and steel trades, 
to wit, the British Iron Trade Association. The 
retiring vice-presidents and members of council 
were os-dested ; these were, under the former head, 
Mr. J. T. Smith, Mr. Walter Williams and Mr. 
Edward Williams, and under the latter, Mr. John 
Lancaster, Sir James Ramsden, Mr. W. S. Roden, 
Dr. C. W. Siemens, and Mr. E. F. Smith, After the 
election of 19 new ordinary members the meeting 
was adjourned. 
The proceedings were resumed on Wednesday 
morning in the lecture theatre of the Institution 
of Civil Engineers, Mr. Menelaus presiding. The 
first business was the presentation of the Bessemer 
gold medal to Mr. R. F. Mushet, who was pre- 
vented from attending personally to receive it by a 
serious illness. The Council, however, had deputed 
the President to wait on Mr. Mushet and present 
him the medal on behalf of the Institute. The 
President observed that in awarding the medal to 
Mr. Mushet, the Council had taken into considera- 
tion the eminent services that gentleman had ren- 
dered to metallurgical science. He had improved 
the quality and cheapened the production of iron 
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and steel. His spiegeleisen process, however, had 
eclipsed all his previous improvements on old pro- 
cesses, and had n the means of perfecting the 
success of the Bessemer process, It was sin y 
appropriate that the Bessemer medal should fall tothe 
lot of Mr. Mushet, inasmuch as the two names were 
inseparably connected with the Bessemer process, 
and would be handed down to posterity in con- 
nexion with Mr. Bessemer’s invention. Mr, Bes- 
semer added to the remarks of the President that 
upon no one could the medal have been more wor- 
thily bestowed than upon Mr. Mushet. 

The discussion was then opened upon the paper 
‘On the Strength of Rail Joints,” which was read by 
Mr. Sandberg at the supplementary meeting of the 
Institute, held in the December of last year. In 
that paper it will be recollected that Mr. Sandberg 
advocated the use of a new form of fishplate for 
the Vignoles rail. In this plate the lower edge is 
returned over the foot of the rail, and then con- 
tinued downwards for 3 in. below the bottom of the 
rail. The result, as proved by experiment, is that 
the joint is stronger than the rail itself. The dis- 
cussion was not very animated owing to the cir- 
cumstance that those present were nearly all rail- 
makers and not rail-users, A few remarks from 
Mr. T, E. Marsh, who argued that it was of no ad- 
vantage in railway practice to make the joint stronger 
than the rail, but rather a disadvantage, exhausted 
the subject.. Before the discussion was closed, how- 
ever, Mr, E. A. Cowper inquired as to the results 
of the use of steel fishplates with iron rails. The 
President observed that he had made plenty of steel 
fishplates for iron rails, and iron fishplates for steel 
rails; but he could not speak as to their results in 
use, a8 he had no knowledge of the plates after 
they had passed the gates of his works. 

Thenext matter discussed was the paper ‘* On Fire- 
clay'and other Refractory Materials,” which was read 
by Mr. Snelus at the nchester meeting. This 
x pe was discussed at the supplementary meeting, 

ut as Mr. Snelus was not then present, he was now 
called upon to reply to the discussion which he had 
had the opportunity of reading. Mr. Pattinson 
observed that the fusibility of a firebrick depended 
on the amount of potash or soda which the cla 
from which it was made contained, Mr. Whitwe 
said that a small proportion of alkali and a large 
proportion of silica in fireclay gave a good result in 
practice, Oxide of iron in some clays was detri- 
mental, in others it was not. Mr. I. Lowthian Bell, 
M.P., observed that, in considering the life of a fire- 
brick, the question of temperature had to be con- 
sidered, as that had largely to do with the length 
of service to be obtained from most bricks. Some 
bricks might stand well in a Whitwell stove, which 
would fail quickly in other furnaces. Mr. Snelus, 
in reply to the discussion, referred to the various 
points raised, and observed that bricks containin 
per-oxide of iron did not e d in the furnace, — 
80 did not break away, and therefore were longer 
lived. He referred to the variations which occurred 
in the analyses of the same clay by different che- 


mists, and observed that analysts would confer a 
boon upon manufacturers if they would supplement 
their analyses by a statement of the results of prac- 
tice with the material which formed the subject of 
the analysis. 

The President stated that it had been decided by 
the Council to introduce a system abr ge dis- 
cussions by oral statements which would be supple- 
mentary to the reading of a. In compliance, 
therefore, with a request from the Counal, Mr. 
J. T, Smith, of Barrow, had consented to introduce 
for discussion the subject of the use of molten iron 
direct from the blast furnace in the manufacture of 
Bessemer steel. In opening the question Mr. Smith 
observed that although for some time past the 
direct process had been neglected and opposed in 
England, it had been adopted for the past two years 
with perfect success at the Seraing Works in 
Belgium, where Mr. Smith had twice inspected its 
working. At the Barrow Hematite Steel and Iron 
Works the direct process was started in September 
last, and had since been worked continuously and 
with satisfaction. The molten iron was conveyed 
from the blast furnaces by rail to the converting 
house, which, although only some 600 yards from 
the furnaces, was nearly two miles distant by rail. 
That was owing to the main line of the railway 
intervening between the two, which necessitated 
the engine running down to a junction and back. 
The iron was run in turn and indiscriminately from 
13 blast furnaces into ladles, in charges of 7 tons 
each, the locomotive conveying two charged ladles 
at every journey, which occupied about 10 minutes, 
The ladles were so arranged that their contents 
were tipped into the converters. There were 8 
converters at work upon the direct process, and the 
yield was about 2000 tons per week, The quality 
of the steel was if anything better than when made 
from cupola iron. There was a decided saving as 
against the remelting process, although that saving 
had not as yet been accurately ascertained. The 
economy, moreover, would be less at the Barrow 
works, where they had. to accommodate themselves 
to the inconveniences of the existing arrangements, 
than it would be at works specially designed for 
carrying on the direct process. ‘The practical 
difficulties attending the process were not very 
great and were easily overcome, The arrangements 
at Barrow, however, were not yet quite ect, and 
several of their details were being worked out 
afresh. 

In the discussion which followed Mr. Smith’s in- 
teresting remarks, Mr. Richards stated that the 
direct process had been for some time past in suc- 
cessful operation at the Ebbw Vale Works, where 
the molten metal had a long distance to travel to 
the converters. Practically that was of no moment, 
as the temperature of the iron was not sensibly 
lowered for at least half an hour after it had been 
run into the ladle. Mr. Snelus observed that he 
had been working the direct process for some time 
past with excellent results. He obtained a yield of 





834 per cent, in ingots, with only 2} per cent, of iron 





as he could then say, the saving in labour was not 
more than about 1s. per ton, and the total saving 
effected was from 4s, to 5s, per ton, Although the 
rocess was very successful, he still saw his way to 
farther improve the method of working, which he 
was about todo. Mr. H. Sharp said he considered 
it very desirable in steel making to use several brands 
of iron, in fact, that would constitute an essential 
point in the direct process, Mr, Bessemer detailed 
some of his early experiences in working out his 
process, and the experiments he had madé years 
with a view to run the iron direct from the 
blast furnace to the converter exactly as was now 
being done. Dr. Siemens observed that when he 
designed the Landore Steel Works he contemplated 
running the iron direct from the blast furnace into 
an open hearth, but that proposition was not carried 
out. The direct process was a marked improvement 
in the Bessemer method of conversion ; it, however, 
depended for its success upon perfect regularity of 
youre es careful attention to the blast furnace. 
Mr. C, Markham observed that he had frequently 
run cylinders and other large castings direct from 
the blast furnace with satisfactory results. 

The discussion was long, animated, and interest- 
ing; it was one, however, during which several 
speakers wandered far from the subject of the direct 
process, and entangled themselves in sulphur and 
silicon, and in Fairbairn’s experiments on the 
strength of cast iron. In closing the discussion 
the President observed that the direct process was 
least interesting and important, and he was now 
making arrangements for the adoption of that pro- 
cess at’ the Dowlais Works, He was introducing 
several modifications in the details of his arrange- 
ments, and amongst others he had designed 8 
which would be tapped on reaching the converter, 
instead of being tipped as was the —— practice. 

There were two papers on the for reading, 
but as the discussions had occupied a considerable 
time it was resolved to adjourn, ‘Those papers with 
others were therefore at yesterday’s sitting, of 
which we shall give an account next week. In the 
evening the members and their friends dined at the 
Pall Restaurant, Regent-street, 





REGISTRATION OF TRADE MARKS. 


As we announced last week, Mr. Lack, the Re- 
gistrar of Trade Marks, visited Manchester by order 
of the Lord Chancellor for the purpose of receiving 
representations from the heads of various manufac- 
turing firms relative to the difficulties of carrying 
out the new Act. A large body of evidence was 
laid before the Registrar, who, it is understood, was 
greatly impressed by what he saw and heard, A 
very general impression appears to prevail that the 
Act will either be repealed altogether or that several 
important alterations will be introduced, At all 
events it is not probable that any attempt will be 
made to carry out the ) yoy rules in their entirety, 
as such a course would have the effect of throwing 
certain branches of trade into utter confusion. See- 
ing that the ostensible reason for introducing a 
system of registration was that foreign courts would 
not recognise our marks because there was no mode 
by which foreigners could record their marks here, 
it is difficult to understand why registration was not 
made ~ agers instead of compulsory. It is not im- 
= e that some such compromise may be intro- 

u 


The following petition from the Glasgow Chamber 
of Commerce was presented to the House of Com- 
mons on Thursday week : 

‘*In the last session of Parliament an Act wae pend, 
intituled ‘The Trade Make Dees en 1875,’ and, 
penned te tee ener S Act, the Lord Chancellor 
made certain general rules as to the of trade 
and other connected 
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that the said Act, and the rules following thereon 
nade by the Lord Obariellor, may. he totally repealed.”’ 
With reference to the comparison of| the fees 
authorised by the Trade Marks Registration Act 
with those formerly charged, we may poipt out that 
no statutory mode.of protecting trade marks was in 
existence before the present Act was passed. The 
Stationers’ Company were in the habit.of registering 
marks and labels under the various Copyright Acts, 
not, however, as ‘trade marks,” but simply as 
printed matter or pictures as the case might be. 
‘There was a clause in the Merchandise Marks Bill 
of 1862 providing for the establishment of a trade 
marks registry, but after very long and anxious 
deliberation it was struck out during the progress 
of the measure, 


DURAND AND MARAIS’ BRICKMAKING 
MACHINE. 
On page 263 of our last volume we published illustra- 
tions of a well-designed brickmaking machine, designed 
by. MM. Durand and Marais, of Paris, and which had 
then found considerable favour on the Continent. We now 
publish, on the previous page, an aving of the machine, 
which has lately received considerable modifications and im- 
provements in this country. As will be seen by the drawing, 
a feeding hopper has been added, consisting of a fixed re- 
ceiver, and a sliding chamber underneath, to which a reci- 
procating motion is imparted by means of two connecting 
rods, This chamber contains sufficient uncompressed clay 
to form one brick, and its size can be modified to adapt it 
to different natures of clay employed. In the original 
machine, the erude method of throwing the clay into a 
hopper was adopted. The manner of lifting the bars car- 
rying the abutment plate, at the end of the compression 
box, has also been changed, and they are now raised by 
means of two cams, one of which is shown on the outside 
of the frame, and driven by a connecting rod and disc 
formed oh the cam. Another cam is also placed at the 
forward end of the machine to assist in raising the abut- 
ment plate. The ram which compresses the clay is made 
hollow, and can, if desired, be warmed by waste steam from 
the engine, ® precaution useful in working with some 
classes of clay, An ingenious detail may also be men- 
tioned, which does not, however, necessarily form a part of 
the machine. - The head of the ram is perforated, after the 
manner of @ stencil plate, with letters or a trade mark, 
and to a block within the ram are attached pieces of steel 
corresponding in form with the perforations just men- 
tioned. Motion is given to this block by means of a cam 
at the moment when the ram is at the end of its stroke, 
and the projecting pieces, passing through the perforations, 
impress the name or trade mark upon the side of the 
brick 
The improved are factured at the Collinge 
Engineering Works, Westminster-Bridge-road, under the 
direction of M, J. B. E. Cavallier, the English representative 
of MM, Durand and Marais, and one of them will be exhi-. 
bited at the Centennial Exhibition of Philadelphia. 
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a PR ert FURNACE GASES. 
On Ca and other Deposits from the Gases of Blast 
» Furnaces un Cleveland.* 
By Mr: Joun Pattinson, Analytical Chemist, New- 
castle-upon- 
In the October of Iast year, Messrs. Gilkes, Wilson, 
Pease; and Co., of the Tees Works, Middlesbrough, 








** blew out’’ two of their large furnaces. As they had only 
been in blast since Mg reg 1870—a of five years 
—it was expected the brickwork of the upper part of 





the furnaces would still be in good 


venting its recurrence in the future. As this 
dition of the bricks has never, so far as I am 






in a line through the side tuyeres. 
The lines marked A show the original shape of the inside 
of the furnace. 
The parts marked B show the firebrick lining still remain- 
ing when the furnaces were blown out. The shaded 
of this, extending from about 35 ft. to about 67ft. above 
the level of the hearth, shows where the bricks were im- 
Pp ~ with carbon in a finely-divided lamp-black-like 
condition. 
The part marked C, next the‘brickwork; extending from 
winat ques naaet tend aaa Tee 
opaque, - semi- mass, co a 
quantity of alkaline salts, which, on e a, 
absorbed water rapidly. The analysis 
is given afterwards. 

he parts marked D indicate where what is known as 
**scars’’ were found. These consist of black carbonaceous 
looking semi-fused matters, and pieces of coke, limestone, 
slag, &c. Some parts evidently contained considerable 
quantities of alkaline salts. These ‘‘ scars’ were adhering 
to the brickwork in the lower part of the furnace, and to 
the white alkaline mass C higher up. It will be observed 
that the black semi-fused deposit of ‘‘scars,’’ &c., occurs 
in very much larger! quantity in the parts of the furnace, 
shown in Fig, 1, than in those parts shown in Fig. 2. This 
is probably owing to the eng distribution of the blast. 

en the furnaces were first built, an empty space of 

about 3 in. wide was kept between the iron casing and the 
outer brickwork. This is not shown in the drawing. 

It will be seen that the ogee firebrick work at the 
bottom of the furnace, and for about 29 ft. above the hearth- 
line, has been yv much corroded and removed. Above 
this, the original diameter of the furnace is kept pretty 
closely, until about 70 ft. above the hearth, where the 
lining is entirely removed by the mechanical action of 
the charges of raw materials as they are thrown into the 
furnace. A little below this point, at the height of about 
60 ft., it was found that the diameter of the furnace was 
actually narrower than the original diameter by about 4 in. 
This is not owing to the adhesion of any extraneous matter 


ure to the air, 
a portion of this 


d | to the brickwork, for the lining bricks were bare and quite 


plainly seen at this point. If the furnace was built 
of the diameter shown by the lines A at this point, then the 
remarkable fact remains that the bricks have been burst 
and expanded by the action of the carbon so as to project 
in the extraordinary manner shown in the drawing. 
The furnaces are 85 ft. high, and the diameter at the 
boshes was originally 27 ft. capacity of each furnace 
is 32,000 cubic feet. 
The lining was made with firebrick lumps, obtained from 
two different makers in the Durham and Newcastle districts, 
one maker’s bricks being used op to the height of about 
40 ft. in each furnace, and the other maker’s bricks above 
this height. It may be stated here that both kinds of brick 
a to be equally affected by the carbon deposit. 
Analyses of the two kinds were e from samples taken 
near the outside of the lining where the bricks were un- 
ected, and as nearly as possible in their original condition. 
They had the following composition : 
Original Brick. Original Brick. 
No. 1 No. 2. 


. Oo. 
Per cent. Per cent, 
Silica ... ane pes 55.70 60.47 
Alumina om 50 31.50 
Peroxide of iro’ 4.00 3.10 
ime 0.37 0.37 
Magnesia 1.21 0.89 
Potash ° 2.60. 2.45 
Soda 0.45 1.25 
99.83 100.03 
During the time the furnaces were in blast, Cleveland 
ronstone from various mines was chiefly smelted, but for 
about six weeks, in 1874, when the strike of the 
workers was going on, one-third of the stone 


condition, and that it 


the whole out and line afresh with new bricks. My atten- 
tion was called to the condition of the bricks which had 
been taken out of the furnaces, and I made some investiga- 
tions with the view of ascertaining the cause of the disin- 
tegration, and, if possible, of suggesting the means of pre- 
con- 


observed or described before, and as the s Tt have 
obtained, possess some points of scientific practical in- 
terest, I propose, at the suggestion of Gilkes, 
Wilson, Pease, and Co., who haveyassi me in every 
possible way, t6 place these results, the members of 
this Institute. Buin atec <4 : 
Ata glance it could be seen that the brick 
were highly charged with ear’ “ , that it 
was in fact the ion of in the 
4 the ~~ Meg & had burst and m. 
e bricks in whi ‘action was most were so 
soft that they could be q fowl other 
inted tool, and could be a fine powder 
tween the finger and ; matter 
stained the rs like lamp-black. Mr. Wood, 
the engineer of the works, very ly and 
noted from day to day the extent of the carbon impregna- 
tion in the buckwork, ee points, as the 
Dai re ena as aaslay ear ts 
rawings from bis measurements. 
taken as the condition of both tereanes, 2s no 
material was found in the manner in which they 
were effected. . Lis from the front to the 
back of the furnace, and Fig. a section from side to side 


The samples of carbon-disintegrated brick taken for 


would onl oe /Seotantar, 8 Foling We poe ‘nays Ye pees aly: obtained from three p marked E, F, and 
the to; of ¢ e boshes; but on examination, it was found} -G in ‘the drawing, ‘and which-are ively 43 f6.; 45 ft., 
that the lining, almost to the top of both furnaces, was so| and 67 ft. above the hearth-line. 

crumbling and disintegrated that it was necessary to pull} The sample from E, 39 ft. above the hearth-line, besides 


con a large quantity of ¢arbon, was highly im- 

ated with a saline substance, existing in some parts of 
he brick in well-defined cubical crystals, which, on analysis, 
proyed te be chloride of potassium. Some parts of the 


sample’e ni small quantity of soluble iron-chloride 
or in d by the taste as well as by chemical 
The contained as flows per 100 parts : 






Disintegrated | rom 39 ft. rth. 
A ™ iis, f” dae \ eae 7 Heike oon $ 
7 "Pee moc ae Ht Sap So 
Gat Be ee OED a 
Soda ; eee oom ar ae 
aoe one eae oe 
piiorite of s ‘eee | 
. ne ee ove, 
labare ... bi RO PS Ss 
le in water. 6 hee ee 8.74 
Silia.... oan ’ dee > 
Protoxide of iron ost 198 
i ian a Ss she 0.06 
n~ a sy 0.86 
Tare “ee ves a 7.54 
_ dy = vai: M76 
Insolyble in water ... id -- 53 
99.3. 


? 

mer 3g = of brick from the part of the furnace marked 

F—45 ft. above the hearth—was so disintegrated as to be 

easily crushed to a powder, like fine sand, between the 

finger and thumb. It was of a rr colour, and in 
e 


<—paee very like a piece of dark coke. The onter edge 
of the piece ted for analysis was’ im d with 
salts which cemented the brick her ‘at this 


clkal 
part, but.only the easily crumbling ees were analysed. 
The third sample of brick marked G was taken from 67 ft. 
above the hearth, about the highest part of the furnace 
where ‘serious disi tion had taken place. Although 
this sample’was much broken up and burst by the carbon 
deposit, it could not be crushed between the finger and 
thumb like the last described sample. - 
These two samples were found to contain as follows : 
Brick from 45 ft. Brick from 67 ft. 


above hearth. above hearth. 
Per cent. Per cent. 

Silica ... pn 55. 55.60 
Alumina ro 30.00 35.40 
Peroxide of iron 3.00 2.67 
Lime ... oat 0.23 0.34 
Magnesia 0.95 1.22 
Potash ... 5.30 2.10 
Soda... 1.67 0.42 
Chlorine 0.04 — 
Carbon... 3.24 2.05 

100.10 99.80 


On comparing the last three analyses with those of the 
original bricks, it will be seen that, besides the carbon, the 
bricks from 39 ft. and 45 ft. above the hearth have received 
a considerable accession of potash. This will be alluded to 
hereafter. The amounts of carbon deposited in the various 
samples examined are respectively 5.97, 3.24, and 2.05 per 
cent. 

Thanks to the masterly researches of our ex-president, 
Mr. I. Lowthian Bell, on the chemistry of the blast fur- 
nace, which have been published in the Transactions of this 
Institute, it is now easy to account for the formation of 
these deposits of carbon in the substance of the brick. Mr. 
Bell, if not the original discoverer of the power of oxide of 
iron to dissociate carbonic oxide, was certainly an indepen- 
dent discoverer of = — fact, — he . sas the 
subject-pre-eminently his own, the remarkable com- 
pleteness of his investigations, whieh: clearly show all the 
conditions.under which the deposition of carbon from car- 
bonic oxide takes place, and the important functions this 
reaction performs in the smelting of iron ores. Mr. Bell 
shows that, when blast furnace gases are brought into con- 
tact with oxide of iron, at temperatures varying from about 
400 deg. Fahr. to a red heat, the carbonic oxide in the gas 
is dooomponet with the ultimate formation of carbonic acid 
and solid carbon. I shall not attempt to describe all the 
intermediate chemical reactions which take place; these 
can be seen in Mr. Bell’s publications. Such, then, are the 
conditions which apply in the case of the bricks under con- 
sideration... It is seen, from the analyses, that the original 
bricks contain from 3 to 4 per cent. of peroxide of iron ; 
the bricks are of a porous texture, which permits of the 
of gas; and there is necessarily always the ae 


quisite tem; . Thus, all the conditions are 
which Mr. has proved to be necessary to cause carbon 
to be from carbonic oxide, and we, consequently, 


deposited 
find that a considerable deposition of carbon has taken 
, resulting in the disintegration of the substance of 


e bricks. 
(To be continued.) 
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THE TREATMENT OF SEWAGE. 
the eighteenth ordi ing of the ion of th 
Institution of Civil Magincnss, held of Tuesday chemin: the 


28th of March, Mr. Geo. Rob. Stephenson, President, in the 


chair, the first Paper read was on “ Sewage Interception 
Systems, or Dry-Sewage Processes,” by Mr. Gilbert R. 
Redgrave, Assoc Inst. C.E. 

After drawing attention to the reports to the Privy 
Council of Mr. John Simon, F.R.8., Dr. Buchanan, 
and Mr, J. Netten Radcliffe, which had supplied most ma- 
terial facts, the author proceeded to show that although the 
water-carriage system furnished the readiest and most con- 
venient method of removing the sewage of towns, there were 
many cases in which that system might have to be supple- 
mented by various interception processes for the exclusion of 
excretal matters from the sewers. But the paper was mainly 
limited to the different methods of removing so-called “ dry 
sewage,” in towns where water was not employed as a 
carrier. Starting with the antiquated midden-pit found in 
almost all old towns as ‘‘the standard of all that is utterl 
wrong,” improved midden construction at Nottingham ron 
at Stamford was explained -by means of diagrams. A 
further improvement resulted in doing away with the 
midden-pit a: Oi by reducing it to a mere space under 
the seat,as at Hull. The next step ina right direction was 
to make the receptacle Je the excreta agg and of ae 
a size as to require uent emptying. rece’ e 
might consist of a box, asat Lega or a tub, or an tron pail 
The Goux system, where the tub was lined with some porous 
substance, was then noticed as the forerunner of. what was 
known as the “ Rochdale System,” introduced by Mr.. Alder- 
man Taylor: At Rochdale a wooden tub was pe under 
the privy seat, and the tubs were changed weekly ; a sepa* 
rate tub served for the collection of ashes, and the tubs with 
their contents were conveyed to a manure fi . Dia- 
grams of the vans, ash-carts, tubs, &c., served to explain this 
system, and the working expenses were F axe in detail. The 
annual total charges for the removal of the ashes and excreta 
were in round numbers one shilling per head of the popula- 
tion. Various closet arrangements were next etieed in all 
of which some dry deodoriser, contained in a hopper or box, 
was mechanically distributed over the freshly-deposited 
excreta. At Manchester, fine ashés, separa from the 
cinders by means of a sieve, were spread over the pail:con- 
tents. The Rey. Henry e’s plan of using dry earth was 
described ; also several other dry closets, including Gibson's, 
wherein the urine was conveyed away by means of a pipe to 
the drains, while the excrement was covered with ashes or 
charcoal thrown froma hopper. Moser’s, in which the re- 
ceptacle was intwo compartments, the front one filled with 
absorbents for the urine, diverted into it by means of a 
guard, while in the other the solids were sprinkled with dis- 
infecting powder by am arrangement of divine and Dr. 
Bond’s, which provided for the deodorisation, by the lifting 
and shutting of the closet lid. In all these cases, as.the due 
effect depended upon the care and decency of the users of the 
closet, it was doubtful..whether, in poor districts, ple 
would not be just as-ready to make use of a material to be 
thrown on by means of a hand-scoop,'as they would be to 
avail themselves of the above mechanical systems of deodori- 
sation. 

Similar arrangements ailed as a rule in ash and char- 
coal closets. Animal charcoal formed such an excellent 
deodoriser, that when the-urine was kept apart from the 
feces, from } oz. to $ 0%: sufficed, if ‘carefully distributed 
after each use of the closet, to temove all disa ble smell 
from the solids. The. separator-pail, devised by the Carbon 
Fertiliser Company, .was.shown to be the only plan of sepa- 
ration which could be adepted:- where the chamber-slops were 
thrown into pails. 

Passing on to the ‘sanitary aspect of the question, the 
author quoted from the Government reports to show that a 
properly-worked interception system was entirely free from 
epee: and without any nary effects her health. 
The pail system, moreover, presented important advantages 
in relation to diseased 4 emer In the words of Mr. 
Radcliffe, “‘ The facility and thoroughness with which any 
required chemical disinfection may be done, and the way in 
which the excrement itself can be wholly got rid of, leavin 
none of its products behind, nothing soaking into the groun 
or hanging about midden-pits or sewers—obviously suggest 
most important powers possessed by this system for prevent- 
ing the spread of excremental disease.” For facility of re- 
moval, for better and improved disinfection and more entire 
freedom from nuisatice, as well as on commercial grounds, 
the separation of the urine from the feces was strongly ad- 
vocated 
_ In considering the.commercial aspect of sewage intercep- 
tion, the author stated-that while it was ienponsite to adduce 
& single instance in which fecal matters, after admixture 
with large quantities of water, had yielded a profit as 
manures; the case was far different when the excreta were 
collected in a concentrated and undiluted form on the tub or 
pail system. The quantity of fecal matters collected yearly 
on the pail system might be estimated at 8} cwt. per head of 
an average population, or 1 ton would be the annual pro- 
duction of 6°16 average individuals. The value of 1 ton of 
pail stuff, calculated by the theoretical value of its manurial 
ingredients (reckoned as forming part of a dry concentrated 
manure), might be assumed at 16s., giving a value of 2s. 6d. 
per hea annum. General Scott had recently proved 
that this value could actually be obtained, and he tot suc- 
ceeded in producing concentrated manures from pail-stuff 
with a margin of profit on the cost of collection and 
manufacture. 


‘The conclusions arrived at were: 1. That in towns where, 


for local reasons, a water-carriage system for the removal of 
possible, by a modifica- 
“2 


the excreta was impracticable, it was 
effect removal without 








and solid dejections, and were emptied at intervals not ex- 


soning one week. 3. That the local, authorities should. 
conduct the removal of the excreta and-also of the ashes, - 
and should regulate this removal by stringent supervision. 
4. That it was possible, by suitable manipulation, to prepare 
from human excreta, collected on the dry system, con- 
centrated manures which would repay the cost of collection 
and cover all the expenses of their uetion. 

The second paper read was on “The Treatment of Sewage 
by Precipitation,” by Mr. W. Shelford, M. Inst. C.E. 

869, “ precipitation” was revived by the Native Guano 
Company, who then showed that in treating the sewage of 
Leamington by the A B C process a net profit of 2/. per ton 
had been realised on manure sold at 3/. 10s. per ton. The 
Company shortly afterwards erected experimental works at 
Crossness, the southern outfall of the metropolitan sewers,. 
and submitted their process to the independent su ision 
of the engineer and chemist of the Metropolitan of 
Works, who reported, in January, 1873, that the manure 
cost 6. 6s. 4d. per ton, and was worth 20s. per ton. This 
had led to the A yma opinion, that whatever value sewage 
might eventually prove to have, there were no means yet 
existing by which a profit could be realised from it. An 
analysis of the cost of native guano at Crossness showed that 
it was the charge for the chemicals which mainly brought 
about the failure of the experiment. 

At Leamington a much smaller quantity of chemicals was 
used, and if the experience at Crossness as to cost of manure 
bad been applied there, the result would have been 38s. per 
ton, the difference at the two places being due to the 
chemicals. This arose from the increase of the dose of A BC 
mixture at various towns, from 1.86 Ib. per 1000 gallons: to 
81.8 1b. per 1000 gallons, and especially from the quantity 
of charcoal latterly employed. The effluent water at Cross- 
ness was “ extremely good” —better than that at Leamington, 
but the Native Guano Company had probably learned the 
lesson that a moderately good effluent water might be pro- 
duced, as at Leamington, and a profit might be shown in the 
manufacture of the manure, if it could be sold for 37. 10s. per 
ton, but that it would not pay, as at Crossness, to produce 
extremely good effluent water by the admixture of a large 
quantity of precipitants of low manurial velue. 

In 1872, Mr. Dugald Campbell’s process was introduced, 
in which phosphate of lime was added to the sewage, after- 
wards precipitated by lime. An experiment at Tottenham 
on 3} million gallons of sewage, gave 22 tons of dried manure, 
valued at-61. per. ton, while the cost of the chemicals em- 
ployed, and the other expenses estimated ag at Crossness, 
amounted to 4/. Os, 9d., showing a margin for carriage, &c., 
of about 17. per ton. Since that experiment permission had 
been obtained to pump sewage from the Heathwall Sewer 
in Battersea Fields, skirting the foot of the rising ground of 
Clapbam Common. That sewer received surface as well as 
house drainage, and the rate of flow in it varied from 
845,000 gallons to 15,000,000 lons per 24 hours. Obser- 
vations had been taken three times a day for several months, 


1874 at Tottenham, where works were completed for the 
treatment of 14 million ms of sewage per day. ‘Che 
works included a“ salmon »” 77 ft. long, for mi the 
chemicals with the sewage, which, al h it in the 
lift of the sewage by nearly 2ft., was worked regularly, and 
gave general witisfaction. drying of the sludge was 
effected cheaply constructed, 


Se ean Milburn’s 
w of the sludge, should 


treat 

have had an area of 18,000 square feet, which w roofed 
would have cost 1000/., and would have solidified the — 
Oe St eee moisture to 65 
or 75 per cent. of Milburn’s machines measured 30 ft. 
by 6ft., and turned out 2 tons of marketable manure in 24 
hours when fed with solidified sludge. The consumption of 
fuel in the furnaces. was 11b. of coal for the evaporation of 
5b. of water, and each furnace sovene 26 H.P. to drive 
it. The works were sto; by the financial difficulties of 
company. This was to ed, because the ex 

ed was enough to establish the feasibility of the process, 
its precise cost, and the saleable quality of the manure pro- 
duced. The result of several months’ working was that the 
actual cost of the manure was 3/. 8s, 9d. per ton. This was 
the cost with insufficient appliances, and no doubt it would 
have been reduced to 381, ton if the works had been com- 
plete. The total cost of fins a ton of manure was 29s., 
which might have been reduced to 19s. The sewage pro- 


y 


duced 32 tons of dried manure per week. It contained 2 per 
cent. of ammonia and 17 cent. of tricalcic phosphate, 
which at 18s. pe unit and 2s, 6d. per unit respectively gave 
a value of 31. 18s. 6d, per ton. 

The ‘résults recorded in the paper showed that in 
those cases where various proportions of chemicals had been 


-used, the cost ofa precipitation process, apart from chemicals, 
was constant in relation to the manure manufactured, and 
was about 30s. per ton of manure. But if one process made 
more manure than another from a given quantity of sewage, 
the cost of treating that sewage would be increased. Simi- 
larly, if one process made more manure than another, the 
increase would be due to the greater bulk of the chemicals em- 
ployed, and the value of the manure obtained from thé 
sewage would be proportionably enfeebled, unless the 
chemicals were of the same value as the matters in —_- 
sion, cr unless they arrested the matters ‘in solution. The 
Lage stg rong apart from the value of the manure, would 
be that which required the smallest quantity of chemicals, 
and the minimum working expense would be incurred when 
the chemicals cost nothing, and when they had no solidity, 
but were added as aqueous solutions or The mini- 
mum cost of a dried portable manure edt in. that case be 
about 30s. per ton, or 62. 88. 7d. per million gallons of sew- 

, containing 70 grains of solid matter per gallon capable 


ot extraction. A 

The following table showed the influence of the chemicals 
on the cost of treatment, the other expenses being the same 
in all cases. The sixth column showed the comparatite 





and had been plotted on a diagram, with a view to show that 


outlay on each of the processes above-mentioned :— . 








Dose. Ditto, reduced to |Qnantityof Manure 
Pounds | Costof| Actual Cost of |g: andard Sewage of 1,000,000 
Precess. Place. Manure’ | Treatment . Galton 
Gallons, | POF *0m | AMY a Gallon. Sewage. 
2341 284 2a 4 tons... 
ABC ... |} Crossness 31.80 516 4 70 15 7 67 49 11.56 
ABG >> =!) Leamington 1.86 117 1 15 18 0 9 6 2 5.29 
Campbell... ..-| Tottenham 9.76 40 9 2 09 35 12 2 8.82 * 
Whitthread —... yi 2.00 13°30 10 12 6 16 17 0 5.35 
Assumed minimum! nil 1 810 papotice 6 8 7 4,46 























there had been little interference by storm water with the 
ordinary flow; that the volume of storm. water when it 
occurred was such as to make the treatment of the sewage 
most difficult on account of the quantity, but unnecessary 
because of the extreme dilution of the sewage; and that 
sewage might be treated by precipitation under certain 
circumstances, even though conveyed by the “ combined” 
instead of the “‘separate system” of sewers. Model works 
for the treatment of 5000 gallons per 24 hours were erected, 
including a mixing trough made like a “salmon ladder,” in 
which the admixture of the chemicals with the sewage was 
effected by gravitation. There was also an arrangement of 
tanks, in six divisions, designed to save first cost, and to 
compel their frequent cleansing, which was an important 
matter, and one too little attended to. The moisture in the 
sludge was reduced more than one-half by means of filters, and 
the sludge thus solidified was dried in one of Milburn and Co.’s 
machines. The sludge was remarkably —— for drying by. 
filtration, on account of the absence of clay in the preci- 

itants, and this point was important, for it solved the 
Fificulty of drying, which had been more troublesome than 
any other mechanical question. Taking superphosphate at 
51. per ton, and lime at 15s. per ton, and the other expenses 
as at Crossness, the best results obtained, out of many ex- 
periments, showed the total cost per ton of the manure to be 


In dealing with sludge, two alternatives were open; to re- 
move and not dry it, and to recover the outlay by fie sale of 
the dry manure. In the first.cage, if the cost of d was 
saved, the minimum expense of treating the sewage:would 
be reduced to one-third, and ‘would cost peer / per bead 
per annum on a population of 30,000 persons. | For’ the re- 
covery of the outlay, sewage manure could have no greater 
value than that which it derived from the sewage. The 
Native Guano Company fixed that value arbitrarily at 
31. 10s. ton for manure, which the Rivers Pollution 
Commissioners valued at 1/.12s. The ammonia alone ob- 
tained from most sewage worth treatment would yield 17. 10s. 
per ton of manure, which would suffice to cover the expenses, 
apart from the chemicals; so that, in short, the success of 
precipitation depended upon neutralising the cost of the 
chemicals employed. That would be easy of solution were it 
not for practical considerations, of which by fer the 
most important was the capital required. Whilst public 
bodies could not undertake the responsibi ing 
it, and + pow enterprise hesitated again to take’ the matter 
in hand, sanitary authorities should pay the minimum cost 
of me 2s. ro terapponts, Lacibrere eo sewage, 
ani uire the owners of preci; m processes to pay for 
hale cnn chemicals and for drying the slud This would 
reduce the public expense to the lowest point at present pos- 





41. 24. 2d., and. its value when containing 10 per cent. of 
moisture 41, 7s, 2d. per ton, estimating ammonia at 18¢. od 
unit, and ipitated phosphates at 3s. 3d. per unit. 

worst sess chewed the manure to be worth 3/. per ton, or 
sufficient to pay the cost of the chemicals, and leave a 
margin. In confirmation of these yeoulte, a were 
given in an appendix, to which were analyses of 
effluent water, and information on the comparative value of 
artificial manures. 

In 1872, also, Mr. Whitthread’s was brought out. 
It was described by the Sewage ittee of the British 
Association as consisting in the addition to the 
mixture of dicalcic and monocaleic 
wards a little milk of lime. Mr, 





mended it after a trial on his Romford I 
quently applied at Luton and at Enfield, and at the end of 


sible, while it would encourage private en’ and would 
thus lead to a rapid solution of the “ ” 80 far 
as that problem was capable of solution by precipitation. 








Tue Suez CaANAL.—In the first ten days of March, 49 
bec dos jg through the Suez Canal. The transit revenne 
_ = by the canal company in the same period amounted 


A Goop Voraaz.—The St. Osyth steamer has achieved a 
success in ocean , ha made the run out, from 
to 


over 43h days. This 
sa result was attained, although the of the 
St. Osyth was reduced during the last ten days of the 


voyage to two-thirds of the usual steaming rate. eX: 
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THE PATENT BILL. 

2 following is a concise summary of the main provi- 
a of the Lond Chancellor’s Patent Bill as it leaves t 
House of Lords. 

Application: Proceedings thereon.—The first step is 
the of an —_—_ and declaration,” with 
“ea tion ibing the nature of the invention.” 
The fee will be 51. Notice of the a 
vertised, and any person having an in 


ication will be - 
in opposing 
+ may do so on leaving particulars of his obj 


ion and 


ean 58 Svcinguliny See 


Chancellor. 

pa 8 patent aol hore tol intents ref 
as against the Queen, as it as inst a subject. 
the officers or commissioners eiministorng any department 
of the service of the Crown may, by themselves, their agents, 
contractors, or others, at time after the application, 
use the invention for the service of the Crown, on s to 
be, before or after the use thereof, on, with the 
approval of the Treasnry, between those officers or com- 


gran’ missioners and the patentee, or, in default of such — 
paying a fee of 21. During six months from date of | ment, settled by the Treasury ; and the use and pub 

application the ee will be allowed to use and publish | tion of the invention under this section during the period of 
his invention out prejudice to the patent. is is | provisional protection shall not prejudice the grant of a 


called “ provisional protection,” and the period may be ex- 
tended one another os months, but not more, by a petition 
to the Lord Chancellor. After the expiration of a certain 

iod, to be fixed by the Rules, the inventor must give notice 
{ proceed, and his application will be referred to the ex- 
aminer, who will report (a) whether the invention is a proper 
subject for a patent under the Statute of Monopolies ; (0) 
whether the Pecification is sufficient ; (c) whether the in- 
vention is new; and (d) whether it is useful. The ex- 
aminer’s report it would _— will be communicated to 
the applicant, who will then have to give another ‘“‘ notice 
to proceed.’” The Commissioners will on this transmit the 
whole of the documents to the law officer, who may, if he 
thinks fit, hear the applicant and any ——_ he law 
officer has full powers to award costs and to enforce pay- 
ment of the same. He will then report to the Commis- 
sioners whether he thinks a patent ought to be granted or 
not, and this step will be accompanied by the publication 
of ‘‘ the application, specification, and relative documents 
and rts.” The reports will be annexed to and always 

with the specification. Within a certain time (not yet 

ed) the applicant must give a third ‘ notice to ceed | 4 
If the report is favourable a warrant and letters patent 
will be and submitted to the Lord Chancellor. If 
the report is unfavourable the applicant may nevertheless, 
after ‘‘ notice to proceed,”’ petition the Lord Chancellor 
for the grant and ing of a patent. There will be no 
appeal from his decision, but a rehearing of the cause may 
be granted. Section 14 provides that ‘‘any person may 
petition the Lord Chancellor against the —* a 
patent,”’ but Section 35 says ‘‘any petition may dis- 
missed on the grouhd of the petitioner having no interest, 
or no Sufficient iriterest in the ee a +< 
jectiéns must accompany every ition, an 6 
Chancellor has power to award costs and to call in the as- 
sistance of an expert. The next step is the “request for 
rege which must be made within three months from 

date of the warrant and within the period of provisional 
rotection, but the Lord Chancellor has power to extend 
the time for this step on good cause being shown. Failing 
this '‘ #equest’’ the patent will not be sealed. The fee on 
the patent will be 15/., and the sealing must take place 
within seven days before the expiration of the provisional 
protection and not sooner. Here again the Chancellor has 
a di i power to the time within which the 
of cacti Suhas seppeiegon b> takes is amen 
of app! ion, no pi can en in 
of an infringement committed before the publication of the 
specification and relative documents. 

—— and Colonial Inventions.—If there be a foreign 
patent for the invention in force no patent will be granted 
except to the foreign patentee or his attorney or agent, and 
— must be made within six months of the date of 
the foreign patent. The publication in this country of the 
specification of the foreign patent will not affect the validity 
of the English patent. there is no foreign patent 
in force the applicant must show either that he is the first 
and true inventor, or that he is entitled to all the rights in 
respect of the invention of the first and true inventor. No 
patent will be granted of a communication from 
abroad, and the English patent will cease on the cesser of 
the foreign patent if there be one. No patent will be 
granted in this country after the expiration of a foreign 
patent for the same invention. 
une alles tea epasifontion may be gmentioh £ ms 

e either by way of disclaimer, explanation, supplement, 
or otherwise. If the “ for leave to amend’’ be 
made before sealing, the fee will be 51. A fee of the like 
amount will be payable on leave to amend after sealing, 
except when the amendment is ‘“‘ by way of su ent,”’ 
when 101. will be Lege 5 The mode in which amend- 
ments prior to nevern be dealt with is left to the Rules, 
but it would — + amendments after sealing will be 
treated as if they were See The fee on a 
caveat against leave to amend will be 21. An amendment 
by way of supplement will not be allowed unless it is of 
such a nature that it might have been included in the 
original patent had it then been known at the time. In 
granting leave to amend otherwise than by way of supple- 
ment, care will be taken that the specification, as amended, 
does not claim an invention substantially than or 
different from the original specification. An amendment 

not be evidence in proceedings ing at the time, 
except in the case of proceedings for revocation of the 
patent. In the case of an amendment after sealing leave 
may be obtained to take proceedings in respect of an in- 
aH — ) ro the amendment. 

Use of Invention.—Compuls Licenses. — A patent 
will be liable to be revoked after the expiration of pM pesca 
from its date unless it has been used or put in practice 
within the United Ki toa reasonable extent, or unless 
reasonable efforts have made to secure the use or practice 
thereof, + of the contrary to lie on the patentee. It 
may also be revoked if the patentee fails to grant licenses 
to the same,”’ provided it be 
hen, . - lor that such licenses 

“in insure a 
pe ot arc pre rare On 


luced under the cage 
means for the acd te invention by public.” The 


—— for the —-. : ath é 
‘rogressive Stamp Duties.—These remain the same as 
it, viz., 501. before the end of the third , and 1001. 
ore the end of the seventh year, with this important 
proviso, however, that the Lord Chancellor is empowered to 
grant an extension of time for payment not exceeding three 
months = = expiration of the Pegs and seventh _ 
respectively. No proceedings can be taken in respect of an 
infringement committed within the time, unless 
lea do so be made a of the order for ment 
The additional fees will be 5/. on an order for the 


ve 
of time. 


enlargement of the time for peg ee third year’s duty, | to 


and 101. on an order for paying seventh year’s duty. 


These provisions will a Ty to patents existing at time of | 28 
Ee heer heh;en eal oF tb naka te mining 


the commencement of t' 
be — on applications made before the commencement 
of the Act. 

Prolongations.—The Bill proposes to abolish the powers 
of prolonging a patent at present vested in the Judicial 
Committee of the Privy Council. 





THE INADEQUATE UNION 
OF ENGINEERING SCIENCE AND ART. 
Address of President A. L. Houuxy before the American 
Institute of Mining Engineers, at Washington, D. C., 
February 22, 1876. 
(Concluded from page 242.) 
I nope it may not seem that the dignity of abstract 
scientific investigation is undervalued by the utilisers of 


Nature’s sarong and materials, or that any considerations | #ure 
r) 


of profit obscure even in the average comme mind the 


splendour of those achievements made in the mere love of | . In 


truth, with thought of neither commercial application nor 
pecuniary re —achievements which distinguish such 
names as Faraday, Bunsen, Leverrier, Mayer, Joule, Henry, 
Darwin, and Tyndall. Do not their successes rather en- 
courage us, in our lower sphere, to more istently pursue 
the method of these great discoverers—the original investi- 
gation of Nature’s truths? Not less literally than in the 
poet’s fancy, 

**'To him who in the love of Nature holds 

Communion with her visible forms, she speaks 

A various ~ 

Jo te ol plows cea crvets hewn op tle, Geoagh 

not as widely, as p b ap! 
Goethe, “Mankind dwell in her and she in them. With 
all men she plays a game for love, and rejoices the more 


they win. 

But the undervaluation of the study of Aen and 
ghanemee, by schoolmen, is not the ogy yo hindrance to 
he complete union of science and art. A greater obstacle 
is the combined misapprehension and ignorance on the part 
of a class of ‘ ical’ men, of what they are 


pleased jto call ‘‘theory,”” m by theory, someting 
which is likely to be discordant with fact—or possibly wi 
the interests of the craft. Wecan hardly complain that 
their objection is ill-grounded, in so far as it is 
upon the practice of theoretical men, but the world has a 
right to complain of their narrowness of observation, of 
their stolid incomprehension of the result of science, of that 
pride of ignorance, of that bi , of that positive fear of 
the diffusion of knowledge, which is the normal condition 
of those who only within the sphere of their own 
ractice, and to whom analysis and generalisation, in their 


jiness , as well as in mo’ and politics, are an 
unknown thing. It is unfortunately true that a 
number of in metallurgical en’ i 


managers terprises—men w: 
are deemed indispensable, and who, probably, are indispen- 
sable, in the average state of practical science, are thus not 
incorrectly c ised. Conscious of their power as con- 
servators, ignorant of the elements of improvement, and not 
pesrhtwenee sap jealous and blindly fearful for the interests of 
their craft, they sit triumphant on an eminence (the steady 
undermining of which they cannot observe), and sneer at the 
too oe gem | condescending magniloquence of recent 
graduates and book men. best of this class are the 
workful and painstaking men who come up from the ranks 
—men who are plucky in emergencies and regulative of 
labour—men whose unconscious reasoning or intuition 
covers the ordinary exigencies, and who, perhaps for this 
very reason, never inform themselves, outside of their own 
range of observation, nor observe in a methodical or fruitful 


manner. 
There is also a class of practicians who do secretly and 
abstractly rotting the labours of the scientific investigator, 
and are unwillingly governed, more or less, by his conclu- 
sions ; but their are so barren of facts and 
so untrained in the scientific methods of utilising facts, and. 
hence, so distrustful of any ideas which reach beyond 
their own practice, that , also, oo ie am rather 
than hel in the union of science and art. 
Dic dies exit ¢ ten eee, that there is never any real 
antagonism between science and art, and that all men re- 
spect, even if they do not mote, the efforts of both 
scientists and icians, to forward the usefularts. What 
then shall we say of that phase of trade unionism, which not 





tends to improvement but which, often. 
iolentie defeats the wor! i hinkers, and 


‘ks of progressive t 


which engineering has received from so-called ‘‘ practical’’ 
men. 
I have referred to these 


ex growing 
helptal respect of practitioners and ienti 


plified in the various 


nn oe it 
processes, into methodical habits of thought and the rudi- 
ee os eee ees when we see the 
workman, not standing aloof for fear of his craft or of 
trades master, but dragging the recent into mines 
and furnaces, and patiently ote how to 
that matter, in mass and under mighty forces, which 
heretofore contemplated in cabinet specimens 
i peee aecerees — 
enterprises opening his wor e 
and giving them a chance, not only to com 
tion, put, by judicious application of their | 
a living, meanwhile ; when we see such 
we may, here.and there in metallurgi 
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1. A public opinion among schoolmen that a course of 
object and phenomena study in works is not to be reckoned 
a matter of mere busi 


professional graduation. 

2. A diffusion, am: the class which we have termed 
the “‘ practical” class, of a real appreciation of an o: 
system of information and of the scientific method of mak- 
ing this information useful to all classes of men, and noxious 
or unimportant to none ; such a general explanation to that 
vast, _ — of = of orig on and 
managers, who are foremen simply because 
they have been efficient workmen, on will over geoveal thal 
indiscriminate and contemptuous application of the term 
‘* theory’’ to whatever a schoolman proposes. 

sassnelsl snauogete et exgiindas eaten tania 
comm managers en’ 
not a matter of favour, but a matter of as much interest to 
beret = oo class, that a men of suitable 

’ of sul reliminary uired, 

should have opportunity and ————— to menor the 
practical features of technical educa’ in works, not as 
mere apprentices, but under reasonable facilities for economy 
of time and completeness of research. 


But these conditions do not largely exist, and are 
growing with general civilisation. They must be patier| 
and magnified by some better means merely stating 


the case again and again, as some of us, I confess, are too 
fond of doing; than repeating, in a manner 
more sentimental than efficient, that scien’ should ap- 


preciate practice, and practicians should appreciate science, 
and capi should join the hands of pe fan and practi 
saying, ‘‘ Bless you, my children,” in the e 
this will prove a fruitful ugion. Let us rather i 
some new order of procedure in technical education, some 
revolutionary innovation, if need be, will not put the coming 
race of engineers on a plane which is lifted above the em- 
barrassments from which we are slowly emerging. 
_1. In order that the technical school should be in the 
hig degree useful, fruitful, and economical, it must in- 
struct not men of good education, but artisans of 
education. Theart must precede the . 
The man must first feel the necessity, and know the direc- 
ond Sand oe oe pid} noms a 
7 rapidly the more 
Stable toes Regi as compnlcolicitemateral 
riva m as com wi progress - 
men, either in books or in ice. Many men have ac- 
quired a more useful know! of istry, in the spare 
gvemame ot © sunt, Ses Deas te has com- 
passed during his whole course. These men realised that 
apse i on Saale beines Sages Familiar 
changing loo objects phenomena, 
detected boys Reng gy mt ny orm | 
underlie them, and lo for a 
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bring such an education within the 
3 and it seems of the first importance to 
almost to create a public opinion that liberal 
is as high an element of success in en- 


ession or calling. 

, the chief end of life. All the social 
personal iness are 
the: specialties, but by the ance of 
" hat then shall we say of the policy of 
parents—not indeed general, but too frequent—of 
an uncultured boy in a technical school, and then 
and business, without giving' him one chance to 

a general and polite culture ? 
young men display a liking, and others a marked 
some special direction. ‘There is no danger that 
will be crowded out of existence by the culture neces- 
make a well-balanced mind; and the nearer the 
approaches genius, the less ifaminent will be any such 


at geen then is, not that mere common school- 
boys s go into works and then into technical schools, 
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In may be urged in favour of begi in the technical 
rather than in the works, mental capacity for 

the after acquisition and application of facts and principles, 
is thusdeveloped. But mental training is not the uct 


of the technical schogl alone. Habits of logical thinki 
and power of sis and isati ay | 
in any school. a positive objection to beginning with the 


nical school, is that it caunot’stop at logical methods and 
scienées which are essentially abstract. It also oltemete to 
teach about objects and phenomena, the first knowledge of 
which, if it is to be cy i 
fountain head. 

These considerations may be farther illustrated by the 
course of the inexpert graduate, when he enters works as 
a matter of business or of study. We have seen that the 
ical man can, at least, t i 

fires ing, and that when 
ability and ambition, he will most rapidly acquire the 

i c know and culture, which, joined to his 
practical judgment, make him a master. We anaaeiioed 

cae, however, can keep neither wheels turning nor 
res burni he has not even the capacity of a conservator. 
Nor can he fora time recognise in the whirl and heat of 
full-sized practice, course and movement of those forces 
‘about which his abstract knowledge may be profound. The 
apprentices are more useful in an emergency. He 
must begin with the lowest manual processes, not indeed to 
become simply dexterous, but, as it were, to learn the 
alphabet of a new language He has started in the middle 
of his course instead of at the begi . He must go back 
before he can advance, while the practician goes straight 
on. The knowledge of the schoolman about physical 
science, however often he miny have visited works and mines 
andengives, d school excursions, is essentially abstract ; 
it no more stimulates desire and power of practical re- 
search, than the caleulus creates a passion or a capacity for 
studying the actual work of steam in an engine, or the actual 
endurance of a truss ina bridge. 

The disappointment of inexpert graduates at finding 

ves so far from being experts, their inability oft- 
times te pay for farther schooling, the necessity that the 
now should begins to earn money, as they erates 
themselves en could so readily do upon oo dis- 
courage many from pursuing engineering, what is}worse, 
send many out into practice, who never do complete their 
technical education, but who, ~ character of their 

essional . 


and genuine, must come from 


ies > lower the stan _ 
can hardl urged against the precedence of practical 
culture, that the student will get ‘‘ out of practice’ while 


he is in the school. : He may 
the better fruits of 
ici » almost 


indeed lose dexterity, but not 
saively my Ay? i 
tincti keep up their intimacy 
~- er oer re of beginni 4 
most si vantage ing technical education 
in the works, is that the mind is A ht into early and 
slick vonnad Ur tepeated te cok Chas enn ais aaa 
w im in r way—t 
sunk af Libeas: dak Gan genomall sohanotel of eemiati 
construction, maintenance, and ing. An early know- 
of these subjects moulds the whole character of sub- 
sequent education and practice. There seems to be no 
corresponding advantage in | with the technical 


The fundamental grea Br the weal 


little doubt that the managers of technical 


: 


it 


on science may be acquired 
i may be acq 


FA 


duate not half-educated men, but 
of all qualifications in the 
can only spring from a well-defined want of specific know- 


2. But the order of education is not the only desirable 
c . Whether before or after their course in the school, 
r= ae —~ te wasting their time in bad 
enginee: pursuits, are in 

of practical etndy, orif after the 


school course, they are more 

| em oe ing bad work as engineers, when they should 
y 

of their practical knowledge in same 


ts. Hardly two.engineers acquire any 
the curriculum. 
pick it-up as best 
to public; While the 


wasteful a time or ~ es a 
teaching of general facts.  prinei scientific 
method is highly developed, there is no organised , system 
for guiding students to direct knowledge of objects and 
henomena. This statement requires two ions : 
. Apprenticeship is a school of skill in a specialty rather 
than a school of liberal art. It is intended for a class of 
men who propose to remain mere workmen and not for the 
class who intend to improve and direct engineering enter- 
prises. It imparts a degree of dexterity far ond the 
requirements of the general expert, while it would hardly 
im in a lifetime his req range of practical know- 
1 IL. A school of ing practice, such as that 
of research in zoology whieh was established by Agassiz, 
would be wholly impracticable, because it could be nothing 
less than a vast successful establishment for construc- 
tion and operation in nearly all the departments of engi- 
neering. If such a school were not commercially successful, 
and if its range were not comprehensive, it would be unsuit- 
able and inadequate. 

Now, if there can be a system of instruction in the one 
school, there can be in the other. The same discipline and 
responsibility, the same guidance as to ce of vn! 
quality of evidence, and correctness of conclusion sho’ d 
_ good i eases. Tosay otherwise would be to say 

a re- 


in 
all knowledge should come from unaided original 
search, and that every investigator should in, not where 
a former investigator left off, but where he began. It 
therefore appears that there can be a school of practical 
engineering, but that it cannot be mere apprenticeship 
in engineering practice, nor a system of engineering con- 
struction and operation, maintained merely for the purposes 
of a school. 

The only alternative is to establish organised schools in 
the various existing engi ing works. At first, this idea 
would seem subversive of all discipline and economy, but I 
am ass , by experts in several branches of engineering, 
that such would not be case. Let us take, for example, a 
Bessemer works. A score of students under the discipline, 
as well as under the technical guidance of a master, could 
be distributed among its various departments, not only 
without detriment, but with some immediate advantages to 
the owner, for while receiving no pay, they would become 
skilful, at least as soun as the common labourers who 
form the usual reinforcements. Students should, of course, 
be expected not to work when and in what manner 
they might choose, but to do and full. work dari 
specific hours. This responsibility’ as workmen, woul 
rapidly impart not only the knowledge sought in the works, 
but a desire for higher knowledge and culture. 

These considerations are not merely theoretical. Several 
students at ja time, subj to no discipline, sometimes 
working hard, and sometimes not at all, may often be found 
in a Bessemer works, and I have yet to hear of their em- 
———. the management in any way.’ The labourer has 
no cause for interference, as the students are not under pay, 
and whatever they accomplish is clear gain to three parties 
concerned—the owner, the student, the operative. A 
large number of 
machine shops, and sometimes ea: small pay, besides 
having the opportunity to work in all departments. 

The proposition is to enlarge and systematise the existing 
desultory study in works—to increase its usefulness to the 
student, and, at the same time, to make the granting, of 
such facilities to students an objert, iametlinte , 48 well as 
remotely, to the owners of works... To this end tlie school- 
master should be not only well read in 


economical operations. His functions would be, not those 
of an instructor, nor, to any great extent, of a clinical 
lecturer, but those of a disciplinarian. The students should 


uire skill, in order that they might acquire judgment of 
1, and original knowledge of materials and forces, and 


the master should see that they did acquire them all. He 
ight do some service by stated examination and current 
criticism and suggestion, but his chief office would be to 
promote honest work, and to provide agp: 2 for work 
in all departments with reference to the economy of the 
student’s time and the owner’s interests. 
_ It should thus appear that these somewhat radical 
in the curriculum of i ing study—first, a hand- 
hand knowledge, acquired not desultorily” but by an organised 
system, and afterwards the investigation of abstract and 
eral facts, and their relations, would economise 
student’s time, and better the quality of hi aoe yw 
The novice is nearly as valuable a student in works as 





gota be he is a vastly less scholar in the school. 
'y own belief, founded on 8 of many typical cases, 
is, that this order of procedure produce a class 
of experts in little more than half the time iy the 
reverse order ; that it would make experts ; it 
would none from fini an ing educa- 
tion which be com in its parts, even if insuffi- 
cient time were taken to develop it. A balanced 
culture will naturally grow in scope and in 
SN Te ee eee about 
the royal road to learning, a few ill-advised students 


sehools will favour this order of study. They want.to gra- |’ 
«> “Ehey desire 
enthusiasm which | i 


men who are year entering | i 
young . ews, 4 thod 


‘oung men may be found studying in| Eng’ 


refer to their availing them- 
drawings on file in engineer- 
engineers 


wre 2s, vamginn 
indifference to ism between its scientific an 
yee ee a be substantial fact, a 
undoubtedly, made to a 
damaging to the profession and to the public. This inap- 

a one department by the other is not unnatural 
—nei side has taken sufficient pains to observe what the 
her side has done. The mere scientist instinctively 
believes that the achievements of the — aré so far 
due to the deductions of science that other causes fade 
into insignificance ; and the — knows that just as 
far as animal life is from the disembodied spirit, so far is 
utilisation of nature from the formule of heat, chemical 
affinity, and mathematics itself. 

The first step is to recognise the fact, and I beg engineers, 
especially those who, from their scholastic habits, see least 
of the .day embarrassments whieh are encountered by 
the executive departments of the profession, to take into 
account, not only the pride of class power, which the artisan 
feels as keenly as the scientist, but those baser elements of 
disunion, ranging from trades-unionism to counting-room 
iatiicesdieitnannens h heseatan 

i ised the grave comprehensive c 

of the evil, the next step should be, not, I think, to attempt 
any violent alteration in the existing conduct of engineering 

the men who are now in active service, but tu change, 
if I may so say, the environment of the men who are 
so soon to take our places, in order that their development 
may be larger, higher, and in better balance. Two co- 
operative methods have been suggested—reversing the order 
of study, and organising the practical school. 

Whatever the course of improvement may be, it becomes 
us to leave some heritage of unity tothe coming race. How 
shall we more fitly crown a century of engincering—a 
century in which our noble profession has risen from com- 
parative potentiality to living one And as its force is 
Prultiplied 1 by the general advance of science, it becomes the 
momentum which evermore shall actuate the enginery of 
civilisation. 


FOREIGN AND COLONIAL NOTES. 
Vienna Observatory.—A telescope is now in course of 
construction at Dublin for the Vienna Observatory. This 
telescope is to be 32 ft. in length, and it will have an ob- 
jective glass of 26 in. diameter; the large brass case, 
weighing 8 tons, is to have a chamber 12 ft. in length and 
4 . in diameter. The tube is to be entirely of steel, and 
friction of the axes will be avoided: The instrument is 
| AT vee in the course of 1878; its cost is estimated at 


Maryland Coal.—There has been a decrease during the 
last three years in the production of coal in Western 
Maryland. 


prac- 


s 





An Old Locomotive.—The first locomotive put on the 
Camden and Amboy Railroad, which has been laid up in 
Bordentown for ten years, is being put in order for exhibi- 
tion at the American Centennial, This engine was built in 
land, by Messrs. R. Stephenson and Co. 


South Australian Reaping Machines.—A trial of reap- 
ing machines’ has taken place recently in South Australia. 
The first prize was a ed t0.8 machine manufactured by 


Messrs. J. Martin and Co. Three makers competed wit 
five machines. : 


i’ways in the Transvaal Republic.—The Government 
of the aeten Republic has undertaken the construction 
yu 


literature, but a practical expert whe could take of | of miles of railway, and has let a contract for 
the works himself, so that whilst Tet udig the students, | the locomotives, rolling stock, and rails uired to 7 
he could prevent their interference with the regular and | Dyle Workshops’ Company, of Louvain. The contrac 


also embraces a tel the side of the line. The 
Dyle ‘Com Mis po. may & share some of this work 
with snigiboriiog Belgian establishments — that is, to 
sublet it. 


Motors for Tramways.—The French Minister of Public 


ted M. Mayer, engineer-in-chief of 


Works has just invi “ 
i France Railway, to 
and traction on the Western of Fra re ier 


a he N rfolk yard, where they have 
i 
from a visit to the Norfolk navy » ‘ted Stat 


informed by officers of the North 


e Milcatio fleet that United States vessels are inferior in con- 


and armament to the ships of other na- 
tions, i vessels 
oO 
for river and harbour defence ; 
to ¢ sloops of war recently built. 
10 Sie terein ob i . The 


Gas in Paris.—The sales of gas 





amounted to obot, 
1,599, 7821. 
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STEAM PUMP AT THE ONTARIO MINE, UTAH. 
CONSTRUCTED BY MR. WILLIAM J. SILVER, ENGINEER, SALT LAKE CITY. | 





(For Description, see following Page.) 


Fig.1. 
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LITERATURE. 


By Lovis 
. Allen 


D’A. 
and Co., 


Hydraulic Manual and Statistics. 
ACKsON, A.I.C.E. London: W. H 
1875. [Price 28s, } 
THE first duty of a critic is to enable his readers to 
form a general notion of the work under review 
without having, as he has, the book itself to refer 
to when any point requires elucidation. A little 
patience also is required before the intention 
and scope of a work can be fairly appreciated by 
_ one making its acquaintance for the frst time, and 
it is only reasonable, therefore, to assume that on 
these matters the author is at least as good a judge 
as the critic, and should consequently be allowed to 
for himself. Adhering ourselves to the prin- 
ciples enunciated we may state that Mr. Jackson's 
work consists essentially of three the first, 
the “Hydraulic Manual” proper, comprising 220 








pages of matter; the second about a hundred 8 
of ‘* Working Tables,” and the third a rather smaller 
mass of statistics and information relating to Indian 
canals, rivers, and irrigation works generally. 

‘‘ To aid the hydraulic engineer in his calculations 
by means of a collection of working Tables based 
on the most improved modern principles, and by a 
small amount of text setting forth these principles 
and giving all the necessary formule in a concise 
manner ; also to serve as a guide in hydraulic field 
operations by giving short résumés of the modes 

opted in the field by the engineers whose experi- 
ments have been particularly eminent in producing 
practical and theoretical results”—is the object of 
the manual e in the author’s own words. 
It is further stated that ‘‘ the second part of the 
manual, annexed to the first in accordance with the 
wishes of the Secretary of State for India, consists 
entirely of hydraulic and meteorological statistics, 








the former principally, and the latter altogether 
Indian,” but we think the author barely does justice 
to himself in this statement, since descriptions of the 
physical features of the larger Indian rivers, histo- 
rical notices of the leading irrigation canals, and 
data relating to dry crops would hardly be found 
in a work consisting ‘‘ entirely of hydraulic and 
meteorological statistics.” 

Such being the aim of the author we have now to 
consider the degree of success achieved, and we 
need devote little space to the Pw ory since it is 
impossible to abstract the pith from a compilation 
of this kind, and we must, therefore, if we approve 
of the work—as we do—advise such of our readers 
as are interested in the subjects discussed to obtain 
it and judge for themselves if it is not likely to be 
useful to them. 

We are glad to notice that Mr. Jackson has 
availed himself of Ganguillet and Kutter’s laborious 
analyses of hydraulic data and the tables and 
formule deduced by them. He is the first in the 
field in this respect ; we thought an English trans- 
lation might have been made at Roorkee, and we 
stated so in referring to Captain Cunningham’s 
recent experiments on the Ganges Canal, but we 
have since been informed that it is not so, The 
presence of these tables in Mr, Jackson’s book will 
therefore suffice in itself to render it an extremely 
useful work to put in the hands of a student, since 
it will save him all the annoyance and loss of time 
consequent upon the attempt to reconcile the 
various conflicting formule advaneed by Neville 
and others in so-called hydraulic text-books. We 
differ from the author in thinking that the Indian 
information will be of comparatively little interest 
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to home engineers. To our mind these statistics 
and brief descriptions of rivers, canals, crops, 
and other matters are ially interesting, since 
they give us information which we perhaps might not 
always know how otherwise to obtain, or at least 
would not be able to devote the n time to 
procure by wading through a mass of Indian reports 
and hies-beéeke. E 

We have only to add that the work does credit 
to the publishers, and that care has been taken to 
eliminate the errors which are apt to creep in 
where, as in the present case, numerous tables and 
innumerable figures have to be set up. 


STEAM PUMP FOR MINES. 

WE give on the preceding page views of a steam pump con- 
structed for use in the Ontario Mine, Utah, by Mr. William 
J. Silver, of Salt Lake City. The pump is of a similar 
pattern to one previously constructed by Mr. Silver for use 
at the well-known Emma Mine, and it is of interest as the 
production of a district where manufacturing engineering is 
as yet in its infancy. The pump illustrated has a 16-in. 
steam cylinder and 2-ft. stroke, the piston rod driving a pair 
of double plunger pumps with 8-in. rams. Last autumn 
the pump was working against a 200-ft. head and running 
at but 20 strokes per minute, that speed being sufficient to 
keep the water under; but the pump can of course be run 
at a higher speed, and it is also designed to work against a 
head up to 400 ft. 

The arrangement of the valve regulating the admission 
of the steam to, and its release from, the steam cylinder 
will be understood on reference to the longitudinal section, 
Fig. 2, while the arrangement of the pump portion will be 
readily understood on reference to Figs. 1 to 4. From these 
views it will be seen that the two pump barrels are bolted 
together by flanges, and that the two plungers are connected 
by means of the piston rod as shown. The suction valves 
are situated at the side and the delivery valves at top of 
the pump barrels, and all the valves are very readily 
accessible. 

The suction valves, of which enlarged views are given in 
Figs. 5 and 6, are india-rubber dise valves with thin iron 
plates on their backs, each valve sliding on a guide pin 
around which a spring is placed. The delivery valves on 
the other hand are flap valves arranged as shown in Fig. 4, 
each of these valves when lifted striking against a spring 
atop arranged as shown. It will be noticed that the covers 
of both suction and delivery valve boxes are each formed in 
one piece with the corresponding valve seat, and thus when 
the cover is removed the valve and seat come out together. 
The covers with the valve seats they carry are made circular, 
so that they are readily forced up to make tight joints on 
the inner and outer faces shown, while each cover is secured 
in place by a crossbar and pinching screw. This arrange- 
ment of valve seats and covers is a very neat one and gives 
very convenient access to the valves. 











THE IRONCLAD NAVY. 
To THE Ep1ToR oF ENGINEERING. 

Srr,—The leading articles which appear from time to 
time in ENGINEERING on naval questions — whether 
questions of the royal or of the mercantile marine—are 
written, if you will excuse me for saying so, with so much 
candour, fairness, and knowledge of the subject that I feel 
constrained to make some response to the appeal with which 
you conclude your article of Saturday last on the ironelad 
navy. When my last letter igaeanal in the Times, with 
the editorial comments upon it, I felt that some misunder- 
standing might arise from the inferences which the editor 
drew from my words, more especially as regards the 

sumed sufficiency of my, premoeas and the great stress 

id we my recommendation of vessels of less than 4000 
tons displacement. I should have at once sought to define 
my position with greater precision had I not already have 
trespassed excessively upon the space of the T'imes, and, 
after all, such su are usually discussed with an 
amount of bias that makes it impossible to get nice dis- 
tinctions, however important, cleerly appreciated. More- 
over, I feel a good fen of a Mg be mare I 

ume—in su ing more is stri necessary 

= meee 7 which I — asa Se eb om ees oe to 

t! ouse 0! with newspa) tions during 

the sitting of Parliament. There is no sufficient reason, 

however, for my withhol from you a few words which 

may serve to clear up difficulties which you evidently felt in 
penning last week’s article. 

Let me say, therefore, that in recommending the speed 
construction of half-a-dozen vessels of comparatively small 
size, but nevertheless with great offensive and defensive 
powers, I offered a suggestion which seemed to me, and 
still seems, entirely appropriate to present circumstances ; 
but I did not intend at all to im t we were to abandon 
the constraction of large iro’ , or to abandon either 





those supreme powers which only large ironclads can be | to make 


pos tsb Mao I think you will see, even Ay oe, ant 
concur my reason for i wo 
of additional smaller Mast clip hat ace: if you recal 
to mind the fact that at the present time ha 

large vessels under construction, two of which, the Ajax and 
Agamemnon, are only now being commenced. 
regards » therefore, I think the speedy tovaien- 
ment of our strength in this class of vessels , with 
given expenditure, be best eff by concentrating 
efforts upon the advancement of the Dreadnonght, 
Thuaderer (which is still incomplete), the Téméraire, 


a 
our 





rather than by 


Inflexible, the Ajax, and the Agamemnon, 
i — of two or three 


spreading our money over the early 
new vessels, which could not be to take ° 
in the Navy for at least four or five years. Added to this 
consideration I feel, and have long , that we are very 
deficient of a smaller class of ship which would be the most 
snatenes possible for our purposes on distant stations, 
and at the same time guns of such power 
(alt! h few in number per ship) and such armour as 
would fit them to act in the most valuable way as auxiliaries 
in a European war. I cannot concur with your view that 
‘if we build this batch of cruising ironclads, the heavy 
fighting ships will be starved for years to make up for 
them.’ 


Most assuredly the House of Commons would not sanc- 
tion any reduction of the progress which the Government 
propose to make with the ships which I have named above, 
nor would the Government itself, I believe, suggest any 
such reduction. On the other hand I feel pretty sure that 
neither will the Government now propose, nor will the 
House of Commons collectively at present urge, the laying 
down of new large ships with so many already on the stocks, 
and, therefore, as I think, my proposal to build in two 
years six smaller vessels costing a million, is the best, and 
probably the only yorpenel, by which we ma ssibly 
secure an additional present outlay upon iro , that 
outlay being drawn in part from new funds to be voted, and 
in part from the amount which is appropriated in the pre- 
sent Estimates to the building of unarmoured shipe, some 
of which, as I said, the Admiralty might be able and 

illi i with in view of six new ironclads of 

ing substituted for them. 

I will not add these explanations, but I felt that I 
could not well withhold them from a professional paper 
which devotes so much time and trouble to the temperate 
and judicious di ion of naval engineering questions. 

I am, Sir, yours obediently, 


E. J. Rexp. 
London, 8.W., April 3, 1876. 
THE WATER SUPPLY OF IQUIQUE. 


To THE Eprror oF ENGINEERING. 

Siz, — en observed the correspondance in your 
valuable j respecting ‘‘ The ater Supply of 
Iquique,’’ I shall be glad if you will allow me a small space 
in your next issue to offer a few remarks in favour of that 
project. 

During the two and a half years that I was locomotive 
superintendent of the Iquique and La Noria Railway the 
cost of water to the company was from 2} to 3} cents per 
gallon, at that time the price of coal in the port of Iquique 
was 41. per ton. Mr. Bush quotes the price of water at 
14 cents per gallon; this, I believe, is what the company 

y for Arica water ; but it is a question whether they can 

istil sea water at that price, although coal may be bought 
now at 50s. per ton. And thesame question applies to the 
Pozo de Almonte water, when we consider the expense in- 
curred by hauling the water (taken from these sources) 
in tanks placed upon trucks to supply the engines with. 
All along the line we may, I think, conclude that it costs 
the company something more than 1} cents per gallon, and 
even if the company were to lay pipes all along the line, 
erect machinery to pump the water from the well-at Pozo 
de Almonte, and force it over the mountain towards Iquique, 
it would only serve for use on the railway, as the water is 
not fit for domestic purposes. 

The company forming to carry out the contract Mr. Cole 
has made with the Municipal Council of Iquique, to supply 
the inhabitants of the town with spring water from the 
mountains, will be able to supply the railway company with 
water in sufficient quantity at all the stations on the line, 
much better and cheaper than they can procure it from any 
other source. The railway company running four trains 
od day require at least 24,000 ons of water for their 
jocomotives alone, this quantity, at a cost of 14 cents per 
gallon, will amount to about 70l. per day, or 21,8400 a 
year of 312 days, while the company forming, as above 
stated, will be able to supply them with the same quantity 
for 14,5601., and save them the expense of fitting up water 
works at Pozo de Almonte, and laying down pipes along the 
whole of A line; in —e. mS is, the railway com- 
pany would effect a great saving discontinuing the use 
of distilled sea water, which cuutaiee chamledl progentios 
most injurious to boilers; but setting aside all these 
advan to the railway company the supply of sufficient 

spring water to the inhabitants of the port of Iquique 
should not be sy any interests pecuniary or other- 
wise, as it will benefit all, both in a sanitary and pecuniary 
point of view. 
I am, Sir, your obedient servant, 
k J. CLEMINSON. 
30, Wincheap, Canterbury, April 3, 1876. 


To THE Eprror or ENGINEERING. 

S1r,—I have observed with much interest Mr. G. Fitzroy 
Cole’s letter in ENGINEERING of the 3ist ult., relating to 
this work. As I was one of the first ish engineers 
who worked at Iquique and at the nitrate fields, and I served 
for over eighteen years under the late Mr. George Smith, 
the pioneer of the nitrate trade, and under the firm of 
Messrs. Antony Gibbs and Son, the observations I am about 
prove of some use to your readers. 

Mr. Cole stated in so true and clear a manner the 

ition of the nitrate question, and the real sad state of 

» inhabitants of Iquique, the mules, and the rai 
owing to the want of water, will only 

» with the 
he has underrated the cost of water at Iquique, w 
seldom under 2 cents and frequently over 











about the streets in carts, and sold at the above prices at 
stations in the town, which makes it very difficult to get it 
stowed away in your house to meet _— ore consump- 
tion, and it would be the greatest boon could be be- 
stowed upon a to carry out Mr. Cole’s scheme. I 
am quite certain that y! doing so the price of nitrate would 
be lowered in England by fifteen s per ton, for it is 
evident that the cost of transport of that article would be 
enormously reduced. 

It was one of the late Mr. George Smith’s great hopes 
to be able to carry out the present undertaking, but he 
always felt that the difficulties to be overcome in obtaining 
the sanction of the Government of Peru, would be too 
great for him to combat. In 1872 the Government wanted 
to do the work themselves, and it would have been carried 
out had the Government loan in Europe of that day been 
fully realised, but as it was not, arrangements for doing 
the work fell through ; what others have been unable to 
accomplish, Mr. Cole has triumphantly carried through, and 
when P heft Iquique last year in the month of September, 
all the people of Senlone were poping to see Mr. Cole back 
again with his iron piping, and the Municipal Council know 
well and trust in the honour and capacity of the gentleman 
in whom they have placed their confidence. 

In conclusion, I must wish every success to Mr. Cole in 
his great und ing which must of necessity prove a great 
financial success to his company. 

I am, Sir, your faithful servant, 
MarTIn WHITEHOUSE. 

10, St. Paul’s-road, Burdett-road, Limehouse, E.C. 


CHEAP RAILWAYS. 
To THE EprTor oF ENGINEERING. 

S1rx,—Your paper of the 17th inst. has just reached me, 
and in it I find a notice of a small pamphlet which I have 
lately issued called ‘‘ Cheap Railways for the Colonies,’’ on 
which I trust you will allow me to make a few remarks. 

My critic is to a certain extent right in stating that the 
special object of the pamphlet was to call attention to the 
new type of locomotive, inasmuch as this is the very back- 
bone of the system which enables railways to be made 
cheaply ; therefore, at the risk of being looked upon as a 
puffing advertiser of my own design, I made the locomotive 
the prominent feature in my pamphlet. ‘ 

ith the article in general I have not much fault to 
find. I do not desire to enter into any discussion of the 
merits of my engine as com with Mr. Fairlie’s. Ihave 
admitted the merits of the latter and stated very briefly my 
objections to it- As regards the merits or demerits of my 
own proposed engine it must speak for itself by its perfor- 
mance, which I trust it will do ere long in a satisfactory 
manner, but the writer of the article in your paper has 
fallen into a mistake, which is a very important one, and 
which it is my present object to rectify. 

He says that ‘‘ there isa rigid attachment between the 
boiler and the central truck or bogie,’’ that ‘‘ the compen- 
sating beams could not possibly act and are perfectly use- 
less,’’ and that “‘the action of the gearing between the 
bogies materially affects the distribution of weights.’’ That 
‘*on entering on a ient of 1 in 12 the central bogie 
would be relieved of load altogether, and, in fact, its frame 
lifted with the boiler.” 

In oe one of these assertions my critic is entirely 
wane here is no rigid connexion between the boiler 
and the central bogie, the former can rise or fall vertically 
quite independent of the latter, the balance beams preserve 
under all circumstances the original distribution and equali- 
sation of the weights, and the action of the gearing has no 
effect thereon. 

It would be difficult without the aid of the detailed 
drawings or a model to show to the general reader how this 
is brought about, but to any person accustomed to such 
matters an attentive consideration of the drawings given at 
the end of the pamphlet will indicate the arrangement, which 
is in trath a very simple one; and it will _ me much 

leasure to exp it to one who may take a sufficient 
interest in the matter to call at office in Westminster. 

I am sorry that my critic should think me guilty of advo- 
cating what he a eased to~term ‘“‘a crude and ill-con- 
sidered design.’”” He is good enough to admit that I have 
had some experience in these matters. This is 
for I am old enough to remember seeing George S 








mt true, 
henson, 
my old master, make the trials with one of his engines on 


the Killingworth Colliery wagon way ; I can well remember 
the building of the “‘ Rocket” and I myself began work in the 
Forth-street shops at Newcastle on the engines of the 
‘*Planet’’ type which followed very shortly after. Since then 
I have been pretty actively both in the construc- 
tion and working of locomotive engines and railways, and I 
have been a pretty careful observer of what others have 
done both in England and on the Continent, so that my ex- 
perience is perhaps as great as that of most people in my 
profession. 

Such being the case, allow me to inform your readers that 
the design, far from being a and ill-consi | one, 
has been the result of a great deal of thought and considera- 
tion devoted to it ever since my experience of the working 
of the Mont Cenis line over the Alps satisfied me that some- 
thing better than the centre-rail system was not only desir- 
able but was also practicable. Pressure of other business 
long delayed its per pend but f.4 the details pate oe 
carefully worked ou myself. such reputation as 
may have I am quite prepared to stake upon the practical 
success of the engine. ? ae : 

It , however, relieve the mind of my critic to be in- 
formed that the detailed drawings have been most carefully 
examined by more than one of the most eminent of our 
SS ee ee ee oo of m . 

ional friend - reson éo 
has been found, Saf waite the contrary, to the proposed 


writer thinks differently, but he gives no reasons. 


Your write 
ly all locomotive engineers st agree with 


Why “ 
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him in thinking that a 48-ton engine is not a machine which 
it is at all desirable to use on a line capable of carrying a 
load of but 3 vane yee wheel,” is a matter that I do not 
understand. I t that the ‘general tenour of my pamphlet 
sufficiently shows why it is desirable, nay, rather why it is 
essential, to the development of good communications in 
certain countries that a powerful engine should be placed on 
light rails and with little or no ballast. 

Most of the remarks of your writer when not simply de- 
scriptive, are but the expression of_his opinions, 
differ from him in opinion, and as T am unable to discuss 
his or any other opinions in the absence of the reasons on 
which they are based, I will follow him no further in this 
direction. 

Only a few words more. I am accused of pitsistent! 
translating the ‘‘ metre’’ into 3,33 instead of 3.3%. Now { 
am not so ignorant as not to know that a metre is neither 
one nor the other but is 3.2809 ft., but I spoke of the 
“ or om ll and my criti knows, or ought to know, that 
practically rails are always Taid a little wider than the 
actual measure, and that the 4 ft. 84 in. gauge is laid 
4 ft. 83 in. to 4 ft. 9in., ‘Biine *‘metre gauge” is laid 
3 ft. 3% in. and not 3.2809 ft 


I am also accused of pi in stating that the Fairlie 


engine “does not and cannot go far enough.” I can only 
repeat it. It is true a Fairlie ie may be — with two 
eight-wheeled bogies, but in such can each ie would, 


with 3 ft. whee’ ts Nh ohbel bake of 12 PRE, instead | de 
of 7 ft. 6 in. as in niy engine; and that wheel base is a most 
important featnre. 

Lastly, I am said to be in érror in stating that my pro- 
posed engine “‘ is more powerful than any e that has 
yet been built in England.”” Of course in I may be 
wrong. I have not by me the leading dimanpions of the 
Fairlie engines referred to, but I am pretty nearly’ certain 
that your writer is in error in stating that it is inferior to 
those now at work on the Iquique and Mexican Railways. 

I remain, Sir, your goodie servant, 


J. A . LONGBRIDGE. 
Hotel de l’Europe, Pesth. March 29, 187 
[We have replied to Mr: Srtiers letter on page 
282 of the present number,--Ep. E. ] 


THE ORIGIN OF MOTION. 
To tHe Eprfor or ENGINEERING. 

Srr,—I have read with + interest the lucid» and 
logical papers in your Valuable 3 journal on the new theory 
of the origin of ‘motion ; and the deductions in them have 
been so systematicall: heaters out, and the A. subject 
has evidently been so thoroughly weighed up and consi 





by the writer, that I have some hesitation in questio 
any of the reasoning contained in them. Indeed, it is 
so much the xeeieny in what I ee that I wish to 
have explained as the propriety of ‘premises 


apparently used with i care than usual in the last paper. 
I am referring to the action of the air with reference to the 
phenomenon of the electric spark, and at the same time I 
would wish to remind the writer of the question of the 
projection ‘‘ of anything’’ material between the terminals, 
and I will refer to this first. 

The writer (of the papers) then is no doubt aware that a 
minute portion of the metal of which the terminals are com- 
posed is projected across the space between them at each 
discharge, and the spark gives in the spectroscope the lines 
corresponding to that metal; also he will be aware that it 
is a pretty generally accepted fact that in the voltaic arc 
between a pair of carbon points, carbon is ‘bodily carried 
= ey the positive to the negative pole. 

hese facts, no doubt, do notin any way affect the appli- 
oii of the new theory to the phenomena of the electric 
spark, for they rrye be reasonably explained on simple 
mechanical gro 

It is onl od ome the writer has been so strictly accurate 
(as far as I can see) in all his former observations that I call 
his attention to the above facts, and ask for an explanation 
of them if he thinks they require it. 

Then with regard to the air. I do not wish in this instance 
to question the action of the ether in producing the electric 
spark, but it does seem to me that the presence of the air is 
more intimately connected with the subject than the writer 
seems to have hought i in this case, for we all know that in a 

vacuum,’’ such as is obtainable with an air ump, 
the electric discharge is very much attenua’ and 
diminished in dynamical effect, and that in the best vacuum 
obtained by the > Sens pump, or others of that class, 
se , whether voltaic high intensity, ‘uses to 
8. we are accustomed, while conscious of the great 
anual effect of molecular action, to consider the actual 
movement of the molecules themselves to be quite beyond 
our means of observation. Is it therefore quite consistent 
hat the luminous effect observed in a dark room when the 
terminals of an induction coil are placed beyond striking 
distance, should be adduced as a visible proof of the presence 
of a vibrating column of ether between the poles? Apologising 
for thus Te you, 
I beg to remain, Sir, yours ra Lo 


[We have replied to our correspondent’s remarks on page 
280 of the present number.—Ep. E.] 





SCREW TUG BOATS. 

To THE Eprror oF ENGINEERING. 
au ak looking through the pages of last week’s issue 
of your valuable journal, T whe very much interested in the 
description there given of “A Double-Screw Tug Boat,” 
the roves | features of which are said to 9 the novel ar- 
rangement of hull and propellers 4 Mr. James 
ree, of the firm of Messrs. James pe and Co., 
;and in reference to that part of the said descrip- 


fon Se ee Sing the _— superio of the bow screw 
soe wees cet Fees Be Toate with the re- 
+ the stern in the 


Poe 


Sa lanes to ‘to state that the idea of 


I| were the relative values F*, ay? 


placing the screw in the bow is not nearly so novel as man: 
of your readers meg suppose, as in the year 1868 I design 
constructed, and personally condu © experiments of 
a steam Pind 70 ft. in length, beam_ 7 ft., with a screw 3 ft. 
6in. in diameter and 5ft. pitch, placed in the bow of the 
steamer instead of at the stern. 

be Se eee I — lay my hand on ong 
resi of these experimen’ now 80 t 
suffice it to say that al b fairly yore i me fo what 

Ww 

had a second steam tug of 


screws, I 
same dimensions also 
at my works, with the screw bags in the = and with 
engines of precisely the same construction and power, the 
pressures, numbers of revolutions being duly S6ted as and the 
propellers of the same diameter and mony A. ‘steam was 
raised in the two boats, and having ly con- 
nected with a hawser, the order was give to the two 
simultaneously to steam ahead, and in’a very short space of 
time (not more than three minutes) it was ‘quite mbarens 
that the bow screw had won the day. 
Owing, however, to ities common only to canal 


somewhat troublesome in some few but important points, 
viz., the facility with which —s 
the screw, or any floating ma‘ og have acci- 
dentally fallen into the eck Ber oe ity of suffi- 
ciently protecting the screw, and at the same time not re- 

the carrying power of the boats, the width or beam, 
mer e depth as well as the length of the boats being 
limited to ~¥ the —_s faealty of worse and eve trouble- 
some than all was the prejudice 
of the men employed on canals de -teck thene bon ts, it being 
then a novelty. 

The experimental trips with this ‘“‘bow screw steamer’’ 
took place between London and Liverpool, traversing over 
the eer part eee ee — 

In the tugging experiment referred to above, I should 
have said that the draught of the two boats and the im- 
mersion of the propellers were precisely the same in both 
cases. I am, Sir, yours me fl 

WARD HAYES 


Epw. 
Watling Works, Stony Stratford, April 5, 1876. 


DISC ENGINES, AND THE KINEMATICS 
OF Z-CRANK ENGINES. 
To rE Eprror or ENGINEERING. 

Srr,—I thank Mr. Kennedy for his correction about 
Bishopp’s disc engine ; I was quite aware that Bishopp’s 
was an improved modification ot an older idea, and I ought 
to have referred to it as such. 

I must admit that x! expression *‘ guess-work’’ was not 

quite a) ated to all of the correspondence to 
Shieh Toe ed it, but perhaps Mr. Kennedy will himself | oy 
supply a etter term when he shall have solved the follow- 
roblem. 
ven the arrangement described and illustrated by Mr. 
Kennedy at page 177 of your issue for the 3rd of March 
last, and assuming (as he says nothing to the contrary) 
that the two other arms, besides those b' b* referred to, 
are to be connected to their pistons in the way in which 
b' b? are shown to be connected to the pistons c! c?; to 
show whether there can be any movement at all in ‘the 
mechanism, seeing that all parts of the disc or four-armed. 
piece on the oblique c cannot move in planes. 
April 3, 1876. EXAMINER. 


To THE EpITor oF ENGINEERING. 

S1z,—The discussion on this engine having now become 
a subject more fitted for patent examiners than — 
they ma eq tases retire ; Pstill, this will not prevent 
West, wn, and Co. "from smiling at the tar terry "of 
“ Examiner” in _ previous ae and elllating. et what | ten, 
these wise saws said concerning e oscilla’ —— 
‘an ingenious toy that would never do for large 
Mr. Kennedy has completely taken the wind out ‘ ‘Ex. 
aminer’s,”’ sails in your last issue, not by the merest chance, 
but he has correctly and distinctly given it the origin of 
the disc engine, and Mr. Mackenzie and 
as clearly given you the origin of the Z-crank engine, 
therefore I think your correspondents may discuss the 
merits or demerits of the latter e in your pages with- 
outany reference to dise engines, t te defects of which have 
long been known to he Z-crank engine is 
certainly a simple mode of ceatverting reciprocating into 
circular motion. T am yours truly, 

James AIRED. 
109, Mersey Road, Widnes, April 1 1876. 














SmETHWIcK BorteR Expiosion.—An inquest 


Alfred Clarke and Julia Heaven, who died from injuries 
received on Wednesday last thro 
boiler upon the premises of Messrs. 
iron man rs, Smethwick. Josep 
gineer, said the boiler, an old one, was general, 
a week. About two months there was a slight explo- | sim 
sion, resulting in a small ho Bs leary was subsequently 

tched. On that occasion he made tion of the 
iler, which in som Inces be found was hot as thick ad's 
shilling. He reported, the results of his examination to 
the manager. Since the boiler burst he had seen 
that were only sin. in thickness. At the time of. the ex- 
ar naa the boiler was ign! at a pressure of 45 1b. to an 
oe yh Bvatingnd Bit heey 


ore caeihiee ay rh he re- 
irs the defective ‘tion. of the iler to 
nes, 


h the explosion of a 
oseph Stones and Co., 
Rhodes, the en- 
once 


the senior 
said the corrosion parts 

sibly be detected, but he admitted that if the “ik sen 
ad the boiler str ped for examination once in 

the defects would have been evident The rorarad & 





verdict of “‘ Manslaughter’ against Mr. Joseph Stones, who 


navigation, the serew being at the bow was found to be | j 
became entangled in | Mills, 


Muston have by 


THE 
was held at peg oon last Tuesday on the bodies of | Figs 


HEAD’S PATENT PRIME MOVER.*- 
By Jeremi1an Huan, M.I.C.E., Middlesbrough. 
In the # peeinge to his well-known week on “The Steam 
d other Prime Movers,”’ the late Professor Ran- 
kine ‘applied the term “‘ prime moyer”’ to all “‘ machines for 
obtaining motive power.” Impressed by the conciseness 





and expressiveness of the title, I have adopted it for the 
steam engine to which I T hove "the b of your 
attention this ee ed for use 
in factories, corn any similar 
circumstances. It isa drat dedgn pub. 
oe eer ty een 
by the experience 
obtained in one an oe ome aah eo nd 
engine, nearly the same as Eee: hes consideration, is 
no el ‘machin d it 
uty , and a 
fan. ay lore you, is 
under oagey as Bret , of Sheffield, 
for Mr. T. estminster, who 
intends to send it 


similar to that eerie at peor, pert Bi Rolling 


The: conditions which T have endeavoured to keep before 
me — to fulfil, in designing the engine, are as follows, 
viz. 


z. To obtain the maximum power for a given weight or 


cost. 

2. To obtain perfect ‘ebiiiliisien of those parts 
through which the ‘of the « => er to 
meet resistance to be overcome. 

3. To occupy as little floor room as possible. 

4. To be entirely self-contained, so as to require a mini- 
mum amount of foundation work, in case of any sink- 
ing Sane so that no damage to the engine itself should 


5. To work as economically, with respect to weigtt, of 
steam used, as is possible foran engine not encumbered wi 
cylinder. ‘apparatus, nor complicated with more than ne 

er. 
. That all parts should be perfectly accessible. 

’. That the material and method of construction should 
be such, as to endure a maximum length of time with mini- 
— repairs. 

8. That the motion should be so equably governed, that 
whether the engine be taxed up to its full pL gyrte or hardly 


at all, and however rapidly changes in ure 
or resistance 0 eng may occur, he wash ‘th remain 
P 

9. T wie certain considerable limits, the of 
yon » with- 


should be capable tory ise 
ecting the aforesaid qualities 
rua queliations, wun T & I think you will admit are 
most desirable, I have endeavoured to eahedy i in the engine 
gs prop pee disor for a given 
Oo 
itis clear we must aim bs oo. speed. With 


average pressure w) ton, be pg a given | = 
ke, the power Potieated rill, other things 1, 
proportion to the number of revolutions, 
ik locked advantage in high speeds, viz., _— the i 
locked up in the flywheels, or in other words, "the ro- 


servoir of power to overcome any sudden increase 
tance, will be as the square of the number of revolutions. It 
is, therefore, evident, that a “ quick~ en ’ isan 
engine powerful in a ies ion to its size; and it is still 
more, an oon? to overcome temporary peels 
ties in resistance. otto evident are these ann a a that 
there would be few advocates for slow-running en 
rosy that high speeds are apt to involve vibration (which 
ds to disintegration), and excessive wear and b age in all 
the joints and j an engine pegs wp Shake shake, 
we pn ergo moderate its speed, if circums permit, 
to a int. where ess is obtained. 
pewers, have Bessie 7 to fulfil the first condition, 
engine, so simple and symmetrical in design, 
rocating parts, so wel nlanoed through- 
ee ate stability is so sub- 
and in all its details: that it 
rdinary, without ions 


ou has a 
mlod ta par at 110 rahilies bape] 
peat This g gives 16s indicated horse power, with an 
Ib. per square inch, and an 
provided 


,, because 
of the engine 
in which the power is poramniaten for distribution, is 
there. lowest, and the best opportunity is ered “1 

it ‘firmly and _directl, the pogpiae on 

pan Plo The cylinder, which has within i 
ane and easily controlled forces, and therefore is li fu 
liable to vibestion, Je id ploces ty lata two standards 
which also contain further reason. for 
preferring the inverted oe is, that sa all the ecineo- 
cating parts move in vertical lines. The weights of the 
iston and ae in 04 oy valyes and valve spindles do not, 
theref engines tend to wear away the 


Serer : 
pak omy ee the rte upon 


sucha that the wel, 
opposed $0 the mine i 


ing them peggieoee is) i ing 0. 
a 


Fa at gi hy om togetbor “ih 
* Sap Red val a Gata a 
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valves is cyli 








was committed to the assizes. 
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VERTICAL NON-CONDENSING ENGINE. 


CONSTRUCTED FROM THE DESIGNS OF MR. JEREMIAH HEAD, MIDDLESBROUGH. 
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secured by bolts. The main valve is worked direct by an 
eccentric from the crankshaft. Corresponding with the 
portion of this eccentric on the one side of the crank, is an- 
other of equal throw on the other side, which acts through 
a weigh-shaft above and to one side of the cylinder, upon 
the expansion valve, the rod of which passes through the 
upper end of the valve chest. : 

The expansion eccentric rod is divided at about half its 
length ; a horizontal vibrating link being jointed to the 
lower _ of the rod, and the upper part being connected 
to a li block working therein. A lever and balance 
weight upon the weigh-shaft, are so adapted as to take the 
weight of everything ing upon it, except the eccentric 
strap and part of the lower member of the eccentric rod. 
In this way the joints are throughout strained on one side 
only, *slogger’’ is avoided, and the full travel of the valve 
is always maintained ; while its vertical height can be ad- 
jasted in case of wear of the intermediate joints. 

The crankshaft is a simple forging, bent in the present 
case out of a round shaft. It is made of Bessemer steel, 
and works in two substantial ings, one on either side 
of the crank cheeks. The crank is made somewhat 
larger than the main bearings, and not, as is usual, the 
same size. This is because under certain of its strains, it 
acts as a beam, supported near the ends, and loaded in the 


middle. 
Next, outside the main bearings, come the eccentrics, 
and then the two flywhecls, which are 7 ft. in nme ay evry 
y e, 











LQ UK wu 
fully strengthened internally with ribs, and is held down to 
the foundation by four strong bolts. 

The main bear: are each held by four bolts to the bed- 
plate, and are further secured by keys, into undercut lugs 
cast on the bedplate. The keeps are to the car- 

i by four bolts each, the brasses meeting at the edges, 
80 that they cannot be screwed hard down upon the shaft, 
and care being taken to ease them at the sides, so that they 
cannot grip the shaft at that part. 

The brasses throughout the engine, which are used for 
wearing surfaces, are of ‘phosphor-bronze. Ihave now had 
two or three years’ experience with this alloy, in various 

itions, and, on the whole, think it considerably superior 

— even taking into consideration its extra cost. 

e standards of the engine are like the letter H in 
section. At the lower end of one of them is cast a bracket, 
upon which stands the governor pedestal. igher up upon 
the same standard, is a bracket, firmly bolted on, which 
effords a fixed point for — the joint, upon which the 
expansion link oscillates. The bottom cylinder cover 
surmounts the standards, and binds them nies indepen- 
dently of the cylinder. The slide bars are of mild crucible 
steel, first cast, then fo: , finished, case-hardened, and 
pee be yap They fit into por planed out of the 
standards, and are secured to them by four countersunk 
bolts each. In case of wear, liners can be inserted with the 
greatest ease between the bar and the standard, both being 
true surfaces. 

The crosshead is a crucible steel casting, the i 
surfaces being extremely . The crosshead pin is fix 
in the cross-head ; at one end it is tapered outwards, and at 
the other end is a nut and a check nut, so that there it 
goes power to tighten it in the crosshead, should it get 

loose. 


The connecting rod, at its lower end, is of the type which 
has for many years been adopted in R. Stephenson and 
Comers locomotives. The tighteni is on the inner 
side of the brass, but drives outwards, the being made 
fast to the rod by two tapered bolts 
check nuts. The advantage of this is, that as wear takes 
place, driving the key tends to lengthen the rod, and so 
counterbalances the s “ae & rod, iving the 
key at the smaller end. The at the end are 
unusually wide, to give ample wearing surface. The rod 
itself is rectangular in section, and broadest at the 
end. This, I consider, the true s for a connecting rod. 
There is no danger of its buckling si under any strain 
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of compression, because it is firmly held sideways at the 
ends. It is otherwise as regards liability to buckle or bend 
in the plane of rotation of the crank, it being free to turn 
at its ends as that direction, and in case of seizing 
with the crank pin, the connecting rod will often bend short 
at the neck. Inasmuch as it is desirable that the connecting 
rod, as a quick moving part, should be as light as possible, 
I think the ordinary plan of making them circular in sec- 
tion and reduced in size at the crank end, is altogether 
wrong. . 
_ The eke and both covers are steam-jacketted. The 
inner cylinder has two external fillets, one at each end, 
correspon with internal ones on the outer casing. Its 
ends are faced and in contact with the covers at either end. 
The joint is made by careful stemming with rust, a plan 
which has been found most effectiveand simple. The steam 
for “ Loy: is a into the top cover by a eo 
pipe, leading from the m pipe ; it passes thence into the 
eytindrical jacket, the exit pipe dipping down, so that any 
water is always forced before the steam. From the jacket 
it enters the bottom cover, and thence passes by a pipe down 
one of the standards. A waste water pipe leading from a cock 
at the bottom of the valve chest joins it, and the water from 
both is delivered into a ‘‘ Hawes’s’’ steam trap, placed out- 
side the building. This steam trap* is an American inven- 
tion, costing about 21. 10s. It consists of an upright cylin- 
drical chamber with a small hole in the centre of the top 
end, where the steam or water enters. Inside the cylinder, 
is a copper spheroidal ball, emreg ny bee which is very 
volatile. The difference between the heat of the steam, and 
that of the water condensed from it, make a corresponding 
difference in the pressure of the ether vapour inside the 
ball. Thus an expansion of the latter takes place closing 
the inlet, or a contraction opening it, and allowing the 
waier S pass through to - outlet P ; until a me 
ollowing, again causes a stoppage o inlet. ve 
one of these at pemrdans wip time, ow 3 I hos —_ = 
water esca; vi ly, at intervals, without muc' 
steam sabia. "Tis, however, essential that there should 
be about 12 ft. of small exposed piping between the steam 
ipe and the tap, as an accum place for the water 
Petore it is discharged. Where the boiler supplying the 
ine is situated at a lower level than the bottom of the 
cylinder and valve chest, and is near at hand, no steam 


* wes’s steam trap was illustrated on page 477 of our 
i th volume.—Eb. E.] 
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thereto. A highly placed 
facilitates this arrangement. 

The cylinder covers are cast hollow, the core holes being 
afterwards filled up with wrought-iron plugs ; they, together 
with the piston, are turned on both faces. in order to allow 
of a minimum clearance. The i imi 
struction. The piston rod, whi 


tapered where it enters the piston. The latter is co 
on, and the rod is then rivetted over at the top. 
The piston packing consists of two grooves, each groove 


, as the water would run direct back 
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CONSTRUCTED FROM THE DESIGNS OF MR. JEREMIAH HEAD, MIDDLESBROUGH. 
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cylinder, as in the present case, 


is of steel, t slightly 
18 » is 
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compression py coped of each Pr Bo ‘ 


= The weight of the reciprocating parts, 
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taining two Ramsbottom rings. The butt ends of each 
sing embenee @.susall pial, omewel into the bottom of the 
groove, to prevent them from turning. The agp mg 


made to lie opposite one another, and clear of 


which, however, they do not overpass. I have now used 


pistons so ed, since I first described them some 
since, and I know of no other method so simple and 


factory. Single rings, each in its own groove, which 


? 
Mr. sbottom’s original , are exceedingly 
to stick, besides havi as dendiveatnas of ’ 

steam to escape through each joint in succession. 


years 
satis- 


was 
liable 
the 
the 
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is Se en ta. In ordinary engines it is usually double 
t amount. deme: 
The slides (see Figs. 7 and 8, 271) are a modification 
of those known as piston valves. y are not at 
all, but a series of small ves are turned in the work- 
ing faces. These have m found most effectual in 
impeding the passage of steam past them. It is not 
aebeitele known how act, whether by creating steam 
eddies, or 1 becoming with oil or water; but that 
they are , especially in quick-speed engines, is 
su d by abundant testimony. 

e inner of the valve chest and outer valve are 
oy bored, the outer surfaces of both valves are accu- 

y 


rately turned to produce a tight fit. The finishing is then 
done by copper la ping, with emery, until the parts can be 
pushed one into the cther. They are then worked back- 


wards and forwards in their —“ with oil, = — 
emery, at steam temperature, attaching them to an 
eccentric until they move freely. If carefully fitted in this 
way, they are, practically, steam-tight, and being perfectly 
balanced, there is no w er to wear, ess 
there be a priming from the boiler of muddy water. Where 
this difficulty takes place cylinders and slides of any construc- 
tion whatever, arein danger of rapid deterioration, and, there- 
fc rc, priming boilers should be at once attended to. Should, 
however, in course of time, these valves be found to wear, 
so as to permit steam to pass, all that would be essential to 
renew would be the outer one. The casing might be re- 
bored, and the inner valve re-turned, if ; the new 
valve in that case being finished slightly thicker to suit. 
The valve chest is cast separate from the cylinder, to admit 
of a duplicate valve chest and valves being kept where 
desired. If this were done, the spare parts might be fixed 
on atany weak end, and the old ones readjusted at leisure, 
and kept as duplicates. The outer valve regulates the dis- 
tribution of steam, precisely as an i 
entering the cylinder by ports at the ends, and the exhaust 
escaping through almiddle chamber. The expansion valve 
has ports at each end, and ig so arranged that it is inopera- 
tive at its minimum stroke, Whereas it begins tocut off sooner 
as the stroke increases. ‘This is a direct reversal of the way 
in which expansion slides are ordinarily arranged. The 
stroke of the outer valve is 4in. ; it has 1 in. lap, and jth 
lead for the upward, and 1jth lap and no lead, for the 
downward stroke. The expansion valve has a stroke ys 
ing from 1} in. to 6 in., according to the position of the 
governor. The effect of these arrangements will be seen by 
reference to the theoretical diagram, Fig. 14. It will be 
noticed that the steam is continued at all rates of expansion 
longer on the upward than on the downward stroke, to com- 
pensate for the wees of the reciprocating parts. 

The new steam always lies within, and at the two ends of 
the expansion valve. On one side of each of the steam 

is an escape valve of special construction. By 
screwing up a gland cover upon a spi ring, any desi 
pressure can be put eg the valve. Ty tuning the hand 
wheel, the pressure of the spring can be temporarily taken 
off the valve, so as to let the accumulated water freely pass 
away down the escape pipe. This obviates the necessity for 
having waste water cocks in addition to escape valves. 
Attached to the steam inlet is a regulating valve, and behind 
that, upon the steam pipe, one of Wilson’s well-known 
lubricators, which introduces a little tallow or other lubri- 
cant with the steam as it enters. 

The governor (see Fig. 9) is a modification of the kind 
now well known as ‘“‘cross armed,” or approximately 
parabolic. Just twenty since I desi and set to 
work at the fee ills, Darlington, what I believe 
to be the first parabolic governor made in this country. It 
was controlled by an air cataract, and is still doing Fret 
service. Since that time the cross-armed variety of the 
parabolic governor, but controlled only by a spring, has 
come into general use. This, thongh not absolutely 
synchronous, is at mag so, and is simpler to 
construct than the lington, or bolic type. 

In the present case, the conn 8 are carried up- 
wards from the arms to a cataract cylinder, filled with creo- 
sote (which will not freeze in winter), oil, or other liquid, and 
sliding on a piston secured to the end of the central spindle. 
By ting a small cock in a b cast upon the 
cylinder, the liquid is ; 


passage, with any — 

the balls; and all'conneéted With them, to rise or fall 
f » bat only at sich a speed'as will not allow of ‘“ chas- 
ing,” or hy -* alternations in the speed of the engine. 
Secured to top cover Of the eataract cylinder is an 
» gud upon it’ a small crosshead, held down 


At the other end of this weigh shaft is a lever, acting 
through a connecting link upon the lower end of the upper 
member of the expansion eccentric . When the proper 
speed is éxceeded, the governor balls gently rise, forcing the 
link block towards the far end of the link, and giving the 
i vernor balls fall, 
y are quite down 
by the outer valve 
only, as in an ordinary single- Great advan 
is found to resalt ftom the action 6f the I quid cataract, in 
holding firmly‘the link block in thé link, while yet permit- 
ting it to travel. ‘varieties of steam engi 
i decided advan’ 


slide, the steam® 


. |shop, and two pairs of stra 


For | is a modification of what has 





zontal governor spindle to be less, because two straps may 
be worked more than one, whatever wear there 
is, will be equal at both ends, i of all at one. 

The ealy eaniedions required for the engines are two 
courses of stone, consisting of five blocks in all, crossing 
joint. They are set on three or four courses of brickwork, 
which rest upon a bed of concrete, or upon the solid — 
according to circumstances. The four foundation bolts pass 
right through the stonework ; channels being left in the 


brickwork below for getting at the cotters. There is not 
the slightest tremor upon stonework at any speed which 
~ z been tried. 


joint pins, link, link block, &c., are all of mild 
crucible + gets on Pewer) and tempered, after bein 
fitted. The corresponding eyes are of wrought iron or steel, 
case-hardened and tem Je In this way, if the case- 
hardening be carefully done, the most enduring jointed gear 
can be made. It is in such points as these, viz., which are 
not easily examined when new, but which may cause in- 
describable annoyance afterwards, that the difference be- 
tween engine builders of good standing, and those who only 
make to sell at the lowest possible prices, becomes most pro- 
minently conspicuous. 

The piston and slide-rods, the crankshaft, governor 
spindles, and weigh shafts are also of mild steel, but as 
these run in phosphor-bronze bearings, they are not case- 
hardened. f 

Let us now again turn our attention to the theoretical 
diagram, Fig. 14. This has been constructed to illustrate 
clearly, at a glance, the distribution and behaviour of the 
steam throughout a revolution. The black lines resent 
the downward stroke, and where any difference exists the 
dotted lines represent the —— one. The pair of de- 
scending curves to the left, shows what takes p whena 
minimum, and those to the right when a maximum re- 
sistance is offered. These are the two extremes, indicating 
suppression of steam at from ys:ths to jths of the stroke. 
In regular work, the variations of the engine ought to be 
kept well within these limits. If it were to work habitually 
close to the one or the other curve, it would be evident that 
the engine ought to have been more or less powerful. It is 
probable that the loop formed by the steam lines when cut- 
ting off early, will attract your notice as an undesirable 
thing. The descending curve is, of course, the only 
possible curve, according to the laws of gases, under these 

recise conditions ; and it goes below the atmospheric lino, 
fo which it must return as soon as the exhaust port opens. 
Were the engine a condensing one, the line would go down- 
wards, and not upwards at that point. The area of the loop 
which represents back pressure, must be deducted form the 
steam area in estimating the indicated power, and must be 
considered as acting to increase the compression towards 
the end of the stroke. The lesson taught is, that there is 
no economy in cutting off in non-condensing engines, at 
Ysths of the stroke, or at any point which will expand the 
steam below the atmospheric pressure. 

This does not, however, tell against non-condensing en- 
gines with variable expansion gear, more than those in 
which the governor operates on the throttle valve. All we 
can logically infer from it is, that both are uneconomical 
in steam, if their power is much above the resistance to be 


diagram should be produced, however, not 
habitually, but only occasionally, and that when some con- 
siderable proportion of the ordinary resistance is removed, 
without moderating the initial steam pressure. The engine 
in that case does its best, not to run away. It cuts off the 
steam as early asit can, and increases the compression in 
proportion to thearea of the loop. If this will not do, it has 
** got to the end of its tether,’’ and will increase its speed till 
the greater friction absorbs the power. If, however, the 
attendant reduces the initial pressure, or increases the re- 
sistance, the cut-off will at once grow later, and the loop will 
disap Inasmuch as the engine is steam jacketted so 
completely, it is not unlikely that the expansion curve may 
in practice prove to be higher than theoretically, owing to 
re-evaporation, by the heat of the jacket of the particles of 
water brought by the steam. This would tend to lessen the 
loop, and the back pepe itrepresents. I have, unfortu- 
nately, not been able as yet to take any diagrams from the 
cylinder itself, but hope to do so before long. 

The engine is adapted for a variety of purposes ; in fact, 
almost wherever non-condensing, non-reversing, stationary 
land engines are anywhere employed. 

Figs. 10 and 11, page 271, show the arrangement recom- 


mended, where it is used as an ordinary factory or work- | had 


It is placed in the centre, at the end of the 
are taken upwards, right and 
left to the shafting, from the fly wheels, or from subsidia: 
sheaves outside of them, according to the speed required. 
I prefer double straps to single ones here also, for reasons 
reviously mentioned, viz., that thinner and lighter straps 
tightly strained, will answer the purpose, diminishin 
wear throughout. The strain also on the crankshaft oat 
its bear’ arising from duplicate straps, is nil, except in 
an upward direction, where it is a manifest advantage 
Fig. 13 shows a method of applying the engine to a 
rolling mill, and has especial reference to the not uncommon 
case, where it is desired to obtain great flywheel momentum, 
without sacrificing the room, and without needing the costly 
foundations and deep pit required for a flywheel. In 
2 present — oe pon is ome in two pair of 
quick running flywheels, one pair upon the engine, and the 
other pair upon the pinion shafts. These two shafts are quite 
separate, and are connected by a device which permits them 
to get out of line to almost extent with impunity. It 
been in occasional i 


use in 
lathes and elsewhere, and which is called a 


“ Clement’s 
driver.” It will be observed that one flywheel of the engine, 


shop engine. 


. | and one of the pinion shafts are brought face to face, ata 


| 


distance aj of about 8 in. ; at right ‘to the face of 
each w is cast a pair of lags, j 3} in, and 
lying radially and ly one to the other. 





These are coupled together by the cast-iron driver frame, 
shown in Fig. 12, which carried first upon one 
w and upon the other permits almost any amount 
of deviation of centre lines without affecting its action. It 
is in fact-a simple form of universal joint, and can at any 
time be removed in a few minutes; the engine is then 
entirely disconnected. 

I attribute great importance to the circumstance that 
this engine has a bearing, and also a flywheel on each side 
of the crank, instead of an overhung crank, and single fly- 
wheel, as is customary, for, in the latter case, the action of 
the cylinder, and the reaction of the neck bearing, are not 
directly opposite, and they are therefore constantly tryi 
to stretch or strain themselves into line. The result ia, 
that either an excessive weight of standards and bed-plate 
must be resorted to, or else a rocking or oscillating move- 
ment of the framework must be expected at each stroke. 
Then again, with an overhung crank, the crankshaft, from 
the crank-pin to the flywheel, receives the entire force of 
the piston, when the crank is at right angles, and it is not 
only relieved therefrom, but actually slightly strained in an 
opposite direction, when the crank is on the centre. In 
the resent case this inequality is equalised, for part 
of the strain when the crank is at right angles goes 
into one flywheel, and part into the other. When the 
crank is on the centres, the outer flywheel restores a portion 
of the power contained in it through the shaft to the inner 
flywheel ; the result being that there are no considerable 

terations, as in the other case in the strains upon the 
crankshaft. A lighter shaft may therefore be used. The 
superiority of a crankshaft with a bearing on either side, 
instead of an overhung crank, has long been recognised by 
marine engineers, who in inverted engines have generally 
abandoned the old intermediate shaft in favour thereof. 

In conclusion, I desire to state that I do not claim to 
have submitted to you an engine containing very many, or 
striking novelties. To do that would seem to have become 
in these days almost impossible, so many and so able are the 
minds which have been for generations concentrated upon 
diversified developments of our principal ‘‘ prime mover.”’ 
But I may perhaps be permitted to remind you, how much 
difference of opinion continues to exist, not only among 
steam users, but among experienced engineers themselves, 
as to the best form for a steam engine, and the best design, 
material, and mode of construction for almost every detail. 
Surely then, any one who bestows thought, time, money, 
and labour, in the close and careful consideration of these 
things, and who comes before a body of scientific men like 
yourselves, to state the result of his labours, and his reasons 
for adopting this form or method in preference to that— 
thereby either assisting to settle your minds where any 
doubt may linger, or stimulating among you discussion 
which may ultimately have the same effect—surely any one 
who does this, does a useful thing, even though it may be 
capable of proof that every item of improvement suggested, 
when taken by itself, is devoid of novelty. 

It is a byword in agriculture, that he is a benefactor to 
his race, by whose efforts two es of grass are made to 
grow where one grew before. If through our united dis- 
cussions, an engine is developed, capable of indicating more 
power for a given cost of construction, space occupied, or 
weight of steam used, than has hitherto been accomplished, 
8 we not be entitled to be ranked side by side, at least 
with the successful farmers who, nobody denies, have laid 
society under an obligation ? 





THE FERROUX ROCK DRILL. 
Description of the Ferroux Rock Drill. and Air 
Compressor.* 

By Mr. H. W. Penprep, C.E., London. 

THE two tunnels, respectively known to the world as the 
Mont Cenis and the St. Gothard, represent two of the 
grandest feats of modern engineering. The history of that 

metrating Mont Cenis, and the leading events attending 
its formation, are too generally familiar for the author to 
dwell now upon them; but ‘he will say a word or two of 
preface as to the St. Gothard Tunnel, where the machine 
which he is about to describe has earned its renown. On 
the 10th of October, 1871, an international association was 
formed to furnish the St. Gothard Company with funds 
necessary to prosecute such an enterprise, the capital being 
fixed at 102 millions of francs. 

The survey to determine the centre line and length of the 
tunnel, as well as the difference of level of the two mouths, 
been carried on since 1869, by Mons. O. Gelpke, en- 
gineer. His surveys had the following results: The 
southern end, fixed at Airolo, and the northern, at Goés- 
chenen, are distant, one from the other, 9.6 miles, with a 
possible error of but about 2ft. either way. Of seven 
tenders for the contract, five were quickly dismissed for 
various reasons, the competition ining between the 
Italian Company of Public Works and Mons. Favre; the 
choice fell to the latter for the following reasons: The 
Italian Com uired nine years to construct the 
tunnel, whilst Mons. Favre aabel but eight ; besides this, 
the former only consented to forfeit the caution money, 
800,000 francs, required by the company after the term of 
eleven years, whilst Mons. Favre agreed to forfeit at the 
end of nine years. 

The works were commenced at the beginning of June, 
1872, and continued till the following November, at Goés- 
chenen ; and at Airolo, the preliminary cutting, leading up 
to the heading, was begun on the 1st of July, and com- 
pleted the 24th of August following. 

The material encountered at. the Goéschenen end was 


chiefly hard ite iss, at first’ fall of fissures and 
sens: Wek: aevandia th Nias andl is. The 


two tannels at Mont Cenis and St. Go are not only 
remarkable as triumphs of i ing science: 
selves, but they are also i above alt other 








* Paper read before the Iron and Steel Institute. 
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similar works from the stimulus which their construction 
gave to the improvement and development of rock 
machinery, a branch of mechanism that deserved muc 
more attention than it had received previously, for such 
labour-saving machines must ever be of t value in 
countries possessing any share of min wealth. The 
Mont Cenis Tunnel formed the greatest trial-ground ever 
bronght to the attention of inventors and makers of either 
rock drills or air compressors, and now St. Gothard is test- 
ing and condensing the experience gained at its older com- 
ion. It may fairly be said, that at both tunnels eve 
— example of rock drill has been tried, the rincipel 
and most successful being the “‘ Ferroux ;’’ the McKean ; 
the Sommeillers ; and the Dubois-Francois ; and the object 
of the present paper is briefly to describe the first of these. 
From this description, and an extract from the quarterly 
reports of the Swiss Federal Council on the progress of the 
wor at the St. Gothard Tunnel at page 5 of the report, 
the audience can draw their own conclusions. ae t, 
then, the Ferroux rock drill, it is, as its name implies, the 
invention of Mons. Ferroux, formerly chief of : wad 
shops for repairing the machines used at the Mont Cenis 
tunnel. To make the working of this machine clear, SF is 
as well to say a word or two about rock drills in 
Most of these machines consist of a eylinder ot pee piston 
mounted on a supporting frame, and fitted with a screw to 
feed the boring tool up toits work, the serew being actuated 
either by the machine itself, or by an attendant. The 
piston and boring tool, when at work, reciprocate rapidly, 
and have also an intermittent rotative motion as well. 

The weak point in all such , is the feeding ar- 
rangement ; the nature of the rock against which the ma- 
chine operates i is variable, and thus, at one place, the bori 
tool pr s more rapidly than at another; under suc 
circum: , the feed should be exactl proportionate to 
the rate of progress. This can never the case with a 
hand-fed hine, simply b the most careful atten- 
Ngee A sto the oaarisoniie 

e same argument applies e 0 automatically- 
fed machines in a still greater degree, because, be the rate 
of progress of the tool an inch per hour or a foot per hour, 
the feed is uniform, and, if set for hard material, time and 
power are wasted in soft strata, while on the other hand, if 
set for soft work, and a hard vein is met, then we have the 
tool jammed, and often broken ; it will be evident, how- 
ever, that the Ferroux machine overcomes this difficulty 
effectually. 

Figs. rs to 6, page 274, show a machine. The feed in this 
machine is on the allotment principle, thus : A certain piece 
of work is fed to the borer at once, and until this is perfo- 
rated, no more is given ; if the borer perform the work in 
ten minutes, at the end thereof it gets another allotment ; 
while if a hard vein is met with, tl tia an hour to 
piere, the borer will get no more till be done, thus 
neither under nor over-feeding can take place. 

Referrmg to the figures, it will ' seen that the 
Ferroux borer consists of two cylinders, set end to end, and 
fitted with pistons, rods, anda frame in the machine for 
tunnels, while in the machine for mines and shaft sinking, 
&e., the cylinders are set side by side one above the other. 
The one is called the p propelling Lcytntes, and the other the 
boring cylinder ; the propeller the borer up to its work. 
The comp’ air is introduced into the Sins through 
a cock, and enters the first Bey 4 L, which is the pro- 
peller cylinder ; in this is p BF, a > - 
tubular rod N, the other ua of Otc is securel, 
the boring cylinder T, in which reciprocates ry A wad 8 
and the boring rod B. The com air entering at I 
produces three actions, first, it presses before it, in a con- 
tinuous manner, the bori cylinder towards the rock to be 
pecenees, and when the borer has pierced the rock to a 

lepth equal to the “ pitch’’ of a tooth Nee rod B, 
of seen es bo te wer ee 2S. 
ty >= foe ie Soe it, a Be ay a Terkel 
ever D, w is peo) with a pair of pro ons acting 
as “ a oe re ET ae woe o 
orward a distance equal to one notch of the rack. 
The boring linder is thus as if were consolidated with the 
action of rer, but it is necessary that it should be also 
pe pre he Be: therefore vided with two 
small cylinders X X, arranged horizon’ as at CD; in 
each of these works a , 80 formed ~~ "ite outer side as 
to act as a “pawl,” hick engages inthe tooth of the rack 
formed on the inner face of each of the framebars AA. It 
will be seen that the action of these ‘‘ pawls’’ is the reverse 
of those regulating the forward movement of the propeller, 
and they o) prevent any greater degree of recoil on 
the of the borer upon the oe than the “ pitch” 
of a tooth in the racks, so that w such * pitch’’ admits 
of an elastic cushion to soften the recoil action and prevent | 300 
fracture, at the same time the “ play’’ is too limited to 
vitiate the boring action. As the pistons in XX are subject 
to the action "of the compressed air, they are thus kept 
forced into the ratchet teeth, while their oblique leading 
faces 2a them obstructing the feed movement. 
second action of the compressed air is to operate 
throegl the hollow rod N, and anne pore to actuate the 





pees: foe LE linder T air enters;the valve 
box P, and is admitted before and behind the 
o slide valve Q in the bor, 


piston O by the slide 

The third action of the compressed air is to actuate the 
air engine at the rear of the propeller cylinder L. This 
engine is constituted of a cylmder within. which works a 

ee eeton Be over which is a erank and shaft 
uni’ piston by a connecting rod. e crank is a 
slotted one, having on the one oile se eccentric to shift the 
slide yalve for its own cylinder, and, at the other side, a 
socket sleeve into which the end of the ] shaft Sis fixed. 
Beyond the bracket supporting this endof the shaft i «fy 


eter, Bo as to economise 


APPENDIX. 
EXTRACT FROM FEDERAL REPORT, No. 12, ON THE PERFORMANCE OF THE FERROUX DRILL. 
North Side of Goeschenen—Machines of Ferrous System. 


ANALYSIS OF COMPARISON. 
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the propelling arrangement i is ins 





























Absolute Results obtained by the} Absolute tense reduced to 
Work of the Machines Boring of 10 in. 
July August July. August. |September. 
Measured advance ... sig ose metres} 113.40 119.90 
Average day’s work . wd ms a sae 3.658 3.868 
Minimum a Pe: 6. 6.50 
Number of stops for freeing the driver wie ..-| 103. 105. 9.08 8.76 8.66 
For drawing away rubbish .. “a | 108. 105. 9.08 8.76 8.66 
Hours of actual work... eel S tin «| @21h. 701 h. 40 40| 62h. 45] 58h. 81) 56h. 18 
Time lost : we 200 ons | 80h, 42h. 40 . 10 
Time taken to clear holes ... se ..| 385h. 383 h. 40 . 05) 83h. 59) 82h 29h. 05 
Time taken for drawing out refuse... | S26h. 318 h. 35] 28h. 46] 26h. 31} 27h. 08 
Average time of a metre per hole peo ih, lh. 05 . 03 
me on in payee pated ms 3h, 3h. 39 . 21 
» ‘or draw earing for eac’ 
tie ys 7 oz 3h. 3h. 02 . 08 
verage time for commen clearing, wing, 
out, and removin; mencing, 6h. 55 6h. 41 . 29 
Total number of holes bored on ‘imetres| 1844. 1723. 162.61 147.87 139.16 
Ave time for each attack een ae 17.90 16.89 
Total depth of holes bored ... one ape »» | 2192.52 | 2108.10 193.34 178,82 166.99 
Depth of holes being worked 4 ae » | 21.28 20.08 
Mean average of hole ii ote ook 1.189 1.189 
Length of time occupied in each attack eve} 122.45 124.80 10.80 10.41 10.39 
Advance obtained or progress made 113.40 119.90 
Total length of holes without any useful result... 1.101 1.142 
Total length of holes now under — without re- 
sult 162.02 82.74 14.29 6.90 6.26 
Total length « of holes remaining without good 
effect... ove eae 1,573 0.788 
6.088 0.047 
SUBJECTS OF COMPARISON. 
Positive Results obtained by the | Results reduced to the Boring of 
Work of the Machines, 10 in. 
July. | August. |september. July. August. | September. 
Number of machines pe Amy in all 618 630 54.50 52.54 51.95 
Average number of machines engaged in each 
¥ oe pe 28 ve io top ; 6 6 
we oO i obliged 8 or re- 
r 38 29 8,35 2.42 1.19 
Proportion for per cent. of .. ide be. gee 6.15 4.60 
machine, and beyond it is an eccentric which actuates a re- | a method of circulating cold water through the interior of 


ciprocating ratchet which Se rnitting in'the os a wheel V on 
the boring bar, giving it an in’ movement 
of one tooth ‘‘ pitch’’ et each low dealt dealt by the 1 upon the 
rock. To withdraw the tool from its work it is only neces- 
sary to close the cock I and open that at J, when the air 
which pushed the machine forwards escapes, and the com- 

senna aie pe KK to 
he front side of piston it back, which 
withdraws the tool and closes up the machine like a tele- 
scope. A socket Y sermon to Mt tl te any supporting 


machine. 
It will be evident, from the fo description, that 
footy >be and distinct 
its action, and that neither 


The above machine only for tunnelling, it 


is too large for general sale’ in this coun here but 
little tunnel work remains to- be - done. 


e > mnedeine 
measures about 10 ft. long when shut up, by 1 ft. wide and 
1ft. 2in.deep. The stroke is 64 in. long, and the travel of 
the propelling piston is 2} ft., the weight of the machine 
without the carriage is about 4 ewt 
A much smaller and lighter machine is made for mines, 
quarries, and shaft sinking, &c., here —— machines are 
requisite and s is con’ he principle of this is 
the same as for the other sas Re t the pro; propelling 
linder is placed immediately beneath the borer ; the to 
closed length of this machine is but 5ft., and the weight 
, and Messrs. Roy are improving even on this ma- 
om * This drill has no reciprocating air engine or fly- 
wheel, crank, &c.,.to move the slide valve of pipe 
cylinder. The top shaf + is still used, but, instead of being 
rotated, it only receives a partial rotative movement to 
fro. To ita piece of metal is secured, having an oblique 
ve cut in if, and a pi née k lames fitted to the 


ring piston rod e' 6 in it, thus, as this merely “4 
in a straight line evidently, the rife ve, so tos 
thrown to and fro. There is no doubt. whatever t this 


machine, or modifications of it, will exercise a 
fluence on coa. , and go far to supply the wont of the 
age, viz-, a good, efficient, coal-cutting machine. 


THE AIR COMPRESSOR. 
Messrs. B. Roy and Co., the present owners of the 
saaves patents, are the o designers of the air 
mpressors, now about to be described, for the works at 
Mout St. Gothard; they are on the high-speed principle 
the air required at the St. Gothard 
than that needed at Mont Cenis. At 


tet a 


peo mk and t 
centre of the 
fee te boa t the top. Th 
or purpose a‘ e wi 
the piston at a greater pressure than tee air an in 
the cylinder, forms around the piston A an effectual air- 


7 = 





Se ite. one Oe ¥ 
meawiag the cylinder also cool. 


ly this, but on its periphery as well, 
Wilbieesd mackineewam 


also, adel Regen space as much as 


tity of air uired 
=F of of Py 


aie 
The description of one compressor will suffice, the 
ing supplied by using a sient 
e of the compressor cylinder 
is 0.420 metre, or about 16} in., the stroke being 0.650 
metre or about 27 in., and thus each single stroke of 
= eam a volume of something more than 3 cubic 


The pistons of the compressors are made as follows ; they 


+ hang whic 


iow, and the water circulation |is maintained 


pa with the 
der is provided wi 
and through these the water is sent. The piston 
rings of brass placed in grooves on its 
are separated by a 
hery, which communicates with the 


, interior of the er Nclay anie by a pele is bored 


groove in the 


ht and ae ring, which also keeps the face of the 


ite i pa by 
the my 


In the h 
observation 
that a Ferroux ene healt ot Otniien 
occupied in doing so one hour and nine minutes. 


also gallery at 





Moreover, a. certain quantity finds its way 
ing around the 
ean and cools it, w 


, it then mixes 
; the work of 


and so increases its effective 


m observed in the 


power bi by = Mol». oom Ay heating and consequent dilation of 


In conclusion, the author we 
page 9 of the quarterly 


t add an extract from 
ee eet eer 


on the progress of the w e Gothard Tunnel. 
Ezxtract.—Besides the mac employed at the boring 
of the heading gallery, Sie euly woe used for the exca- 
vation, On the north side of the tunnel, six pl 
is machines werked her in the heading 
(emeutte of the Strope) h the use of mec 
for th of rp ot on was cl 
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BOILERS OF THE CIRCULAR IRONCLAD 


CONSTRUCTED AT BAIRD’S IRON WORKS, ST. PETERSBURG. 


Fig.3. 


Art the present time, when the Russian circular ships are 
attracting much attention, our readers will we believe 
regard with much interest the illustrations which we this 
week publish of the engines of the Novgorod, the first 
of these circular ironclads. The Novgorod is 101 ft. in 
diameter, and has a draught of 13 ft., while, as we have 
stated on former occasions, she is propelled by six pairs 
of engines, each pair driving a screw-propeller 10 ft. in 
diameter, and with a pitch variable from 7 ft. to 11 ft. 


‘NOVGOROD 80 HP Nom’ 


Dia’ of Gylinder 31" High pressure 
Length & Strole 2’, 0" ” 











Scale 48 lbs to one inch. 





Dia? of Gander 45 Low pressure: 
of Strole 2", 0° 

















Scale 18 lbs to one inch 
Indicated Horse power High pressareGl! 235.5 
Low : Se 
499 6 


The general arrangement of the engines will be seen from 
the quarter plan of the vessel forming our two-page en- 
graving this week, and from the other views, Figs. 1 and 2, 
given on page 278, while Fig. 3 on the present page is a 
section just in front of one pair of boilers. From these 
views it will be seen that the engines are of the horizontal 
compound direct-acting type, fitted with surface-condensers. 
The high and low-pressure cylinders are $1 in. and 45 in. 
in diameter respectively, and the stroke is 2 ft., the pistons 
driving cranks at right angles. In the outside pair of 
engines on each side of the vessel the condenser is behind 





the cylinders, while in the other pairs it is in front, and on 
the opposite side of the crankshaft to the cylinders, In 
each case the air and circulating pumps are situated beneath 
the condensers to which they belong, and are worked direct 
from the low-pressure piston. Steam is supplied to the six 
pairs of engines by eight boilers, each 11 ft. diameter by 
8 ft. Gin. long, these boilers being disposed in two groups of 
four, as shown in our two-page engraving. 

In her trial made in August, 1873, with the screws set at 
a pitch of 8 ft., and the engines making 104 revolutions, 
and developing collectively 3000 horse-power, the Novgorod 
made a speed of 7 knots; but it has recently been stated 
by Mr. Reed that the vessel has steamed 84 knots with the 
exertion of 2270 horse-power. Of the conditions under 
which this latter result was obtained we have at present no 
particulars; but the relations between the speed and power 
differ so greatly from that obtained during the earlier trial, 
that detailed information concerning the later results would 
be of much interest. We reproduce herewith indicator 
diagrams taken during the trial of August, 1873, which 
show the development of 499.6 horse-power, by one pair of 
engines, and these diagrams we are informed were fair 
average cards. 

The Novgorod was designed by Admiral Popoff, and 
built at Nicolaeff, while her engines were constructed at 
Baird’s Iron Works, St. Petersburg. 





BLAST FURNACE GASES. 

On Carbon and other Deposits from the Gases of Blast 

urnaces in Cleveland.* 

By Me. Joun Pattinson, Analytical Chemist, New- 

castle-upon-Tyne. 
(Concluded Tem page 262.) 

In one of his experiments on the dissociation of carbonic 
oxide, Mr. Bell 7 to the action of this gas pieces of 
pumice-stone which had been s in a solution of sul- 
phate of iron and afterwards calcined. This substance, 
when thus prepared, would be in a condition us to 
firebrick. Both substances consist of earthy silicates, 
through which fine particles of oxide of iron are diffused. 
The pumice-stone thus prepared would, however, probabl 
contain more oxide of iron than the firebrick. The pina | 
of the exposure to carbonic oxide was that, in nine hours, 
an amount of carbon was deposited equal to 770 parts of 
carbon for every 100 of iron contained in the pumice-stone. 
So likewise, in the sample of disintegrated firebrick taken 
from 39ft. above the 1 of the hearth, the carbon is 
found associated with the iron in the proportion of 581 
parts of carbon to 100 of iron. 

A careful examination of many of the bricks showed 
that they had contained a number of black iron-spots, 
formed from pieces of ironstone or pyrites exi in the 
clay, and it is on these iron-spots that the greatest amount 
of carbon is found. Little nests of ferruginous carbon, 
often about the size of horse-beans, were found on the 
places corresponding to these spots, and the accumulation 
of carbon in some cases had apparently grewn so large as 
to split the brick, and thus to open it to the more ready 
passage of gas. Some of the bricks had only carbon de- 





* Paper read before :he Iron and Steel Institute. 
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os these marin hab wasee te ante n Ay, more — 
ev » every e e brick seemed impregna 
with carbon, and the whole changed to a crembiing and 
disintegrated mass. The carbonaceous deposit formed on 
the iron-spots was examined and found to contain : 


Carbon oe at oa 84.9 
Ash, chiefly oxide of iron ... 15.1 
Aaa stiningh wading ts chteha o-tengee enusigien th 
attempt was oO a r quantity of the 
deposited carbon on the iron- agg ph my may oe 


more complete analyses. It will be seen, however, that the 
sample contains a considerable proportion of the disinte- 
grated brick : 


Carbon ace * ove 57.76 
Tron ... se eco acs 3.08 
Silica... <0 om a nm 19.65 
Alumina... a oe Pied Fuel 12.00 
Lime ... ne ‘ae Sie a oon 0.28 
Magnesia... ‘ie “ai ing pee 0.51 
Potash ad ce 3 bas be: 2.43 
Soda ... on 0.63 
Sulphuric acid trace 
Sulphur ay. 0.44 
Moisture «. 2.60 

99.38 


In this case, the iron is associated with carbon in the 
proportion of 100 of iron to 1875 parts of carbon. Thereis 
also a considerable accession of potash, for, roughly 
speaking, thee is three times as much of this alkali present 
in relation to the silica and alumina as there is in the 
0 


he question naturally occurs: How is it that this 
puaies some on the brickwork does not occur, or has not 
een observed to occur, in other furraces? The firebrick 
ae pe furnaces in Cleveland all contain peroxide of iron, 
are all more or less gouemn, gral ene subject to the same 
conditions of temperature. In reply to this it may be said, 
that furnaces may often be in this condition without its 
being observed. It is meee Sues for granted, when a 
furnace is blown out, that the whole of the lining must 
come out, and as the duty of removing it is usually entrusted 
to men who are not interested in observing the condition of 
the bricks, any portion of the lining which is not of sound 
brick is thrown upon the rubbish heap without further 
notice. re is, moreover, evidence to show that this 
action of the gases on the brickwork does often take place 
On a inquiries since this investigation was commenced, 
I find that the brickwork of a flue around the top of a fur- 
nace in Lincolnshire, made to convey the waste gases away, 
tier the vobelilite of das taps. ie, Tasaen, the iaetone 
re 0! ue. Mr. Thomas, r 
of the blast furnaces of , which have recently been 
blown out, says, that the brickwork of both for 
36 ft. to 40 ft. from the top was black and just like coke, 
and tha it had all crumbled away and fallen into the fur- 
naces. 
eyeee in all La oo a ee poten on apr eg 8 ork 
is the cause in many i o! bursting of t oy 
ings of furnaces which so often gives trouble 





and iron ‘- 7 

managers. . Howson, y h, tells 
me that, in repairing, recently, at Mr. Samuelson’s works 
a furnace which burst at the side, he found the brick 
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work near the place quite blackened and disintegrated. 
I have now in my possession a piece of the brickwork 
given to me by him, which is very highly charged with 
carbon. 

In the crevices, between the bricks of the same part 
of this furnace, were also found considerable quantities of 
very pure crystals of oxide of zinc of a yellowish-green 
colour. 

There is no doubt, however, that many furnaces 
have been blown out, the lini of which have shown little 
or no sign of this peculiar action. Messrs. Gilkes, Wilson, 
Pease, and Co. themselves have blown out several furnaces, 
75 ft. high and under, which have even been lined with the 
same kind of bricks as those with which the two furnaces 
under notice were lined, but have never before found the 
bricks in this condition. This would seem to point to the 
conclusion that other circumstances and conditions besides 
those connected with the quality and composition of the 
bricks have, in these cases, furthered the deposition of 
carbon, and the consequent disintegration. hat these 
circumstances and conditions may be, I have not been able 
distinctly to trace, further than that charging the furnaces 
with very small ironstone, as was the case when North- 
amptonshire stone was used, would prevent the —_ 
escape of the gases, and cause them to be forced wit 
ae wl pressure than usual through the pores of the bricks 
orming the lining, thus aiding the rapid deposition of 
carbon. It is also probable-that in all circumstances the 

8 will be forced with greater pressure ae the 
| ll of high furnaces than through those of lesser height, 
in consequence of the resistance offered to the passage of 
the gases through the — height of material. I 
shall be glad if any member can suggest another theory 
which would account for the depositing of carbon in the 
brickwork of these furnacee, and not in that of others. 

I have examined the bricks taken out of furnaces at 
Eston and Southbank without being able to discover any 
marked cases of carbon-disintegration. A few black- 
coloured bricks were found in those taken out of one of the 
Eston furnaces; but although black, they were not dis- 
gg One of these was analysed. bricks were 

at Messrs. Boleckow, Vaughan, and Co.’s brickworks 
at Woodifield, and, for comparison, I a: an analysi 
made by my friend Mr. Stead, chemist with Messrs. Bolckow, 
Vaughan, and Co., of new brick made at the same brick- 
works. The two kinds of brick were, however, probably 
made at widely different times. 
Woodifield Woodifield 
Old Brick. New Brick. 


Per cent. Per cent. 

Silica 55.86 63.70 
Alumina 33.93 30.66 
Peroxide of iron 1.81 1.63 
Lime.. ‘ 0.29 1.14 
Magnesia 0.80 0.74 
Potash 4.63 2.12 
Soda 0.70 0.15 
Carbon 0.61 _ 
Moisture 0.56 — 

99.19 100.14 


There is a small quantity of carbon in the used brick, but 
evidently not sufficient to cause disintegration. There is a 
marked increase in the amount of potash which has also 
been received from the gases of the furnace. The bricks 
were found to be comparatively close in texture, and black 
——— were entirely absent. It will also be observed 
that total amount of peroxide of iron is only about one- 
half the amount found in the bricks of Messrs. Gilkes and 
Co.'s furnaces. 

It is impossible to say whether bricks, like those last 
paw meng he A. cireums: . tances, resis q ; the 

isi i ion of the gases; but it is reasonable to 
conde t that they would do so more surely than bricks of 
a more texture and containing more peroxide of iron. 

A consideration, then, of all the circumstances elicited in 
this investigation would a) to indicate that in selecting 
bricks for use in the blast furnace, which shall be able to 
resist as much as possible the disintegrating action of the 
+ those coming nearest the following conditions should 
chosen :— 

1. They should contain as little oxide of iron as possible. 
2. They should be free from iron-spots 


3. 7! should be close in the or texture 80 as to 
preven passage 0! Throne’ e pores. 
ing now to the Siner ‘sabstanete which have been 
absorbed by the bricks, the 


t increase in the amount of 
fh the sample taken 39 ft. from 
cent. of potash, or more than 
four times the amount (2.60 cent.) contained in the 
original brick. In the sample taken from 45 ft. above the 
hearth, the h is 5.30 per cent., whilst the origi 
brick _ 2) contains 2.45 per cent. The sample from 
as the original brick, ‘showing that ot dis" height no 
as , show at this no 
accession of h has boom voseivd Potash 
con to the bricks through the medium of the 
Mr. *s experiments show that the gnses of the 


h attracts attention. 
hearth, there is 11.45 


part of the furnace contain very considerable 

— of h and soda. These are accumulated 

rom the s1 uantities entering the furnace with the 

raw materials. salts are volatilised by the 

ihe hag ayy —~ ye ; Sataud te 
; are in a measure 

passing through the cooler materials in the higher ot 

furnace, and so back to the region of the 

to be volatilised. After they have accumu- 


that, 


It is somewhat remarkable 


from 39 ft. above the hearth, about 4 per cent. of the 
potash exists in the form of chloride, and that none of it is 





fowes | When 


in the form of carbonate. Mr. Bell gives the analysis of a 
substance containing 52.9 per cent. of chloride of ammonium 
found in the gas tube of a furnace using raw Cleveland 
stone, and an analysis of “‘ fume” showing 0.57 per cent. of 
chlorine ; but I am not aware that the presence of chloride 
of potassium has been observed before either in blast 
furnace s, or in any of the matters which they have 
deposited. The brick taken from this part contained 
several well defined crystals of this substance about one- 
sixteenth of an inch cube. Some of the Cleveland iron- 
stones used in these furnaces are known to contain con- 
siderable quantities of chloride of magnesium and other 
chlorides, so that it is likely that the decomposition of these 
substances by the heat of the furnace and the subsequent 
union of the chlorine with the potash in the gases has given 
rise to the formation.of chloride of potassium, which has 
afterwards found its way into the brickwork. 

The soluble iron observed in this sample, I am inclined 
to think, is simply the result of the action of the chloride 
of potassium upon the minute particles of metallic iron in 
the presence of moisture after the sample had been re- 
moved from += pammaen > tee in the yy E 4 
a rust joint being form ixing iron fili wi 
chloride of ammonium, or chloride of sodium, in which 
soluble iron is also formed. 

The white porcelain-like substance covering the brick- 
work to a great thickness on the parts of the furnace ex- 
tending from 22 ft. to about 49 ft. above the hearth (marked 


C in the drawings) was next examined. In some places, 
this deposit was 9 in. thick. On exposure to the air, it was 
found to be very deliquescent. The portion examined had 
a slight greenish tinge of colour in some parts. It con- 
tained as follows : 
Per cent. 
Silica 37.07 
Alumina 23.18 
Potash ... 21.59 
Soda... = 6.28 
Carbonic acid ... 2.17 
ime... A 0.17 
Magnesia - « nil 
Peroxide of iron 0.96 
Water ... - 7.70 
99.12 


It will be seen that this is substantially a mixture of 
silicates of alumina, potash, and soda, with a small quantity 
of an alkaline carbonate and other matters. 


An examination of this analysis would t+ that the 
substance had been produced by the action of the alkalies 
in the gases acting on the brickwork, forming a semi-fused 
mass, which had run down the sides of the furnace to 


its present position. But, if the condition of the furnace 
bo comuinel , as shown in the drawings, it will be seen that 
this cannot have been the mode of its formation, for the 
brickwork has retained its original dimensions. 
behind where this substance is found, but also above this 
post, excepting for a short distance, about 50 ft. above the 
earth, and the amount removed here is quite insnffi- 
cient to account for the large quantities of substance 
which were found. The materials into the 
furnace cannot have been melted in their passage 
down this part of the furnace and thus helped in the forma- 
tion of this substance, or otherwise _—— uantities of 
lime and magnesia would have been foundin it. There is 
very little doubt that this substance has been formed by 
the condensation against the sides of the furnace, of the 
silica, alumina, po , and other matters, which have been 
vaporised at the tuyeres and carried upwards with the 


The b deposit, marked D in the Snaiem, ie doubtless 
formed in a similar manner. A portion of substance 
was also analysed with the following results : 

Per cent. 

Silica... bea dis a eos 
Alumina ... we we ao . 21.46 
Potash 24. 
Soda ese ose oli on 4.51 
Cyanogen oe se ona trace 
Carbonic acid ... ae one 2.33 
Lime oe »” 0.97 
Magnesia whe on 0.76 
Protoxide of iron eee 1.45 
Sulphuric acid ... és os 0.14 
Sulphur in other forms 0.16 
Carbon ... * ene 6.87 
Water 2.90 

99.42 


This also consists of silicates of alumina, potash, and 
soda, with some alkaline carbonate and other matters, to- 
gether with about 7 per cent. of carbon which blackens the 
mass. This carbon is in a fine state of division, and is 
probably formed from dissociated carbonic oxide. The de- 
posit marked D was not all of the kind such as analysed, 
other parts being mixed with pieces of coke, limestone, 


en it is considered to what destructive agencies the 
brickwork is exposed, the wonder is that it lasts so long as 
it usually does. It is quite likely however, that the deposi- 
tion of a coating of su like those just described serves 
the pe purpose of protecting the brickwork from 
these destructive agencies by ing up the bricks so as to 
revent the admission of gases. No bricks were found 
disintegrated by carbon in any part of these furnaces until 
37 ft. above the hearth line is reached, below which point 
the brickwork is covered by this mixture of alkaline and 
aluminous silicates and carbon. 


flue there is a covering of concrete made of slag and 
lime. The walls of this flue have been on two occasions 
so distorted and pushed away by a deposition of 
masses of carbon in the concrete as necessitate their 
being rebuilt. Many shovelfuls of the ferruginous 
carbon were found in some places. The accompanying 
drawing, Fig. 3,* shows the position in relation to the fiue 
where the carbanaceous deposits were formed. The deposit 
soiled the fingers very much, but yet it had a distinctly 
granular character, and was somewhat coherent, resembli 
in this respect blocks of table salt. On rubbing it with a 
knife or spatula, bright metallic-looking pos B could be 
seen. Nearly the whole mass was attracted by the magnet, 
those most strongly attracted giving off ag. gas on 
being dissolved in an acid, and sh other indications of 
metallic iron. An analysis was e of a portion, and 


the following result obtained : 
Per cent. 
Carbon ... ans 
Tron — ove ton ix a ose 3.540 
Phosphorus... ose 0.043 
Silica, oxygen, &c.__... we 1.777 
Lost by drying at 212 deg. Fahr. 2.880 





100.000 
Sufficient of the ferruginous residue, left on burning off 
the carbon in air, was collected to make a more complete 
analysis. It contained as follows : 


Per cent. 

Peroxide of iron 93.33 
Protosesquioxide 0.47 
Alumina :... 0.05 
Lime _... 0.14 
Magnesia... 0.08 
Silica... ‘ae 2.80 
Phosphoric acid... 2.90 
Potash ... - 0.08 

0.26 


100.11 

It is evident from the composition of this residue that the 
iron ,which had induced the dissociation of the carbonic 
oxide and the formation of carbon had originally existed as 
Cleveland pig iron, for, on calculating the constituents into 
the condition in which they occur in pig iron, we have the 
following results, which approximate very closely to the 
composition of Cleveland pig iron : 


Per cent. 
Iron 90.73 
one ee 0.47 
Silicon... oso seal 1.87 
Phosphorus “a - 1.75 
Carbon and other matters 5.18 
100.00 


This opinion is confirmed by finding, imbedded in the 
middle of the carbonaceous lumps, pieces—one of 
them about } in. in diameter about xs in. thick—of pig 
metal, having all the characteristics of Cleveland pig 
iron. The cause of the deposition of carbon, then, in these 

itions, is obvious. The slag, of which the concrete was 
ormed, had contained, as is often the case, some pieces of 
scrap metal, which had probably become oxidised on the 
surface. The gas passing through the fiue had leaked at 
some crevices, , coming into contact with the partially 
oxidised pieces of metal, heated to the necessary tempera- 
ture by the passing gases, dissociation of the carbonic oxide 
had commenced and gone on until the large accumulations 
of ferruginous carbon were formed. 
_ It is marvellous to a how this wiieiee — 
in disintegrating, pro’ large pieces of metal, ly 
lifting the settle farther and farther away from their 
original position, and distributing them amongst the large 
masses of accumulated carbon. Lane 

In conclusion, I have to a see my great obligation 
to Mr. Charles Wood, wlio throughout this inquiry has 
rendered me most important and intelligent assistance. 
Without his aid, I should have been unable to place 
before you much of the information I have given in this 
paper. 





IRON ORE IN NORWAY. 
Notes on Iron Ore ae at a near Bodoe, 
orway- 
By Mr. THorsTen NorpEnFeEtT, London. 

In the course of 1875, these important mines which were 
first discovered during 1874, were, at the instance of Mr- 
C. ry one of the largest isenacters - Susten, o> 
j to oot investigation by some 

ing members of the Sedish Geological Society, and 
the Norwegian School of Mines ; and a report upon their 
geological phenomena, by Mr. O. Svedelius, appeared in 

e minutes of the Geological Society, in Stockholm, 
N Thee osm d its of i to! conveniently 

ese enormous deposits of ironstone, so 1 
situated for to , are of the greatest interest 
from the formation of the deposits above ground, 
rising to 600ft. above the surrounding level. They have 
been traced continuously for a distance of more than six 

lish miles. Nat 
oe is the principal town of the Nordlanden district of 
Norway, ite the south end of the Lofoden Islands, 
t 650 English miles from the Shetlands. 

is the seat of the Governor of the Nordlands district ; 
postal and tel h stations connected with the Continental 
and the English oe, also a custom house, a branch office 
of = Bank of Norway, &c. 


the traders to Archangel pass close to Bodoe, and the 











of carbon i . ; 
from waste gases has been found at Messrs. Gi and| * We shall give the engravings illustrating Mr. Pattin- 
Co.’s works. An brick flue con the gases-| son’s in our next number. : 
from the furnaces to the heating stoves. Next to this| + Paper read before the Iron and Steel Institute. 
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roomy and comfortable steamers southwards to Drontheim, 
Bergen, and Hamburg, call regularly all the year round at 
Bodoe, which is thus brought into communication with 

land vid Bergen or Christiansand. 

he Naeverhangen mines are situated along the coast of 
Saltenfjord, about 25 English miles from Bodoe, and about 
6 English miles from the port at Nordvik, in Walnasvand, 
from whence a steamer runs to Bodoe once a week in 
winter, and twice a week in summer. 

The telegraph line passes through Nordvik. 

The depth of water varies from 12 ft. to 20ft., toa dis- 
tance of about 30 ft. from the Granite shore, after which 
the fjord becomes suddenly very deep. Steamers loading 
at Nordvik can proceed to sea without any hindrance, except 
that half-way to Bodoe the fjord is in one place so narrow 
that large steamers, to avoid the current caused by the tide, 
may sometimes have to wait a couple of hours for slack 
water at high or low water. The fjord is all through deep 
enough for the largest vessels. 

In the coldest winters the temperature of Bodoe hardly 
ever falls below zero, and in the middle of summer the 
thermometer very seldom shows above 68 deg. (Fahren- 
heit). 

Like most of the fjords in Norway, the Valnarvand is 
very deep, and surrounded by high rocky mountains. 

oon this fjord proceeds in a north-easterly direction a 
fine and clearly-marked valley, enclosed on both sides by 
ridges of mountains 2000ft. to 3000 ft. high, with single 
peaks rising still higher. 

The north-westerly ridge is, in consequence of its geolo- 
gical construction, more precipitous than the southerly 
ridge. The lower part of the former is almost ppeesones 
up to the height of 400ft. to 500ft., while the upper part 
is divided into several separate ridges and points. 

The valley which leads towards Niaeverhangen is of con- 
siderable width, though it does not contain any real plains, 
because, in the flat valley, there are several smaller chains 
of hills running in the same direction as the mountains. 
One of these, in which the deposits of iron ore in question 
were discovered, commences about three English miles from 
Valnasvand, and runs in a north-easterly direction, until 
past Nieverhangen, where it attains a height of about 
1000 ft. above the level of the sea. 

The ironstone has been followed for a length of nearly 
seven English miles. It shows on the surface the greater 

rt of the way, with interruption here and there, where 
it is covered by the limestone. In the greater part of the 
length, only a narrow vein of from 2 ft. to 10ft. wide is 
shown in the daylight, but near Nieverhangen, the vein 
shows on the top of the mount.a width of from 60 ft. to 80 ft. 
— a length of 2200 ft., decreasing in one place to 15 ft. 


wide. 

The height of the upper surface of the ironstone over the 
level of the Groolevand Lake, and the level of the ground 
on the N.W. side of the hill is 501 ft. 

Leaving out of the question the whole of the remaining 
length of the seven miles of ironstone vein, and taking only 
the surface area of ironstone actually seen on the distance 
of 2200 ft. of a height of 500 ft., this would contain 34 million 
cubic feet, equal to 34 million tons of ironstone. In ac- 
cordance with the proportions of screened ore resulting from 
the work already done, and after deducting the usual pro- 

rtions of ore that must be left in the mine, this would 

equal to an actual yield of screened ore of 2} million tons 
above ground, independent of what could be raised 
mining below the surface, or in the other parts of the vein. 

The annexed tracing, No. 1, will show the bend between 
Nieverhangen and Madstukragen, where the breadth of the 
vein in the daylight actually shows 60 ft. to 80 ft., but it 
will also be seen that further to the east, before the vein 
crosses the Halsvand river, there are three or four veins, 
each of considerable width, which would indicate that one 
or more bends, with heavy deposits of ore, must exist under 
the Naeverhangen ground, where the vein is so thickly 
covered by the limestone that it has not yet been inves- 


ted. 
e geological formations of the oa which enclose the 
ironstone, as well as in the whole neighbourhood, are highly 


interesting. 

Already when the main valley is ascended from the sea, 
- se _ hill show mye ap ae oy of 4 — 
of mine yers running tolerably rly from N.E. 
.y. with an incline of from 30 deg. to 45 deg. towards 


On each side of the ironstone vein, and immediately 
touching it, there is a layer a few feet thick of eurite, in 
some places intermixed with or even changed into mica schist. 
Further N.W. are found layer after layer of limestone, 
eurite, and mica schist, one after the other ; then after that 
a fine grained grey gneiss, and still further in the same 
direction, on the shores of the Groolevand Lake, again 
layers of limestone. 

On the other side, S.E. from the ironstone next after the 
eurite, there are less important layers of limestone, again 
eurite, and further off the same fine-grained grey gneiss, 
asin the N.W. 

These layers have in many places been disturbed after 
the beds were first formed, and thus have been bent and 
folded up as shown by the beautiful and interesting lines on 
the slopes of the hills. 

The tracings Nos. 2, 3, and 4, show how also the iron- 
stone vein has been folded or almost gathered together at 
the several bends seen on the surface at Naeverhangen and 
Madstukragen, together with the surrounding layers of 
eurite and limestone. 

The layers are also slightly bent horizontally, for in- 
stance north of Madstukragen, where they show remark- 
ably wavy lines on a perpendicular cliff. 

€ ironstoue is almost entirely red hematite, though 
traces of magnetic ore are found in the surrounding eruite 
and limestone. 

In order to prove as satisfactorily as possible the richness 
of the ironstone and the actual percentages of manganese, 


as well as to ascertain if any impurities were present, a shaft 
has been sunk in the vein to 2D ft. deep, from which have 
beenraised 850 tons of ironstone, out of which 596 tons, or 
70.1 per cent., was good ore (the percentage not varying 
more than 2 per cent. from one week to another); 6} per 
cent. of this ore was sorted as first-class ore, 93} per cent. 
as second-class ore. 

The percentage of iron in the ore which was first sent to 
the Geological Bureau in Stockholm, and analysed there in 
February, 1875, and which had been taken at or near the 
surface of the vein, showed : 
From Ist class ore 67 per cent. of iron. 
SB) 2n ” eee 2? 
»» bothclassesofore 0.010 os 
‘>. oh 050 = ,, sulphur. 
Later in the year, a general average sample was taken out of 
eight parcels of ore fram the mines, in the same way as 
above, which showed : 
From Ist class ore 59 per cent. of iran. 
phosphorns. 

” ” ” 9 0. ” sulphur. 
During the raising of the 850 tons, several analyses were 
mate every week to control the sifting, with the following 
results : 
1st class ore varied from ... 57.8 to 58.7 per cent of iron 
2nd class, 1st week, varied from 52.5 ,, 54.5 

2nd 52.0 ,, 53.8 


” 2nd ” tee ” 
»» both classes ofore 0.039 pas 
040 


” 


> > 9 


oi | ln eee 1 

i ~! » tae = 

- tis meee ro 

a ». » mea Ps 
51.0 ,, 51.2 


” 


7th 99 3” , 
the ore being sifted out to 70 per cent. of the ironstone 


raised. 
When the 850 tons had been raised, a large sample of 
several tons was taken out by Mr.Dellvik, director of the 
Swedish Ironmasters’ Association. This was sent to 
Sweden, one-half to Dr. A. Tamm, at the Geological 
Society’s Bureau in Stockholm, and the remaining half to 
Mr. O. Lamm, at Finspong. 
These general samples of ore showed : 
1. Percentage of iron :—First-class ore (4 analyses) :— 
63.7, 65.0, 63.6, and 64.5 per cent. Second-class ore 
(11 analyses) :—52.0, 55.2, 56.0, 56.2, 55.0, 54.5, 
50.3, 52.3, 52.5, 54.3, and 55.1 per cent. 
- Percentage of ese :—Both classes of ore averag- 
ing respectively 0.64, 0.77, and 0.83 per cent. 


no 


8. Percentage of sulphur : — First-class ore averaging 
0.01, to 0.02 per cent. ; second-class all showing 0.04 
per cent. 

4, Percentage of phosphorus :—Both classes of ore. The 
several analyses showed 0.104, 0.207, 0.265, and 
0.262 per cent. 

It is difficult to explain how the of phosphorus 


in the last samples so much ex the phosphorus in the 
samples analysed earlier in the year; either the latter may 
have contained less phosphorus from being taken from the 
surface, or a thin seam or stratum, with a heavy percentage 
of phosphorus, may have in the narrow shaft 
be 4 being noticed, and — = thus pe a less 

vantageous percentage phosphorus in the average 
samples taken aa the whole of the 850 tons raised. 

It is also possible that in the same manner as has proved 


by | to be the case in Sweden, about as far north as Bodoe, some 


parts of a vein have proved less free from phosphorus than 
others, especially in cases where magnetite been present 
as well as the red ironstone. 

Be this as it may, the ore can, for the present, not be 
safely considered to contain less impurities than the worst 
analysis shows, though in the future, the average may 

ossibly become more favourable. Still, such immense 
sits within easy reach from land must be of con- 


siderable importance, when they can shown to contain 
not more than 
0.265 per cent. of phosphorus 
—_ * sulphur 
q ma 
52.00 ee iron for second-class ore 


58.00 93 iron for first-class ore 
and when only 30 per cent. of the ironstone need be thrown 


out, leaving 70 per cent. of sifted ore. 

Mr. O. Svedelius has given to the Swedish Geological 
Society very complete details of the plan hes ts for 
working the mines. Taking into ideration com- 


paratively high wages which would have to be paid at the 
—— : h cost of food, the following cont oani be 
arriv at: 


Per b sae 

s. d. 
Cost of ens and raising ironstone 1 2 
Materials for blasting _.... «ai 08 
— the mines ... 4 HA 

ing the ore - pe 

Blacksmith’s work ... we 01 
Wear and tear of implements 01 
Inspection and management eee 0 





3 
s. d. 
Or, say for the ore ... me Ks 44 
Carriage to the port by railway ... 07 
Freight and insurance to England 10 0 
Estimated cost in England of ore holding 
52 per cent. of iron ost i” peat ae’ | 








Lonpon, Huron, AND Bruce Rainway.—The various 
station works along the line of the London, Huron, and Bruce 
Railroad are be: i hed forward. A large water 
tank has been erected at 





ing rapidly - 
inton, and other improvements 
are in course of development. 


RAILWAY PROGRESS IN WEST HERE- 
FORDSHIRE, 

RaiLway construction has progressed considerably of 
late in West Herefordshire, three new lines of railway of 
an aggregate length of about twenty-one miles having 
been opened for public traffic within the last eighteen 
months. These lines have involved the expenditure of 
nearly a quarter of a million of money. The by no means 
inconsiderable towns of Presteign and New Radnor have at 
length received the benefit of railway communication, and 
an important junction has been effected between the Here- 


P ford, Hay, and Brecon, and the Leominster and Kington Rail- 


ways. By this means direct communication is provided 
between the coalfields and the iron works of the South 
Wales district. The first of the new lines which we shall 
notice is the Kington and Eardisley Railway, that being the 
most important of the three. This line commences by a 
junction with the Leominster and Kington Railway at 
Titley station, and it proceeds thence in a south-westerly 
direction through the villages of Lyonshall and Almeley— 
at which places there are stations—to Eardisley, where it 
joins the Hereford, Hay, and Brecon Railway. This latter 
railway company, in conjunction with Mr. Savin, primarily 
promoted the undertaking as forming a portion of a scheme 
for a through line from South Wales to Craven Arms and 
thence to the Black Country and the North. Although at 
present it is but a fragment of the original and somewhat 
comprehensive project, it forms the most direct route from 
a large and important portion of South Wales to Shrewsbury 
and the North, It is about seven miles in length. 

The line from Kington to New Radnor, which has been 
constructed by the Kington and Eardisley Railway Com- 
pany, commences at Kington Station, the terminus of the 
Leominster and Kington Railway, and proceeds thence in a 
north-westerly direction vid Stanner and Dolhir (at which 
there are stations) to New Radnor, This railway—like the 
Kington and Eardisley—only forms part of a scheme for a 
through and direct line to Aberystwith from London vid 
Oxford, Worcester, Leominster, and Rhayader. When the 
lines from Bromyard to Leominster and those westward 
from New Radnor—for which parliamentary powers have 
been obtained—are constructed, this railway will become a 
portion of the main trunk line, and will also be the shortest 
and most expeditious route from London to Llandrindod 
Wells—a rising sanitarium—and Aberystwith. The line is 
about 63 miles in length, and land has been taken and the 
over-bridges in all cases have been constructed for a double 
line of railway. 

There are no features of special engineering interest on 
either of the foregoing lines. Owing to the undulating and 
hilly character of the country, the curves and gradients are 
unusually numerous. The sharpest curve has a radius of 
about 10 chains, and the steepest gradient is about 1 in 50. 
A large quantity of earthwork—some 300,000 cubic yards 
—has been excavated, and many of the cuttings on the 
Kington and Eardisley Railway had to be made through 
indurated marl, necessitating blasting. On the New Radnor 
Railway there are several heavy cuttings through limestone 
rock. There are twenty-five bridges on the two lines, and 
some very considerable road approaches. Altogether the 
works have been of a rather heavy character. 

The permanent way consists of iron flanged rails 72 Ib. 
per yard laid upon cross 10 in, by 5 in. rectangular sleepers 
with the usual fastenings. The lines are at present laid as 
single tracks, but at the stations and junctions double roads 
are laid in. The works are substantially constructed. Ex- 
tensive sidings have been made at Dolhir, where there are 
large limestone and roadstone quarries belonging to Sir 
Gilbert F. Lewis, Bart. In order to develop the trade we 
are informed that a private company has been formed for 
working the quarries, and is doing a considerable and in- 
creasing business. The above lines are we understand 
worked by the Great Western Railway Company. Mr. G. 
Wells Owen is the engineer, and Mr, Charles Chambers was 
the contractor. 

The Titley and Presteign branch of the Leominster and 
Kington Railway, which completes the group under notice, 
commences at the Titley station of the Leominster and King- 
ton Railway, and proceeds thence in a northerly direction to 
Presteign, where a terminal station has been erected. The 
line is single except at the junction and the station. There 
are some heavy cuttings on the line, and a masonry bridge 
of considerable size over the river Arrow, near Titley, with 
which some difficulty was experienced. This railway is 
about seven miles in length, and is worked by the Great 
Western Railway Company. Mr. W. Clarke is the engineer, 
and Messrs. Perry were the contractors. 

From what we have stated it will readily be inferred that 
the western portion of the county of Hereford has now 
excellent railway communication with the iron and coal 
districts of South Wales, and also vid the Three Oaks junc- 
tion of the Hereford, Hay, and Brecon Railway, with 
Builth, Llandrindod, and the upper parts of Radnorshire. 
From Brecon and all places beyond this is the most direct 
route to Leominster, Shrewsbury, and the North. We are 
informed that the directors of the Kington and Eardisley 
Railway Company are all largely interested in their under- 
taking, and that Sir Richard Green Price, Bart., has more than 
50,0007. of capital invested in the line, besides being a large 
shareholder in the Presteign branch, and other local rail- 
ways. ‘This speaks well for the enterprise of the landed pro- 
prietors of the district, and affords an example which might 





be studied with advantage by ‘ qualification’’ directors. 
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NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have appointed Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &c., 
on application. 











NOTICES OF MEETINGS. 

THE INSTITUTION OF OIVIL ENGINEERS.—Tuesday, April 1lth, 
at 8p.m. Renewed discussion on ‘‘ Sewage Utilisation.” 

THE METEOROLOGICAL SOCIETY.—Wednesday, the 19th instant, 
at 7 p.m. at the Institution of Civil Engineers, the following 
a my will be read: “* Velocity of the Wind at Live: 1: Tabu- 

tion of Anemometric records,” by W. W. Rundell, F.M.S. “On 
the Aspiration of the Dry and Wet Bulb Thermometers,” by 
Samuel H. Miller, F.R.A.S. “On the Storm which passed over 
= -— s England, on March 12th, 1876,” by Robert H. Scott, 

., F.R. 





THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, JAMES DREDGE has 
left England for Philadelphia, and that communications 
relating to the International Centennial Exhibition may 
be addressed to him at the Trans-Continental Hotel, 
Philadelphia. 
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THE MERCHANT SHIPPING BILL. 

SINCE we last wrote on this subject, the Merchant 
Shipping Bill has been twice taken in Committee of 
the House of Commons, and some progress has been 
made. Clause 6 has next to be considered, and 
it will probably lead to a long debate. After the 
shipowners had combined with the Government to 
defeat Mr. Plimsoll’s amendment of Clause 3 to 
provide for the compulsory survey of unclassed 
ships, it became their turn to try their strength, and 
to press the amendments prepared by the Committee 
of Shipowners who are ‘‘ watching the Bill” on 
behalf of their body. Lord Eslington is their spokes- 
man in the House, and takes charge of the amend- 
perce En has fared far worse than Mr. Plimsoll, 
and could get no support whatever, practically speak- 
ing, from the House. The first amendment of haport- 
ance, and one on which shipowners lay much stress, 
vizZ., an amendment for the p throwing the 
onus en the Government instead of on the defendant 
in @ criminal prosecution, only found 35 su; 
on a division in which 287 members voted. d on 





a second division again, raising nearly the same 
point, they only found 40 supporters on a: division 
in which 210 members voted. 

We are not surprised at the result. We ventured 
to point out that the legal bearing of the case was 
by no means so clear as the shipowners’ ‘ watch 
committee” appeared to suppose, and that they 
would find this out when the matter came to be dis- 
cussed in the House. In this let us not be mis- 
understood. We heartily dislike the principle of 
the clause as it stands in the Government Bill. We 
agree entirely with Mr, Justice Brett, that the 
spectacle of a man in the dock on a criminal charge 
being cross-examined as fo his guilt or innocence is 
one repugnant to the feelings of the people of this 
country. 

It is beside the mark to urge that such a thing 
might happen under some other modern Act of Par- 
liament, and that therefore it is not a novelty, and 
not an inversion of the established mode of proce- 
dure in our criminal law courts. Have any of 
our judges seen a man charged with a criminal 
offence under cross-examination as to his guilt? Was 
Mr. Justice Brett under a misapprehension when he 
said such a thing had never been seen before in this 
country? If not, the application’ of the principle 


t |} is new, 4nd the fact of its having lain dormant in 


other Acts of Parliament, instead of justifying its 
repetition, only tends to prove its inefficiency and 
unsuitability for practical use in this country. 

We think shipowners would be ramen 4 justified 
in protesting even more strongly than they have yet 
done against this straining of the criminal law for 
the purpose of securing a conviction against them. 
But then to do so with any chance of success they 
must look the whole case fully in the face, and show 
that they are capable of viewing fairly and frankly 
both sides of the question. 

The gist of the matter lies in the fact that if the 
onus were to be thrown on the Government the 
clause would be rendered nugatory, This was urged 
by Sir Charles Adderley, who said it would be try- 
ing to make the prosecution ‘do that which was 
impossible.” ‘The same thing was urged by Sir Hen 
James, by Mr. Forster, by the Attorney-General, 
and others, and was not questioned by any member 
on behalf of the shipowners. We have pointed out 
the same thing before, and shown that it raises the 
direct question whether we are to trust to liability 
clauses or to periodical surveys for insuring seawor- 
thiness. 

The shipowners say we want oe not ros a! 
but they add, you must so erey e matter that 
the liability cannot be brought home to us, The 
House of Commons evidently think this a little too 
much, There is something intelligible in maintain- 
ing that it is better to examine ships to see that they 
are kept in a decent state of repair and seaworthi- 
ness, to strain our old-established legal prin- 
ciples for the sake of sending a few shipowners to 
prison, and frightening a few others. And there 
would be something intelligible in the Government 
refusing to survey ships or to certify to their safety, 
but framing a stringent liability clause, and then 
leaving the whole matter to be fought outin the 
law courts. But to 
alone corresponds with their policy, while their Bill 
provides for surveys, load-lines, and wholesale de- 
tention is, as was pointed out by Mr. Reed, utterly 
unintelligible. Shipowners must choose one or the 
other of the above policies, or be content to ex- 
ercise no influence on the legislation which most 
— concerns themselves, They must by this 
time have seen the folly of trying ‘‘to have their 
cake and eat it.” The old proverb that between two 
stools one is likely to come to the ground, must 
surely have been brought home to them by this time. 
And fighting for a shadow, they must see, or will 
soon see, the substance drifting away from them, 
They might have shaken off the objectionable fea- 
tures of the liability clauses, and many other of the 
fetters the Bill is surely preparing for them, if they 
had sage then oes the principle of a periodical 
survey. tead of doing so they have become, 
isolated, powerless. They will have to look on while 
a vast organisation is being set up around them, 
whose only raison d'étre will be to harass them. 
addition to the usual periodical surveys of the Re- 
gister Societies which they can look forward to and 
provide for, they will have a host of restless, watchful 
enemies always on the look out for an excuse to 
pounce upon the vessel, and every ship will be in 
constant peril, until she gets clear out of port, of 
being picked up and detained for examination, per- 
haps at a time when any little hitch would cause 


retend that the latter course | This 





— trouble nye For ag eigen ce. When two 
ships are competing ¢ or freights ina 

the mere hostile or friendly ‘ittitude of the de = 
officer towards either of them might turn the scale 
without any definite action being taken, or anything 
ae being said or done. 

_. Will shipowners like this uncertainty? Will they 
like being thus placed at the mercy of men having 
Acts of Parliament at their backs, and permanent 
Government appointments in their pockets, who can 
interfere at any moment, and who will know that 
complaints é against them for undue interfer- 
ence will probably be construed at head-quarters as 
the best testimony to their honesty and efficiency ? 

These are matters far more likely to prove a 
serious hardship to shipowners than the liability 
clauses, because they will be matters of every-day 
occurrence, whereas the latter at most can only pro- 
duce occasional embarrassment. They will have to 
be well considered in connexion with the next 
Clause (No, 6) to which the Committee of the House 
will turn its attention. 

It can scarcely be said that the Bill has made 
rapid progrose, or that much has yet been cleared 
up and settled. Five clauses have been nominally 

Of those five clauses the first two were 
merely formal preliminaries. The third, fourth, and 
fifth clauses have been carried, but promises have 
been made on the part of the Government to re- 
consider matters in connexion with some of them. 

Clause 3 turned chiefly on the issue raised by Mr. 
Plimsoll as to compulsory survey, and on that raised 
by the shipowners as to the onus of proof. The 
Government obtained a large majority on both 
issues, but it is well understood t the issue as 
to compulsory survey will be again raised, and Mr, 
Jenkins’ amendment, which was withdrawn on 
Thursday, the 30th ult., to be brought up in another 
form, showed that there is still a strong feeling in 
the House in favour of compulsory survey. 

On Clause 4 there was South doubt expressed as 
to whether the owner should be held liable to the 
captain for the safety of the vessel, or whether it 
is not the captain’s duty to see into the matter for 

i before assuming the responsibility of taking 
the vessel to sea, and although the clause was 
passed, the President of the of Trade was 
strongly pressed to look into the matter again, 
which he probably will find it necessary to do. 

On clause 5, two very important points were 
raised by the amendments, on both of which the 
Government have taken time to reconsider the 
matter, so that although the clause has been agreed 
to, it is subject to another revision and discussion, 
The clause provides for the detention of ships be- 
lieved to be unseaworthy for the purpose of their 
being surveyed. It limits the application of the 
clause to ‘‘ British” ships. Mr. E, Smith moved an 
amendment with a view to extending this power to 
detain 1p ships to foreign as well as 
to British ships. To this Sir Charles Adderley 
objected that if we assume the power to stop 
foreign ships in our ports, and order repairs on 
them, we must also be pre to see other 
nations take equal liberties with British ships, 

is argument is unanswerable; we dare not in- 
cur the risk, He asked ‘‘ Would our shipowners like 
French, Spanish, or Italian surveyors to prevent our 
ships from leaving their ports use they were 
not ro pi and manned as they chose to stipulate ?” 
Certainly not. Ifa British ship could be legally 
detained in some of the ports of South America, and 
other parts of the age on the ground that she 
wanted repairs, or for any other such cause con- 
nected with her efficiency, abuses and corruption 
would arise to such an extent as practically to close 
the ports to our ships. Bills for repairs would ran 
up to such an extent that owners would do better to 
leave the ships on their hands. 

The amendment was lost on a division, and it was 
then proposed to limit the interference with forei 
ships to cases of overloading. On this point the 
Government took time for consideration. It is un- 
questionably, as the Chancellor of the Exchequer 
said, a point of some importance and some delicacy. It 
is extremely hard that we should handicap our own 


In | ships in our own aeons by leaving juan) 2 vessels of 
e 


the same size to heavier cargoes and better paying 
freights, and yet if we interfere with their i 

in our ports we cannot reasonably prevent foreigners 
interfering with British shipping in other ways which 
they may think, or affect to think, as important as 
depth of loading. If we make a p t fora 
state interfering with the seaworthiness of foreign 
ships visiting her ports we cannot expect to control 
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the application of that principle. For this reason we 
trast the Government will be extremely cautious 
how they meddle with foreign ships, It would be 
bette? to give more latitude to our own ships than to 
err on the side of meddling with foreigners. 

Another amendment to this clause, which was 
also allowed to stand’ over for recdnsideration, 
related to whether the Board of Trade, when a ship 
is stopped on information received, should send the 
informer’s name and statement to the shipowner. 
Sir Charles Adderley accepted the amendment so 
far as it related to sending the shipowner a state- 
ment of the grounds on which the ship was detained, 
but not to send the name of the informer. It was 
ultimately agreed to withdraw the amendment, and 
leave it to the Government to insert some words to 
this effect in the clause. 

It will thus be seen that after three nights’ work 
in Committee there have been only three working 
clauses dealt with, and they are not completed, 
From this it will be seen that there is a great deal 
more work to do before all the clauses will be dis- 
posed of. There are 32 clauses in the Bill, and 
many of them will involve long discussion. ‘The 
Bill will now probably not be heard of again until 
after Easter. We trust that in the mean time the 
Shipowners Committee will reconsider the situation 
ond yes be able to bring some influence to bear in 
improving the Government Bill, or at least in 
removing some of its most objectionable features, 


“THE ORIGIN OF MOTION,” 

On e 251 of our last number we published a 
letter from a correspondent ‘‘G. R. B.,” comment- 
ing on some points raised by the series of articles 
now appearing in this journal on ‘‘ The Origin of 
Motion,” while in our present issue we print another 
letter from a correspondent ‘‘H.L.” Respecting 
the arguments contained in both these letters we 
propose here to have something to say. We 

uite coincide with the logical reasoning of 
the first part of the letter of our last week's cor- 
respondent “G, R, B.” in reference to motion, 
but we would go a step further, and do not think 
that we are logically warranted in looking to a 
beginning to motion at all. Of course in the head- 
ing of our articles on ‘*The Origin of Motion,” 
the term “ origin” is used in the sense of source. 
The writer of the articles has been led to the 
deduction that the ether encloses a vast store of 
concealed motion, from which all motions are de- 
rived. We find that the normal state of matter is 
a state of motion. Motion is as natural as rest. If 
we find, therefore, that the normal state of matter 
is motion, we are no more warranted in supposing 
matter to have been originally at rest and put in 
motion, than if we found the normal state of matter 
to be rest we should be warranted in supposing 





matter to have been originally in motion and bfought |. 


to rest. The principle of the Indestructibilily of 
Motion is one of the main points we are bringing 
forward in these articles. We are aware that in 
accordance with the theory of “action at a distance” 
it is absolutely necessary to assume energy (‘‘poten- 
tial” energy) to have been created originally. This 
creation of energy we hold to be contrary to the 
principle of Conservation (see also Grove, ‘ Correla- 
tion of Physical Forces,” page 67). Accordingly 
this forms one of the many arguments against the 
theory of “ action at a distance.” According to our 
deductions all motions, such as the motions of 
animals, steam engines, the motion of molecules in 
chemical action, the sudden development of motion 
in exploded gunpowder, &c., and which motions 
seem to us to originate, really exist already concealed 
in the ether, i.¢., such effects consist in a trans- 
ference of motion from the ether to matter, the sum 
total of motion always remaining constant and 
motion itself indestructible. 

In re to the theory of “ action at a distance,” 
“G, R, B.” would appear to assume that there 
would be a certain advantage in resorting to it in 
certain cases. Now it is surely important to keep 
in view that that which is in e cannot 
possibly be of assistance in elucidating anything, 
and it may be truly said that the theory of “action 
at a distance” is itself as impenetrably vague as the 
phenomena it is intended to explain, so that if 
physical phenomena could be only accounted for by 
recourse to this theory, then the mode of working 
of poy ee enomena would for ever remain in- 
explicable; indeed, to us it appears clear that to 
ws 


theory to a ph effect is tantamount 
g the mode of action as inexplicable, It 
is a known fact that Newton, the discoverer of the 


law of gravity, so far from applying the theory of 
action Se Gatee to this case, regarded the theory 
as an “‘ absurdity.” 

In reference to the term “ elasticity,” this term is 
evidently a mere convenient phrase, and, there- 
fore, to be perfectly definite we will simply state 
what we assume as re; the term ‘ elasticity.” 
Firstly we are not aware that hitherto there has 
been assumed to be any difficulty in considering that 
two masses or particles of matter can interchan 
motion among themselves without recourse to the 
theory of ‘‘action at a distance.” When two 
(commonly termed) ‘‘ inelastic” masses, such as two 
masses of clay, impinge against each other, there is no 
rebound, for the reason that the motion of the masses 
is imparted to the component molecules of the masses 
(converted into “‘ heat”). If this motion were not im- 
parted to the component molecules of the masses, it 
appears a necessary deduction that the masses would 
rebound, for otherwise the motion would be anni- 
hilated. When therefore two ultimate particles of 
matter of equal mass impinge against each other 
with equal velocities in opposite directions, the 
particles must rebound, for in this case there is 
nothing to which to transfer the motion but the 

articles themselves, and therefore by such trans- 

erence the particles rebound—if not the motion 
would be annihilated. It would be unreasonable to 
expect to arrive all at once at perfectly definite 
ideas regarding the ultimate nature of matter ; we 
can go as far as our own reason will allow, taking 
care not to resort to such a theory as the theory of 
‘‘ action at a distance,” which would only stamp the 
case as inexplicable and hinder further progress. 
Such is the principle it has been our endeavour to 
follow in these articles, viz., to investigate how far 
physical phenomena at present admit of being ex- 
plained by the aid of reason without resort to the 
theory of ‘‘ action at a distance,” It is unquestion- 
able that the knowledge of physical facts is far 
beyond that of physical causes, and a vast accumu- 
lation of facts, the result of experiment through a 
long course of time, remains to be explained and 
generalised by theoretic reasoning. onsidering 
the power which the theory of “ action at a distance” 
has of diverting the mental powers over an almost 
limitless field of speculative hypothesis, and thereby 
retarding advancement in the knowledge of physical 
causation, itis a reasonable deduction that the final 
abandonment of this theory would give a great 
impulse to — in the knowledge of natural 
phenomena, and under the guidance of a purely 
rational system, open out a most productive field 
for advancement in the knowledge of physical 
causation. 

The component particles of the ether being 
normally in motion and continually rebounding 
from each other, thereby exercise an ex ive 
action or pressure, so that the ether forcibly tends 
to recover its equilibrium when disturbed, this 
constituting what we understand by the ‘‘ elasticity” 
of the ether. 

“G, R, B.” uses the term “ vibrate” as applied to 
the normal motion of the particles of the ether or the 
molecules of a Now, of course, it is so far true 
that a particle is probably driven many times back- 
wards and forwards (by its collisions with other 

cles) before it appreciably alters its position, 
ut of course it is understood that the ether particles 
or the molecules of a gas in their translatory motion, 
in accordance with the theory of Joule and Clausius, 
are moving in straight lines in all directions within 
small limits, continually rebounding from each 
other, this motion not being in any way a regular 
or periodic vibratory motion. 

Next in regard to what ‘‘G. R. B.” says about 
gravity ; we are led to infer that this is in principle 

ue, not to currents of ether, but simply to the 
normal ether pressure upon the molecules of masses 
brought into action by the rarefaction of the ether 
below the molecules of the mass due to the waves 
emitted by the molecules of the earth and the mass 
itself, the ‘‘ weight” of a mass being dependent on 
the number of its molecules producing such dis- 
turbance, 

We have now to speak of the letter of our other 
correspondent ‘‘ H. L.,” and in the first place we may 
remark that the intention of our article, No. VI., was 
to deal with the primary cause of the electric spark 
or discharge, or to consider the agent pri y 
emneet in Proguning: the meine liek By 
in ectric discharge e lighti ¥ ; 
and not to notice the pee oe Be 
tendant on the effect. In saying that no one seriously. 





imagined that the effect was due to ‘‘ anything pro- 





ily con- | P 


jected” we alluded to the cause primaril ucin 
the effect. Of course (as ** H. L,” re it is well 
known that minute particles of metal forming the 
terminals are projected across when the spark 
appears, This is, however, a mere secondary effect 
attendant on the electric discharge, and is quite a 
natural consequence of the deduction arrived at that 
the ether is the agent directly concerned in the effect, 
for naturally a violent disturbance of the ether 
which pervades the terminals would detach mole- 
cules or particles from the terminals. No one, how- 
ever, will suppose that the spark (or the effect pro- 
duced by it) consists alone in the projection of 
metallic or other particles. Thisis negatived by the 
simplest considerations. Thus, take the case where 
a mass of rock or masonry is suddenly split into 
fragments by a flash of: lightning. No one will 
seriously imagine for one moment that this is due 
to the projection of water molecules from the 
cloud into the rock, indeed, the absurdity of the 
thing is self-evident ; in fact, no one supposes any- 
thing ;to be projected into the rock. If, there- 
fore, nothing be projected into the rock, it is 
perfectly clear and an absolutely unavoidable de- 
duction, that the splitting of the rock can be solely 
due to the disturbance of something already existing 
in its interior or pervading it (the same considera- 
tions applying to a tree when split into fibres by 
a lightning discharge). Theether, therefore, as the 
one known agent which pervades the rock or tree 
is the sole agent to which the effect can 
possibly be referred, and surely it is well that this 
fundamental conclusion should be practically 
realised, as it is time that a serious attempt should 
be made to account for these remarkable phenomena. 
The air it is true is disturbed by the disturbance of 
the ether which splits the rock, but no one will 
imagine that the air itself and independently splits 
the rock (which is no¢ pervaded by the air.) ‘The 
air plays a secondary part in the phenomena of the 
spark, its molecules are shaken by the wave disturb- 
ance of the ether and have probably a part in the 
light emitted, and it is only natural that a greater 
or less density of air would modify in some way the 
phenomenon of discharge. If any one were to 
imagine for one moment that the air was the agent 
directly concerned in the i a or electric discharge, 
this is at once negatived by the one observed fact 
that the flash appears and disappears with a 
velocity only comparable to that of light, and there- 
fore an agent must be concerned which when dis- 
turbed can recover its equilibrium with the velocity 
of light which the ether alone is known to be 
capable of doing. 

As we before pointed out, the phenomena of 
lightning constitute when analysed the most direct 
and conclusive proof of the power and energy en- 
closed by the otbie (a deduction already arrived at 
on independent grounds), by the disturbance of 
whose equilibrium these forcible mechanical effects 
are produced, and so long as the great qualities of 
the ether (its vast store of concealed motion and in- 
tense pressure) escape recognition, so Jong must 
the remarkable mechanical effects of lightning ex- 
cite wonder and remain inexplicable. 


THE ABBOTTS RIPTON ACCIDENT. 

Tue Board of Trade report on the recent double 
collision on the Great Northern Railway will, it is 
feared, prove somewhat perplexing to railway com- 
panies. Ten distinct causes are named as leading 
up to the occurrence. Chief amongst these are the 
late departure of the coal train from Peterborough : 
the failure to work of the signals at Holme, Wood 
Walton, and Abbotts Ripton ; the absence of tele- 
graph-speaking instruments; the want of con- 
tinuous brakes; and the absence of fogmen to clear 
the snow from the signals, It is further considered 
that the attempt to run express trains with a heavy 
railway traffic through severe snowstorms must be 
attended with serious risk. It is consequently 
recommended that under such circumstances there 
should be a temporary stop of certain trains, 
and the reduction of the s of others. 

It is quite possible that the accident may be 
attributed to any one of the causes named, but it 
might with equal justice be said that if no trains 
at all ran no accident would arise. Certain it is, if 
the cnal train had been to its time, it would in all 
robability have been out of the way of the follow- 
ing train, and so the collision would have been 
avoided. But so long as trains run, so long will 

irregularities in time. On a line heavily 
is impossible, with a due regard to the 
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delays, Passengers. will arrive late, and with all the 
appliances even of a large station it is impossible at 
times, with a rush of people almost at the last 
moment, to stow them and their luggage away in 
time to secure the departure of the train at the 
precise moment indicated by the time bills, Amidst 
all the care and forethought usually practised, 
machinery will at times give out. That trains will 
run late must be looked for and provided against, 
It is one of the consequences of a seen traflie, and 
the only alternative is to make such provision 
against it as the service will admit, In adopting 
the ‘‘block,” the Great Northern Railway has made 
the best provision it could to provide against this ; 
and had it obtained effect on this occasion through 
its exponents —the outdoor signals—Abbotts Ripton 
would never have been chronicled as the seat of 
one of the most serious of recent railway accidents, 

The second cause named—the failure of the 
signals—was practically the cause of the accident 
to the first train; but, as we pointed out in our 
former article (vide page 73 and 111] of the present 
volume), the great loss of life resulted, not from this 
first accident, but from the down express running 
into the débris, and the last occurrence might cer- 
tainly have been avoided had the down train been 
fitted with efficient continuous brakes, We have, 
however, already expressed our views on the brake 
question, and we now propose to speak of the signals, 
Had the signals acted as it was intended they should, 
and as those responsible for their working believed 
they did, all would have been well; and the Jesson 
to be learnt from the occurrence is the improvement 
of the signals so as to secure their due action in all 
weathers and under every change of temperature ; 
or to give the signalman such a check ‘upon them as 
shall secure him against a false impression of their 
faithful response to his action when such is in fact 
not the case. Electric repeaters will no doubt be 
largely employed for this purpose in future. The 
distant signal is the key of the situation; no matter 
whether the line be worked upon the “ time” system 
or whether its traffic be regulated under the ‘‘ block” 
system. It is the outdoor signals which govern 
the movement of the trains, and unless they can be 
relied upon to give a decided daager signal when 
danger exists, they are simply a false security. We 
all know, quite independent of the present illustra- 
tion, that railway signals, although the result of 
many years’ experience, are not infallible. ‘The re- 
placement of the present form by that of any other 
kind, even were it possible to improve upon it, 
would be attended by some difficulty and great cost. 
With a faithful repetition of them, however, to the 
man who has the working of them, the main danger 
ceases ; for if he is made aware of their non-action 
he has means at his command for preventing any 
undesirable result. ‘The remedy, therefore, lies in 
the application of such a record as we have re- 
ferred to. 

As regards the more liberal employment of speak- 
ing telegraphs for signalling purposes there are 
reasons against as well as in favour of it. ‘The 
Clayton Tunnel accident was the result of a mis- 
understanding arising out of the use of a speaking 
telegraph instrument, which was used as a block 
signal instrument, but which being capable also of 
being employed for speaking ‘purposes was thus had 
recourse to, and resulted, as is well known, in an 
accident, It is possible that had a speaking in- 
strument been available on the present occasion the 
result might have been different, but even after the 
accident the signalman at Abbotts Ripton did not 
avail himself very speedily of that in the signal box. 
The employment of continuous brakes is in“every 
sense desirable, and we are entirely with the report 
in advocating their more general’ application. “We 
fail, however, to see our way to endorse the re- 
commendation conveyed in it with reference to the 
temporary stoppage of certain trains ‘and the re- 
duction of speed in others. Railway companies are 
bound to work to their time tables. How then is 
it proposed that this recommendation shall be 
carried out? Is it to be at the cost of various actions 
for unpunctuality, for no train service at all, or is 
it proposed to give railway companies legal power 
In cases of this nature to regulate their traffic sub- 
ject to the weather? Without somé such provision 
it is manifest railway managers must rely upon the 
appliances at their disposal for protecting their 
traffic, and run it-as at present. Aside from this, 
however, we cannot but regard such a proposal as 
fiaight with danger. Manifestly to give it effect, 
a discretionary power must be given to engine 
drivers and others as to the speed at-which the! 


traffic should be conducted, and whilst one may re- 
gard the. conditions of the weather such as to: call 
for a slow rate of speed, another may entertain no 
such opinion and proceed at the authorised ordinary 
pace, We cannot but think there lies in this more 
danger than if the regular speed were maintained 
throughout. As to the fogmen, we regard it as im. 
possible, under all circumstances, to insure: their 
presence the moment a storm of the nature which 
accompanied the Abbotts Ripton accident oceurs, 
Some moments, at all events, must elapse ere they 
can reach their posts, and during these moments 
the mischief may be done. 


same conclusion as ourselves, ‘That the unfortu- 
nate occurrence referred to was primarily the result 
of the inaction of the signals, arising out of one of 
the most severe snowstorms ever experienced, and 
that it only remains to adopt the best known to pro. 
vide against a recurrence of such disablements. 





THE RADIOMETER, 

CurrENT literature, the faithful reflex of popular 
opinion, proves that the general interest, in Mr, 
Crookes’s remarkable discoveries concerning re- 
eee by radiation and the mechanical action of 
ight continues unabated, notwithstanding the 
unusual degree of publicity accorded the successive 
researches of the discoverer, and the large number of 
recruits which have been thereby attracted to aid 
in the subjugation of the new territory and report 
to the less interested bystanders what they have 
seen. Thus in the last issue of the Quarierly 
Journal of Science, will be found a report in 
extenso, with illustrations, of the lecture ,delivered 
by Mr. Crookes at the Royal Institution, already 
briefly summarised by us under the heading of 
‘s Weighing a Beam of Light.” In Fraser's 
Magazine, also, there is an appreciative article on 
Mr. Crookes’s discoveries, written in a fairly com- 
prehensive and scientific. though essentially popular 
manner. Indeed almost. every periodical addressed 
to cultivated readers has had something to say 
upon the subject at one time or another; and this is 
true of France, Germany, and the States, no’ less 
than of our own country. 

It is not often that any discovery gives rise to a 
mass of criticism so large and varied in character 
as in the present instance. In the hands of a 
philosopher such as Herbert Spencer these criti- 
cisms would afford fine illustrations of different 
kinds of bias, and of the errors resulting from 
each. Mr, Crookes in the hands of his critics is 
somewhat similarly placed to the member elect in 
some borough where party feeling runs high. His 
‘‘ friends’ would push him ahead faster than he 
is prepared to go, whilst the ‘‘ other side” would 
metaphorically ‘‘ bonnet” him and hustle him out 
of sight with as little ceremony. According to the 
Atheneum, Professor Osborne Reynolds in a recent 
lecture, not merely ignored Mr, Crookes’s labours, 
but rechristened the radiometer ‘‘ Geissler’s Light 
mill,” though the latter is in fact nothing buta 
Crookes’s radiometer manufactured by Geissler of 
Berne. On the other hand some of Mr. Crookes’s 
friends write as if before his researches nothing 
whatever was known of the influence of radiation 
on delicately suspended bodies, and so lay the one 
they would befriend. open to the charge. of 
ignorance or suppressio veri, though his first paper, 
read before the Hoyal Society, is prefaced by a most 
scrupulously detailed list of his predecessors’ re- 
searches in the same field, and a full acknowledg- 
ment of his obligations where such were due, 
Again, many of his well-wishers reason as if it 
were a matter of life and death to Mr, Crookes’s 
fame to maintain that the phenomena discovered 
by him are due to /igh¢ alone, and that all cause for 
wonder would cease if it were admitted that heas 
had anything to say to them. We noticed how 
very careful Mr. Crookes was to avoid committing 
himself to any theory when lecturing at the Royal 
Institution, and fully appreciating the intention 
and importance of this reserve, we sound epace even 
in our brief notice of the lecture,:to r the fact 
that Mr, Crookes styled the force neither light not 
heat, but a ‘‘ function of the refrangibility.”,. . His 
views on this point are very clearly set forth in the 
Journal of Science, , 
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thermometer, and of doing other , which are con- 
Sawer A classed among the effects 3 the centre part 
affects the eye, and is t ore called light; whilst tle part 


at the other end of the spectrum has the greatest in 
enn rpg action: But it must not, be Forgohen 

any ray of the s from whatever is 
eaeee, will, produce ‘ 


~~ 


these physical actions in more or 
degree. A ray in the orange, for instance, if concen- 
trated on the bulb of a thermometer, will cause the mercury 
to dilate, and thus show the presence of heat; if concen- 
trated on my hand I feel warmth; if I throw it on the 
iF £ throw if upon b seasitive piatopsankie nites call eee" 
w it upon a sensitive wi - 
duce chemical action ; and if pn hd 
it will produce motion. What, then, am I to call this ray? 
Is it light, heat, electricity, chemical action, or motion? 
is neither, All these actions are inseparable attributes 
of the ray of that particular wave-length, and are not 
evidences of separate identities. I can no more split that 
ray up into five or six different rays, each having di 
properties, than I can split up the element iron, for instance, 


into other elements, one possessing the specifi of 
iron, another ita magnetic properti pe 


8 ce vr 
saguetin erties, a third its chemical 
properties, a fourth its condu power for heat, and so 
on. A ray of light of a definite refrangibility is one and 
indivisible, and these different properties of. the ray are 
mere functions of that ibility. There is ae ay 
difference between heat and light ; so to avoid eo on, I 
call the total bundle of rays, which come from.a candle or 
the sun, radiation. 

Perhaps fully one-half of the voluminous. corre- 
spondence on Mr, Crookes’s discoveries would never 
have seen the light if the writers had been possessed 
of that small modicum of modesty or self-mistrust 
necessary to make them doubt whether their own 
intellectual calibre was such that they knew more cf 
the subject by intuition than another man, a gold 
medallist of the Royal Society, did after many 
months’ laborious and indisputably skilled research. 
Had they asked themselves that question, the public 
would have been spared many folios of turgid 
truisms, and themselves the shame of advancing 
theories which had been disproved by experiment 
perhaps years before. A week or two ago a letter, 
written evidently in the highest possible spirits, 
appeared in the columns of a contemporary, 
announciog that interesting and important as Mr. 
Crookes’s researches were, his alleged discovery of 
the mechanical action of light had been anticipated 
by some forty years. We need hardly remark that if 
the writer of the letter had read Mr. Crookes’s résumé 
of previous investigations, he would have found the 
experiment referred to duly recorded, though it 
affects as little the question of priority as Puck's 
offer to ‘‘ put a ge round about the earth in forty 
minutes” does the originality of the modern system 
of laying submarine telegraph cables, 

So long as poor human nature remains what it is 
and what it ever has been, itis hopeless to expect 
that discussions on a. new discovery will be con- 
ducted without animus and upon merits alone. 
Lord Brougham, writing in the Zdinburgh Review, 
likened Dr. Young’s hypothesis of the undulatory 
theory of light to ‘the unmanly and unfruitful 
pleasure of a boyish prurient imagination, or the 

tification of a corrupted and depraved Beenie. 
Public opinion no longer admits of such unbridled 
license in criticism as this, but that the snake though 
scotched retains his venom fangs, the tone of some 
criticisms of Mr, Crookes’s labours clearly proves, 
Some allowance should undoubtedly be made for 
disappointed physicists. As remarked in Fraser’s 
Magazine, ‘‘ The general surprise was not lessened 
by the fact that the announcement of this mechanical 
action of light, came from an unexpected quarter ; 
for although Mr. Crookes, as the discoverer of 
thallium and as an original investigator, was well 
known even outside scientific circles, the public at ~ 
large would have rather looked for an aunounce- 
ment of this character from one of the more popelse 
exponents of science whom they had delighted to 
honour.” | Professor Huxley’ has likened the pro- 
gress of science to that of a nail in the wheel of a 
coach, since to one sitting on the coach, and regard- 
ing the nail alone, the movement appears at times 
to be retrograde in character, although to one 
standing afar off each ‘part undoubtedly shares in 
the general progress of the whole. We may pre 
the simile, and remark that it is not the big wheels 
which lead and guide the coach. Some of our most 
popular scientific men have to be content with the 
part of the big wheels, for to quote Dryden, 


like the hindmost chariot wheels are cursed, 
Still to be near, but ne’er to be the first. 


It is nevertheless somewhat unjust to Mr. Crookes 
to regard his researches in a eaptious and unfriendly 
spirit, merely because he happens to be an original 
and successful investigator, = Pp At a 
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“ CHEAP RAILWAYS.” 
WE print on another page a letter from Mr. J. A. 


Longri in which he takes exception to some 
comments we recently made upon a pamphlet of 
his entitled ‘‘ Chea ilways for the Colonies.” 


We willingly publish Mr. Longridge’s letter, but we 
regret to say that he has in no way answered the 
objections we raised to the design of the engine 
described in his phlet. In the fourth paragraph 
of his letter he states that we are “entirely 
wrong” in the remarks which he quotes, and he 

oes on to add that “there is no rigid connexion 
Sova the boiler and the central bogie,” and that 
‘an attentive consideration of his drawings at the end 
of his phlet will indicate the arrangement.” 
As the best reply to these observations we repro- 
duce from Mr. Longridge’s pamphlet the view 
showing a cross section of his engine at the central 
bogie. From this view it will be seen that the 
boiler is connected to the cylinders by short rigid 
steam pipes, and that the cylinders are rigidly con- 
nected to the bogie frame. How in the face of 
these facts Mr. Longridge can state that the boiler 
‘can rise or fall vertically quite independent ” of 
the bogie, we cannot understand, As the whole 
action of the compensating beams depends upon 
the boiler being able to rise and fall independently 


of the bogie, our remarks were, we consider, fully 
justified. 
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Mr. Longridge also objects to our statement that 
‘‘the action of the gearing between the bogies 
materially affects the distribution of weights,” but 
he does not explain his objection. Now the gear- 
ing which Mr. Lanasiies employs to communicate 
power from one bogie to another has a diameter of 
about 1% that of the bogie wheels, and thus the 
pressure between the teeth of each pair of geared 
wheels will amount to at least 1.55 times the pull 
exerted by the bogie to which they communicate 
motion. If Mr. Longridge will satisfactorily ex- 
plain how this pressure between the wheel teeth 
can exist without modifying the load upon the 
axles which carry the wheels, we will at once with- 
draw our objections. We think, however, that he 
will find it difficult to do this. 

The remainder of Mr. Longridge’s letter scarcely 
requires a reply. Every railway engineer knows 
that the gauge of a line is sometimes ‘* eased” or 
e on curves, but to say that a 4 ft. 8} in. 
genge ine “is laid to 4 ft. 8gin. to 4ft, 9 in.” is 

idedly wrong, and does not afford any excuse 
for calling a metre 3 ft.3gin, As the 


value which Mr, Longridge gives for the metre we 





may remind him that it only differs by ,}, in. from 
3 ft.3$in. As regards Mr. Longridge’s remarks 
on the Fairlie system we can only say that we 
quite differ from his conclusions. Supposing that 
a Fairlie engine carried on eight pairs of wheels 
was required—a contingency which we scarcely 
anticipate—the length of rigid wheel base could be 
readily kept down. In conclusion we may repeat 
that we were not in error when we stated that Mr. 
Longridge’s proposed engine was inferior in power 
to the Fairlie engines at work on the Iquique and 
Mexican railways. What we stated was that Mr. 
Longridge’s engine had greater cylinder power than 
the Fairlie locomotives referred to, but that it had 
not adhesion sufficient to utilise this power. The 
Fairlie engines in question can utilise all their 
adhesion, and as they ayerage about 56 tons in 
working order (all of which weight is available for 
adhesion) against the 48 tons of Mr. Longridge’s 
engine, they are of course considerably more 
powerful than the latter. 


THE IRON AND STEEL INSTITUTE. 

WE last week gave an account of the proceedings 
of the Iron and Steel Institute up to the evening of 
Wednesday week—the second day of the meeting. 
We now resume our narrative. Upon the members 
reassembling on Thursday morning, Mr. Menelaus, 
the President, in the chair, the first paper read was by 
M. F. Gautier of Paris, on the uses of ferro-man- 
ganese. As this interesting paper was printed in 
ewtenso in our issue for last week, we need only here 
refer generally to its contents. In it the author 
first points out that manganese is the active agent 
of spiegel, the latter being a compound of iron, 
manganese, and carbon. He mentions Mr. Bessemer 
as the first to discover the value of ferro-manganese 
in producing soft steel and to apply it in practice. 
He also observes that Mr. Bessemer introduced it 
to Mr. Henderson of Glasgow, and that that gentle- 
man undertook its commercial production. It, how- 
ever, was discontinued after a time, and eventually 
the Terre-Noire Steel Works Company purchased 
the patent right. That company perfected the pro- 
cess of its manufacture and applied it to steel mak- 
ing in their own works, achieving some remarkable 
results in their steel by its use. The practice is to 
add 2 per cent. of ferro-manganese to the steel, 
which is equal to 1 per cent. of manganese. This 
gives a steel which possesses a lower breaking strain 
than steel made with spiegel, than which, however, 
it is much more ductile. The results of a number 
of interesting experiments are given in the paper, 
from which it appears that the limit of elasticity in 
spiegel steel is 22 tons per square inch, the breaking 
strain 38 tons, and the elongation measured over 
8 in. is 8 per cent, In ferro-manganese steel the 
limit of elasticity falls to 16 tons and the breaking 
strain to 28 tons, but the elongation rises to 25 per 
cent, The author points out the advantages of this 
ductility and observes that Mr. Webb is using ferro- 
manganese steel largely at Crewe in his locomotives, 
whilst both the English and French Governments 
ans this soft steel in their shipbuilding 


yards. 
At the close of the paper Mr. Bessemer detailed 
his experiences in working out the question of the 
manufacture and use of ferro-manganese in the 
early stages of his process, and of his introduction 
of the question of its commercial manufacture to 
Mr, Henderson. He also referred to Mr. Heath’s 
unfortunate adventures with manganese. Mr. 
Heath, as many of our readers will remember, 
reduced the oxide of manganese to the metallic 
condition, and successfully applied it to the im- 
provement of steel in its manufacture. For some 
time Mr. Heath drove a good trade in selling his 
little packets of mystery to the Sheffield steel- 
makers. They were made happy, and he was con- 
tented. But the time came when the Sheffield men 
found out Mr. Heath’s secret, and would buy no 
more of his little packets, but openly used the 
metal, resisted him successfully at law, even to his 
utter ruin. Not avery kind thing, said Mr. Bes- 
semer, for the Sheffield steelmakers to do to one 
who had been their benefactor, inasmuch as he 
enabled them to make inferior brands of iron into 
good steel. Mr. Henderson followed Mr. Bessemer 
with some remarks upon the difficulties he encoun- 
tered in the early stages of the manufacture of ferro- 
manganese, one great drawback being the high tem- 
tures required, which brought down hisfurnaces., 

e overcame that difficulty in the bottoms by 











using carbon blocks, He that revolving 
puddling furnaces should be lined with that mate- 


rial, which he thought would ve advan us, 
If carbon blocks 3 in. or 4 in. thick were laid next 
the casing and fitted up, hejthought*they;would be 
found to stand well. 

Mr. G. W. Maynard gave his experiences of a 
visit to the Terre-Noire Steel Works, where he took 
careful notes of two charges. He bore testimony 
to the excellent quality of the ferro-manganese 
steel at Terre-Noire, and placed a number of facts 
before the meeting connected with the manufacture 
of that metal. The stock used at Terre-Noire was 
Solinsora white pepe made from Elba ores ; 
Bessemer grey pig made from Mokta, Elba, and 
Spanish ores; Bessemer scrap, said to contain from 
.15 to .20 per cent. of silicon and .05 per cent. of phos- 
phorus; iron rails from Belgium, marked ‘‘T. H. Y. Le 
Chateau,” and said to contain 0.5 per cent. of phos- 
phorus, One charge noted by Mr. Maynard on the 
2ist July, regular work, consisted of 500 kilos. of 
Solinsora and 500 kilos, of Bessemer pig; 1300 
kilos. of steel scrap; 1500 kilos. of iron rails; 
1300 kilos. of Bessemer and Martin rails ; 300 kilos. 
of old iron-plate, and 255 kilos. of ferro-manganese ; 
equal to 33 per cent. of old iron rails. e rails 
produced were of the Vignoles section, and weighed 
60 lbs. per yard. In testing under the hydraulic 
press with 1.10 metres bearings, with the flange 
uppermost, the rail broke at 43,000 kilos., and with 
the head uppermost at 44,000 kilos. Under the 
et test, 300 kilos. dropped through 4 metres 
broke the rail; with the same weight at 4.5 metres 
the rail was not broken, but on increasing the 
height to 4.8 metres, a rail was broken. In the 
special charge for extra phosphorus steel, 1600 kilos. 
of Solinsora pig, 3600 kilos, of Alais iron rails, 800 
kilos, of steel rails, and 174 kilos. of ferro-manganese 
were used ; the old rails being equal to 60 per cent. 
In the hydraulic press, under the same conditions 
as before, the rail broke at 38,000 kilos., while with 
the drop test the rail broke with 300 kilos. falling 
through 3 metres. 

Mr. E. Riley testified to the value of ferro- 
manganese in improving steel in certain respects, 
and in producing soft qualities. Mr. Barker ob- 
served that in applying ferro-manganese for tool steel 
no good results followed; the only point gained 
was ductility, which was of no use for cutting tools, 
the ferro-manganese only cut the pots. Mr. Snelus 
added his testimony to the value of ferro-manganese 
in obtaining ductile steel which he considered should 
only be used for plates, and not be made into rails. 
One per cent. of ferro-manganese put into the 
ladle would make the metal work as easily as copper. 
He was making steel which stood 29 tons per square 
inch with 35 per cent. of extension before breaking. 
For ordinary pu spiegeleisen would be sufli- 
cient, but for extra soft steel ferro-manganese must 
be used, 

The discussion — as discussions generally do — 
diverged widely from the point at times, now 
chemically, now mechanically, but much interesting 
information was brought forward. The question of 
the short life steel rails of the present day had, as 
compared with that possessed by those of the early 
times of their manufacture, was adverted to by Mr. 
I. Lowthian Bell, M.P. He instanced some steel 
rails which were laid on the North-Eastern Railway 
in 1862, and which stood the heaviest traffic on the 
line without renewal until 1874, whereas steel rails 
laid down six years ago under lighter traffic had 
already been renewed. Mr. Snelus observed that 
the reason of the apparent deterioration was that 
there was less carbon put into rails now than there 
was formerly. Carbon made the steel hard, and in 
consequence of that fractures had occurred. ‘That 
alarmed railway engineers, and they would have 
softer rails, which, of course, were less durable. In 
adjourning what had already been a long and an 
in i i ion, Mr. Menelaus observed that 
deterioration of steel rails was dueto the requirements 
of engineers only, They would receive much more 
satisfaction in the matter of rails if they would 
allow railmakers to use their own judgment 4 
little more, If they would be more moderate in 
their requirements than to insist on a rail standing 
1 ton falling 30 ft. with 3 ft. bearings, and would— 
within certain limits—accept what the railmakers 
would supply, they would get hardness combined 
with durabilie in a rail well within the limits of 
safety. The President thanked M. Gautier for his 
paper, and adjourned the discussion to the following 

y- 


A descriptive of the Ferroux rock drill, 





by ME W. Pendred, was then read. This paper 
we print in extenso on page 272 of the present 














Aprit 7, 1876.] 





ENGINEERING: 


283 





number, and we need not, therefore, recapitulate 
it here. There was no discussion upon this paper, 
the author receiving a vote of thanks for it. 

The next paper was one by Mr. John Pattinson, 
and was descriptive of the results of certain car- 
bonaceous and other deposits which were met within 
some blast furnaces in Cleveland. This paper was 
one of very considerable interest and we published 
a portion of it on page 262 of our last week’s 
number, while the remainder appears on page 275 
of our presentissue. After ashort discussion mainly 
upon’the chemical features involved in the formation 
of the carbonaceous deposits, in which Mr. Bell, Mr. 
A. E. Cowper, Mr. Whitwell, and Mr, Pattinson 
took part, the proceedings terminated for the day. 

On Friday morning proceedings were commenced 
by M. Gautier replying in detail, chiefly upon the 
chemical points raised in the discussion upon hi 
paper. The discussion upon Mr, Pattinson’s paper 
was then resumed, and Mr. Snelus referred to a case 
at his works, where a furnace had only been in blast 
six months when it took fire. Some of the uncon- 
sumed bricks were found to be black, soft, and dis- 
integrated similar to those in Mr. Pattinson’s case. 
He had been at a loss to account for the occurrence. 
but by the light of Mr. Pattinson’s paper there could 
be no doubt that it was due to precisely the same 
cause. Mr. Crawshay, Jun., suggested that furnaces 
should be started in such a manner as to puta 
glaze on the lining which would protect it. Mr. 
Bell concurred in the suggestion, but Mr. C. Wood 
observed that it would be very injudicious to carry 
the fusing point as high in the furnace as the for- 
mation of a glaze throughout required. Mr, Pat- 
tinson having replied, received a vote of thanks for 
his paper, which the President observed was as 
useful as it was interesting. 

Mr. E. Fisher Smith then read a paper—which 
we printed iz extenso on page 255 of our last number 
—on the Casson-Dormoy puddling furnace, several 
of which have been in use at the Round Oak Works 
for about four years with confirmed success, For 
details of the furnace and its performance we refer 
to Mr. Smith’s paper. 

Mr. Scattergood, of the Patent Nut and Bolt 
Company, Birmingham, in a speech replete with 
humour and practical sense detailed the results of a 
long day’s working at Round Oak. He went there 
for the purpose of fairly testing the process, taking 
his own pigs, his own fuel, and seven picked hands 
as watchers, Lord Dudley’s men doing the work, 
whilst Mr. Scattergood, charged to the brim with 
suspicion, hovered about, now feigning sleep on a 
heap of coals, and now apparently indifferent to 
everything but the state of the weather or of the 
iron market, but all the while taking copious notes 
which he managed to transfer, together with the 
constant reports of his spies, to his notebook, He 
used inferior brands of iron and New Mine quality 
of coal, and got six good heats off during the day. 
The first three heats were as follows—long weight 


being used : 
Heat. Charge. Drawn Waste. 
No. ewt. q- lb. — ewt. q. Ib. per cent 
1 10 0 20 9 016 10.10 
2 10 0 22 910 11.53 
3 10 1 1 10 0 4 2.19 


Average waste 7.94 per cent. 


The remaining heats (short weight) were as fol- 
Ow : 


Heat. Charge. Drawn Waste 
No. cwt. q. lb. cwt.q. Ib. _per cent 
4 9 3 27 9 0 24 7.77 
5 9 3 24 9 025 7.43 
6 10 0 0 919 6.69 


Average waste 7.30 per cent. 

The quality of the iron produced was much the 
same as that obtained by the ordinary puddling 
furnace from ordinary pig, and the waste was about 
the same, but the fuel used wasas against 30 cwt. 
per ton as in the South Staffordshire district, giving 
asaving of 40 per cent. on the day’s work. In 
fettling he Pall saving of more than 50 per cent., 
the ordinary practice in South Staffordshire being 
8 cwt. and at Round Oak, with the Casson-Dormoy 
furnace 3} cwt. Three men did the work of five as 
in ordinary, and did it without heavy labour. As re- 
garded time the pigs were on the average 33 minutes 
in the dandy and oceupied 34 minutes in melting ; the 
mechanical rabbles worked 38 minutes until the iron 
dropped, the balling averaged 30 minutes per heat, and 
the fettling 15 minutes, so that exclusive of the dandy 
the time was 1 hour 57 minutes per heat. The moral 
of the whole was a saving of 40 per cent in coal, 





50 percent. in fettling, a saving in wages and stores, 
and a saving in labour which was comparatively easy 
instead of being exhaustive. That enabled better 
prices to be paid to the puddlers, and the effect was 
to draw a better class of men to the work. 

Mr. I. Lowthian Bell spoke of the value of the 
invertion—or of any system of mechanical puddling 
—in ameliorating the condition of the puddler, 
whilst it would insure the advantages of greater 
regularity in work with constancy in the quality of 
the iron produced. Mr. W. Price rather questioned 
the economy of fuel by the light of his experience in 
his ordinary practice. Mr. T. R, Crampton ap- 
proved of the screens which were placed outside 
the furnaces, and which protected the puddlers con- 
siderably in their work. He, however, observed 
that his revolving furnace was entirely encased with 


his | flowing water, so that there was no radiation of 


heat whatever. He thought, however, that although 
the under hands had light work yet the fore hands 
had no easy berth in balling up in the Casson- 
Dormoy, or in fact in any fixed horizontal furnaces, 
a proposition to which Mr, Scattergood assented. 
Mr. Whitham, of Leeds, mentioned some excellent 
results he was obtaining from Price’s furnace with 
great economy both in coal and fettling. Dr. 
Siemens observed that economy in time and fuel 
depended upon the constituents of the iron, some 
irons taking longer than others in coming to nature, 
He had tried a similar cooling arrangement to the 
water bed in the Casson-Dormoy furnace, but had 
to give it up, as the vapour of the water found its 
way into the puddling chamber. Mr. Farnham 
bore testimony to the good results with the Casson- 
Dormoy system atthe Kirkstall Forge Works, and 
Mr. Whitwell also added his testimony to the value 
of the system. Mr. Smith in reply, disposed of the 
few points which had been advanced against the 
system, by a reference to practical results, and 
received a vote of thanks for his paper, which had 
evoked an exceptionally interesting discussion. 

As the hour for closing the meeting was advanc- 
ing, a paper on overcoming steep ients on 
railways, by Mr. H, Handyside, was taken as read, 
but the author was requested to explain his inven- 
tion to the meeting, which he did by the aid of a 
working-model. Mr. Handyside has hit upon the 
somewhat singular idea of converting his loco- 
motive into a stationary hauling engine when re- 
quired. He would have it draw a train to the foot 
of an incline, up which it could not proceed with its 
load. The engine is then uncoupled, a wire-rope 
hooked on to the train, and the engine started on 
its fearful ascent. As the engine proceeds, the rope 
is unwound from a drum attached to it and con- 
nected with winding gear. Arrived at the summit 
of the gradient, or if that be longer than the rope, 
then at the end of its tether, a pair of gripping 
struts are protruded—a pair of bird’s legs with 
claws, in fact—and grasp the rail. The engine 
commences winding, the train is hauled up, to be 
coupled up and drawn by the locomotive if the in- 
cline has Seen mounted, or to be braked, and the 

rocess repeated if otherwise. But this is not all. 
n descending steep grades, the gripping struts are 
to be used as brakes to retard the velocity. Nothing 
was said by Mr. Handyside as to the comparative 
uselessness of his brake near stations and at junc- 
tions, although in his paper he does admit that the 
brake must be taken off whilst passing over points 
and crossings, The suspension of brake power, 
however, Mr. Handyside considers to be of no 
moment whatever, his only difficulty was to obtain 
an arrangement for taking off the power quickly, 
and with which some one has paha R him, It may 
be as well to observe that no one made any audible 
observations upon Mr. Handyside’s invention, al- 
though for the sake of the inventor this was, 
rhaps, to be regretted. During the experiments, 
owever, the President did express a hope that the 
inventor would not allow his model—which was 
laden with five half-hundredweights—to “ run 


wild,” Models, however, are generally very tract- 
able thin The usual vote of thanks was passed 
to Mr, Handyside for his paper. Another paper, 


which had to be taken as read, but which will be 
discussed at the next meeting, was one by Mr. F. 
Nordenfelt, describing the iron-ore deposits at 
Naeverhangen, in Norway. This paper we print 
on page 276 of the present number. Another 
paper, one by Mr. Dove, on the North Lincolnshire 
n District, was postponed to the next meeting. 
The concluding paper was by Mr. Michael Scott, 
and was descriptive of an improved casting arrange- 
ment for the Siemens-Martin process. r 





enumerating the objections to the ordinary methods 
of casting steel ingots, Mr. Scott described his 
arrangement. -This consists of a series of eight 
ingot moulds arranged on a base plate around a 
central git, which communicates at the bottom by 
runners with the moulds, which are filled on the 
ascensional principle. The ingots are made shorter 
or longer as required by means of a deeper or 
shallower five-brick lump, which is placed in the 
bottom of the mould, ond through an aperture in 
which the metal is led. The moulds are divided 
vertically, and are held together by elastic iron hoops, 
The platform supporting the moulds and git is tra- 
versed on rails in the casting pit. The apparatus 
does not involve any alteration in ordinary casting 
pits, but it supersedes the use of ladles, and in- 
cludes several advantages, Dr. Siemens observed 
that in ordinary pee considerable difficulty was 
experienced in obtaining regularity in the size of 
the ingot, a point which was of consequence. Mr. 
Scott’s method had as yet been only Baye tried, 
but so far with very good results, . Snelus was 
of opinion that if Mr. Scott’s method of regulating 
the length and consequently the weight of the ingot 
rng successful it would be a great step in advance. 

. Nordenfelt stated that a process similar to Mr, 
Scott’s had been tried in Sweden two years ago and 
had failed. With hard steel the top of the risin 
ingot solidified and choked the flow of the metal, 
whilst with soft steel the git and runners were 
stopped up. Mr. Scott thought there was a consider- 
able difference between his system and that described 
by Mr. Nordenfelt. At any rate, so far as he had 
gone he had experienced none of the drawbacks 
alluded to by . Nordenfelt. The President 
observed that the arrangement contained the elements 
of success, and a vote of thanks was passed to Mr 
Scott for his paper. 

On the motion of the President, a cordial 
vote of thanks was accorded to the President 
and Council of the Institution of Civil Engineers 
for so kindly ing the use of their rooms 
for the meeting. Mr. B. Samuelson, M.P., then 
asked the meeting to give their President, Mr. 
Menelaus, a hearty vote of thanks, to which the 
meeting responded most warmly. The President 
expressed the gratification it afforded him to have 
presided over so successful a meeting, and with this 
the proceedings were brought to a close, The 
autumn meeting of the Institute is to be held at 
Leeds in September next. 


THE PATENT OFFICE, 

Mr. Woopcrort has now finally relinquished his position 
at the Patent Office, and, to the surprise of many, his 
duties have been transferred to Mr. Lack, formerly of the 
Board of Trade, but since January last Registrar of Trade 
Marks. It might have been supposed that the new head 
of the Patent Office would have been a man who was, at 
all events, known to the inventive world either by legal or 
scientific attainments. This, however, was not to be, and 
we have a gentleman appointed who probably knows very 
little about patents and inventors, but who nevertheless 
brings with him from the Board of Trade a high reputation 
as a good solid man of business. Although we cannot re- 
gard the new appointment with anything like enthusiasm, 
we are profoundly grateful to the Lord Chancellor for 
having saved us from the briefless and therefore discontented 
‘barrister of seven years’ standing,” on the one hand, and 
from the quasi-scientific military martinet on the other. 
On the assumption that these persons were the very em- 
bodiment of law and science, as the case might be, they 
have received far too large a share of public patronage. 
Mr. Woodcroft was a person of strikingly original and 
liberal views, and inventors owe him much—very much; 
but he did not possess in any great degree the administra- 
tive skill necessary to carry out those views. In that he 
has been aided by an able staff of assistants, and, indeed, 
those whose business took them frequently to the Patent 
Office must have noticed that, of late years especially, the 
work of the office has been almost entirely carried on by 
hardworking but unknown and, to a t extent, un- 
recognised subordinates. We do not doubt but that the 
accumulated experience of these gentlemen will be found 
most valuable by the new chief when he commences to 
effect those reforms which have been so long and so loudly 
called for. What they are we do not new specify, as Mr. 
Lack will probably discover them for himself when he has 
_ - and opportunity to make himself master of the 

tuation. 











OMNIBUSES IN Paris.—The receipts from all 
sources last year of the Paris Company were 
975,8561. The general expenses of the year were 899,5021., 
so that the net profits for the year were 76,3541. 


Forzricgn Mrntna.—The profits of the Theelya Mines 
Company in 1875 amounted fo 62,0001. The profits of the 
Mo “Hadid (Algeria) Mines attained the 
stil] more important aggregate last year of 111,5601. 
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ON CIRCULAR IRONCLADS.* 


By E. E. Gounazrr, F.R.8.N.A., Lieutenant of Naval 
Architects, Imperial Russian Ha 
In venturing to address this distinguis! ‘essional 
meeting, I am quite conscious of my own inability to deal 
with this subject in a manner which its im) es, 
especially after the excellent lecture delivered by Mr. E. J. 
Reed, C.B., M.P., in the Royal United Service Institution, 
and after what has been written by him previously to the 
~* - I deeply —— that these 
t meetings pass over wi t regis‘ering 
the birth, or acknowledging the de t the ex- 
istence at sea, of such typical new vessels as the Popoffkas, 
or the cireular ironclads of Russia ; and itis only for this 
reason that I have with pleasure accepted the proposal to 
— a paper for these meetings. 

_ twas in the beginning of the year 1869, that the idea of 
cireular ships, such as they are, or very little differing from 
what en one at present, was conceived by the distinguished 
Admira! Popoff, of the Russian navy, and, haying had the 
honour of working under him at the time, I can bear witness 
to the .considerations which induced him to choose such 
cireular form for the ships, which ultimately have become 
known by hisname. It was chosen after many years of ex- 
perience and study of the behaviour of the ordinary 
ships at sea ; after the careful study of the development of 
ironclad construction, to which few persons have paid so 
much attention as Admiral Popoff did, and it has been 
chosen principally in consequence of the very important 
results obtained in this country by Mr. Reed, with his well- 
known broad and short ships, which superseded the narrow 
and long ironclads of early date. Admiral Popoff argued 
that results of still greater advantage would be insured if 
Mr. Reed's principle of broadening and shortening ships 
were followed still further, and, therefore, it is to this 
principle, which has been fully appreciated and mastered by 
Admiral Popoff, that the circular ironclads owe their 
existence. It is the continual consideration and analysis of 
the results acquired with such ships as the Pallas, Belle- 
— Hercules, and others, that induced Admiral Popoff 
to broaden all the mae his own design, and to decide as 
early as in the year 1868, the breadth of his ship, Peter the 
Great, ary nay in — = supply her with the poy 
earry m guns 16-in. armour, unp ented unti 
then. tel , with ~ same ao view, the admiral has 
P plans for broadening the existing narrow and 
ekiestenel ships, built during the earlier period of the 
ironclad era, by cutting them longitudinally along the plane 
of keel, separating the two halves, and inserting between 
them a new portion of the ott thus enabling, with a 
very small additional weight of ull, to get very great ad- 
ditional displacement for carrying guns of the imcreased 
size, and additional layer or layers of armour. These plans 
were exhaustively discussed by Admiral Popoff with Mr. 
Reed, and when the reconstruction of old ironclads into 
powerful with modern ones, would be found 
necessary, Mr. Reed will be able to bring these plans 
forward, and apply them to practice better than anybody 
else. My object in mentioning this here is tu give additional 
proof that circular ship construction, as well as much of 


Times on the sui 


ships eq 


the Admiral Popoff’s other labours, were based mainly upon | po 


Mr. Reed's principle of broadening and shortening ships, 
and that the circular form is the development of that 
principle to the extreme limit. 

One of the most important conditions for the defence of 
the Black Sea coasts limited the draught of the vessels to 
about 13 ft. The only then existing type of vessels which 
fulfilled this condition was that of unarmoured gunboats, 
since any armoured ship, if built of ordinary form, and if 
designed to carry heavy guns and thick armour, required 
much greater immersion. Unarmoured gunboats, however, 
were not considered efficient, because a single shot from an 
insignificant gun is sufficient to penetrate their sides and 
sink them with all hands on board. Therefore an entirely 
new Class of vessels was requisite to admit the heavy guns 
and efficient armour protection, combined with the very 
small draught of water. To. satisfy those conditions, no 
type of vessels could have been better adopted than the 
cireular, because no hull of apy other form and of the same 
weight could have enclosed so great a displacement upon the 
same dranght of water. 

The of the navy, His Imperial Highness the Grand 
Duke Constantine, with his usual wisdom, appreciated the 
value of such considerations, ano accordingly two circular 
ships of 96 ft. in diameter, and 12 ft. 6 in. draught, were 
ordered to be built. The displacement which such small di- 
mensions gave, yet has ena’ them to carry two 28-ton 
guns mounted in a turret, protected, as well as the sides at 
the water-line, by armour equivalent to 11 in. in thickness. 
They were meant strictly for the coast defence purposes, 
and, therefore, no great speed was required from them. 
They have open turrets, because being intended for the 
defence of certain narrow straits and entrances they can, 
when in action, occupy positions behind some defensive pro- 
tection, such as subm torpedoes ; when attacked 
can choose their own distance from the» enemy, 
themselves always beyond the reach of rifle-fire. 


’ 


lacing 
pre- 


cision of pang from so mounted, and other reasons, 
have settled pe Bn of open turrets on board these 
circular ships 


The form of these vessels is sufficiently illustrated by the 


diagrams, and the model, which by the kind permission of | : 
Service Insti ; 


the United I am to bring before 
your notice. The curvature of ilge being the arc of a 
circle and the bottom—flat. During constraction, the 
the first com , the Ni rod, were 
ow. outside iron skin and the 
armour with wood and and this has brought 


thé ship to Uhaep which are given ts 





* Paper read before the Institution of Naval Architects. 





























ENGINEERING. 
Ss ‘Novgorod. Popoff. 
ft. in. ft. in. 
Extreme diameter ... 101. 0 121 0 
Diameter of flat bott bi | 76 0 96 0 
Depth in hold at centre, from under- 
side of beams to top of the frames 
of the double bottom ~ a a 14 0 
Forward 132 12 0 
Draught of water jas od 13° 2 14 0 
Mean LE 38 13 0 
Height of barbette tower from load 
water-line ... ss seh a 12 0 13 3 
Dianieter of barbette tower outside} 30 0 34 0 
Height of upper deck at side, from| 
load water-line amidships a] Bi ly cB 
Displacement in tons ile “ 2490 3550 
Area of midship section in square 
feet ... ~ os ote ..| 1170 1416 
Engines, nominal horse power 480 640 
Coal supply in tons ... a m. 200 250 
Propellers, serew, in number dss 6 | 6 
Complement of officers and men, } 
number __.., mT * ial 110 120 
Armament, breechloading guns two, 
in number, each weighing, in tons) 28 41 
Smaller guns in unarmoured breast- 
work... abe oo bce olf | 4 
ft. in. | ft. in. 
Height of armour on side above 
water a om ade al 1 6 1 6 
Depth of armour below load water- 
Matin. eee! | 46 
Tkickness of armour on sides (in- 
cluding equivalent thickness for 
the hollow iron girders behind 
armour) upper strake_.... oon 0 11 1 6 
Ditto lower strake ... dep od 0 9 1 4 
Ditto on barbette tower... — o1n.|} 1 6 
Thickness of deck plating ... .../' O° 23 0 3 





The guns, mounted in the Novgorod’s turret, can with 
their carriages revolve completely round, and the carriages 
are so constructed as to admit of each gun being trained in- 
dependently of the other through a certain angle. The 


height of the breastwork or turret covers entirely the men 
perning the s. The upper deck outside the breastwork 
is heavily pla 


These are the chief points of the design of the Novgorod, 
to which I consid necessary to draw your attention. 
For want of time it would be preferable. to pass over the 
description of the details of construction, as these hive 
been given fully enough on several previous occasions. I 
will glance o hastily at one more important feature 
peculiar to that ship. I refer to the arrangements of 
engines and the way of working them. 

There are two isolated boiler rooms, containing four 
boilers each, These supply six engines, each of 80 horse 

wer ( inal), d, horizontal, working each an 
independent screw of 10 ft. 6 in. in diameter, All the shafts 
of the screws are el hd each =. bana of the 
screws vary according to their positions : ing from 
the emew néezess to the middle of the ship on each side, 
their respective pitch are 10, 11, and 12. These were found 
to be the most advantageous, according to carefully con- 
ducted trials. Steam from each set of boilers is condncted 
into a separator, and from there it is distributed between 
the engines. There is one engineer for each side of the 
engine room, and both of them are stationed on a common 
platform upon which the starting and reversing gear, &c., 
for all the engines are fitted. Voice-pipes from aboveare led 
to this platform to tr it the captain’s orders. The 
engines are supplied with Hearson’s stophometers, so as to 
show at any moment the number of revolutions which each 
engine is making, and to regulate the uniformity of the 
speed accordingly. ; 
The Bevpene was launched and completed in 1873. From 
that time her qualities at sea, as proved by pee raining 
over several thousand miles along the coasts of Crimea an 
farther east across the open sea direct to the Circassian 
shores, have been found to exceed all expectations. She 
visited all the ports of the sea of Azov, into which no iron- 
clad im existence, ing the same guns, l ing the 
same protection, Gould enter. in her earliest voyages 
the Novgorod has been attended by a steamer, but since 
her quahties were ascertained, she has been always en- 
trusted alone at sea, as any other ship would be. During 
that period several alterations have been made in order to 
make this coast defence vessel able to contend, when neces- 
sary, with any seas she may meet. i 
natural ventilation has been so improved, that now the 
ventilating fans are taken ont, and when the ship is steam- 
ing, even ina heavy sea, with all deck hatches closed, the 
draught is maintained by the great volumes of air which 
enter through pte shaft or tube placed in the centre of 
the vessel, and y through the perforated bottom of 
the turret. Her anchors are now worked from the top of 
bow superstructare, thus insuring perfect safety when the 
idi on roadsteads. I 








e 
Norgorod when the waves t 
oftheship. Yet they pea itte pear: 
vessel. I was able to. work comfortably 
instraments, so unnoticeable was the rolling. All 
are taken up on the davits, instead of being left on the deck, 





where the sea might have injured them. Such were the 

the mer tof the ired with this vessel at 
ence new 

aa to ins insure greater comfort of seaworthizess, and this 








ence leads to the belief that in future such ships need 

not be designed merely for the coast defence : 
The under-water part of the bow is fuller than that of any 
other vessel, and consequently it possesses enormous buoy- 
- Owing to this buoyancy, increased by the existence 

of the bow superstructure above the deck, and. owing to 
other results of her extreme proportions, the ship has a 
constant tendency to ride over the waves, behaving much 
in the way as a duck would, ting through 
the water like a long and narrow ship. Her stability is 
immense, and her steadiness as a gun-platform is greater 
than that of a ship of any other form. ing to the great 
beam, low freeboard, and, psbepe, also to the flatness of 
the bottom, the rolling of the Novgorod is very limited 
indeed, and it seems to me that in the present state of the 
subject, instead of entering into the discussion of any 
theoretical hypothesis on the behaviour of a ship, whose re- 
sistance to rolling motion and other conditions are widely 
different from those of ordinary abapes ships, it would be 
preferable to state only that the greatest angle of roll which 
was observed while I had the pl e of steaming on board 
the Novgorod for several days at sea during the equinoctial 
gales, never was such as to expose her lower edge of the 





side armour, the instrument for measu: the angle of heel 
showing at that time that the arc through which she was 
rolling was 6 or 7 degrees ; this was in waves in which ordi- 
nary ships steaming the same course with Novgorod were 
rolling very heavily, so much so in fact that several objects 
on board were sliding down and falling in the cabins, whilst 
some curiously unstable candlesticks on board the Novgorod 
remained unmoved on the tables. The foward sharp edge 
of the superstructure breaks the tops of the wayes when 
the ship is driven against a head sea, and some of the broken 
water is precipitated on the deck, but soon disappears from 
it, because of the great round of the surface. Both captains 
who commanded the Novgorod, and officers who served on 
board of her, would only be too glad if they should be sent 
to the Mediterranean, so confident are they in the seagoing 
qualities of their circular ship. 

Much was said about the Rovgorod wee ad slow, but 
people compare her propelli power with that of the 
English ships, forgetting that Penn’s engines develop occa- 
sionally more than ei it times the nominal horse power, 
whilst the engines of the Novgorod unfortunately developed 
as yet at sea about four and a half times. The Novgorod’s 
speed, had the engines been of the same efficiency, would 
have been nine knots ; while there exists no ship in the 
world so small as Novgorod, and carrying the same armour 

guns even on a much greater draught. Therefore had 
this ship been built for other purposes she might have pos- 
sessed a ter speed. Owing to the felialive power of 
engines, there is indeed remarkably little diminution of 
speed when such ship is driven inst the waves at sea. 
It was argued that the screws the Novgorod are left 
more unprotected than in other ships; but that is of no 
importance for her purposes, and could be easily altered b: 
arranging the screws, either in special inner tunnels, as 
should recommend, similar to Mr. Griffiths’ plan, or other- 
wise, should the purpose for which this vessel is designed 
be altered. 

The improvements in torpedoes, and in their application, 
lead to the adoption of this formidable weapon in preference 
to the ram, but a ram can be fitted to a slightly elongated 
bow, and would be even more effective in such vessel, than 
usually, because of the advantage that the short ship 
always has in respect of handiness | manoeuvring 
qualities. Multiplicity of screws afford most powerful and 
effective means to govern the course of the Popotts, and 
enable her to be manceuvred really with wonderful ease. 
Owing to the multiplicity of engines, the Novgorod is much 
safer than any ship having a single or twin a ag 
because of the diminished chances of losing entirely her 
mobility when in action. 

(To be continued). 





NOTES FROM THE SOUTH-WEST. 

Rail Straighteners at Tredegar.—This section of the 
working community came to an understanding with their 
employers on Wednesday. Mr. James, mil and forge 
manager, received a deputation at the mill office, and it was 

to commence operations on Thursday., The strike 
had been on about seven weeks. It appears that ten on 
and ten gangers are employed at the straightening mill, = 
these twenty individuals keep about 800 hands going in the 
puddling and rolling, and when the twenty struck the 800 


were thrown out of employment. - 
i ing.—The screw steamer Allen- 
se elonging to Messrs, Dixon and Wilson, of Sunder- 


dale, belonging f 
land, which left Penarth Docks on Wednesday, with 1050 
tons of coal for Die and Havre, is fitted with an ar- 
rangement by which trimming is said to be dispensed with, 
the small y distributed, breakage of —, 
and despatch in loading and discharging increased. : 
is Price’s patent self-trimming hatehways, an 
was i in our columns some time since. We oo 
informed that there are nine steamers already fitted wit 
these hatchways, and that satisfaction has been e 
by the owners at the results obtained. ’ 
The thirtieth annua 


Bristol Water Works Company.— i 
Een meting of Se shelter of the, paDaG) 
direchars, preside: ‘Tho chaktinad in moving the udoption 
of the report, stated that the receipts had during the pest 

ingreased hy 27091, and the, working. expense’ 


x1 t 46111. been saved. 
Te Aan erly ca for 
L vi and Ogmore Railway.—The Llynvi and Ogmore 
Companies Bill 

Int oon before the Court of in the House of Com- 


< 
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mons. The object of the Bill, it was stated, was to amalga- 
mate the companies and for other purposes, the amalga- 
mation being justified on the ground that more direct rail- 
way communication would be afforded in the district. 


Rail Straighteners at Ebbw Vale.—A deputation from 
the rail straighteners has had an interview with the forge 
and mill manager, and matters having been adjusted, the 
men agreed to resume work. 


Llandaff Ironworkers.—The whole of the ironworkers 
employed at the College Iron Works, Llandaff, came out on 
strike on Saturday, against a 10 per cent. reduction. The 
delegates had an interview with the proprietors on Wednes- 
day, and offered to accept 74 per cont. provided the masters 
would consent to supply the men with house coal the same 
as at other works. This, however, was refused. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mripp.esBRouGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
large attendance on ’Change at Middlesbrough and the 
improved tone which we reported last week was maintained. 
Business was done at 48s. 6d. per ton No. 3 Cleveland pig 
but at the close of the market the leading makers declined 
to accept less than 49s. per ton. It is expected that as the 
shipping season advances more pig iron in proportion will 
be required for Continental ports. 


The Cleveland Ironmasters’ Returns.—The I[ronmasters’ 
Association returns for March have just been issued. It 
appears from these that there are 158 blast furnaces con- 
nected with the association, embracing Cleveland and the 
North of England.. Forty of those furnaces are out of 
blast and 118 are in operation. There is now one more 
furnace in this district more than there was this time last 
year, and thereare eight more out of blast. There are five 
new: blast furnaces in course of erection. Many of the 
furnaces out of blast are undergoing thorough repair. 


The Finished Iron Trade.—This great branch of 
industry continues in a languid and unsatisfactory condi- 
tion. No new orders are coming to hand, and as week 
after week glides away the contracts are unpleasantly 
nearer completion. While Messrs. Bolckow, Vaughan, 
and Co. have restarted their rail mills at Middlesbrough, 
the Britannia Iron Company at the same place have stopped 
their extensive works for want of orders. Iron manu- 
facturers take a most gloomy view of the prospects of the 
early future. Unless some rail orders are Pesuily obtained 
several mills will, in the course of a few weeks, be stopped, 
and thousands of men will be thrown out of employment. 


The Coal and Coke Trades.—The demand for fuel is no 
better. Prices are unaltered. Until there is a general 
revival in the iron trade there will be no lasting change for 
the better in the coal and coke trades. 

Engineering and Shipbuilding.—There is nothi 
ing for special mention in connexion with those tr 
the northern rivers. 


The Ironworkers’ Wages Question.—Yesterday the em- 
ployers connected with the North of nd Iron Trade 
Board of Arbitration received a notification from the iron- 
workers for a reconsideration of the wages rate, as fixed in 
January last by Messrs. Mundella and Williams. The 
award of those gentl was a reduction of 7} per cent 
in the wages of the men, making the price of puddling 
8s. 3d. per ton. The men were so dissatisfied with the 
award, seeing that the Staffordshire operatives were receiv- 
ing 9s. 6d. per ton, that at Stockton and Middlesbrough there 
was a pretty general strike. Through the influence of 
their leaders, Messrs. Kane and Trow, the men were induced 
to return to work. Although they then stated that they 
would raise the question on the 4th cf April, which by the 
award they were entitled to do, it was thought that in the 
bad state of trade which prevails they might possibly waive 
their right. They have, however, given the requisite notice, 
and the arbitrators who formerly acted will be called upon 
to say whether there shall be any alteration of wages, 
and if so, what alteration, for the ensuing three months, 
the date which their award covers. 


NOTES FROM THE NORTH. 

: Guiascow, Wednesday. 
Glasgow Pig Iron Market.—There was an entire absence 
of business in the market last Thursday forenoon, and at 
the close buyers offered 59s. 1}d. cash, with sellers at 
59s. 3d. The market was steady during the afternoon, and 
business was done at 59s. 3d. cash, deiihe buyers over, 
sellers 59s. 4d. More firmness was displayed on Frida; 
forenoon. Prices were 59s. 6d. and 59s. 74d. cash paid, 
but only a small amount of business was done, closing 
buyers over at the higher price and sellers at 593. 9d. The 
market continued quiet in the afternoon, business being 
done at 59s. 9d. cash, closing buyers over, sellers 60s. 
Monday’s market opened in the forenoon with a firm 
appearance at 60s. one month open offered, but buyers 
withdrew, and the price gradually receded to 59s. 44d. cash 
sellers, without any business being reported all day. The 
market opened firm yesterday forenoon, with a limited 
business done in warrants at 59s. 3d. to 59s. 74d. cash 
and one month fixed, closing with buyers at the top prices, 
sellers asking 59s. 9d. There was a steady market in the 
afternoon, buyers 59s. 7}d. cash, sellers 593. 9d. The war- 
rant market was quiet but steady this forenoon, only a 
mited amount of business being done at 59s. 6d. cash and 
one month open, closing with sellers over at those prices, 
buyers offering 59s. In the afternoon the market 
continued quiet with no alterations from the forenoon 
prices—buyers 59s. 4¢d., sellers 59s. 6d. Several brands 


call- 
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The Scotch Blast Furnaces.—One of the blast furnaces 
at the Almond Iron Works, Linlithgowshire, was blown out 
last week, thus leaving the total in blast throughout Scot- 
land at 118, as against 123 at the same time last year. 


Motherwell Water Scheme.—There is now every prospect 
of the Motherwell water scheme being ied into execu- 
tion. The offer of Messrs. Laidlaw and Son, of Glasgow, 
to cast the pipes and deliver them at, the various stations 
for the sum of 64841. 13s. 9d. has been accepted. The 
offer of Messrs. Stewart and Creber, of Dundee, to lay the 
pipes and do the other work for 67411. 3s. has also n 
accepted. The accepted offers were not the lowest, but 
still there is every prospect of the: whole work being com- 
pleted much under the engineer’s > estimate of 
15,0001. The water is expected to bein Motherwell within 
the next nine months. When this supply is brought in 
Motherwell will be cured of its gy sanitary defect, 
and in all probability will greatly increase in population 
and in importance. 

Clyde Shipbuilding Trade.—The launches on the Clyde 
last month were unusually few, and the tonnage very small 
when compared with the totals of corresponding months in 
former years. The shipping launched wag under 11,000 
tons, whereas in March, 1874, it was about 32,000 tons, 
and in the same month of 1873 it was 30,000 tons. The 
orders booked lately have been very few, and even the in- 
quiries are far less numerous than they were a few months 
ogo, These are certainly very poor prospects for the local 
rade. 

Association of Engineering and Shipbuilding Draughts- 
men.—A meeting of the Glasgow Association of Engineer- 
ing and Shipbuilding Draughtsmen was held last Thursday 
evening in the Religious Institution Rooms—Mr. Robert 
Thomson in the chair. Mr. Lewis J. Pirie read an interest- 
ing paperon ‘‘ Curves.” He stated at the outset-his de- 
finition of a curve—viz., a chain of points—and illustrated 
by numerous diagrams and curves the + saving of time 
that could be effected by their fre ~_ use, showing how 
the result of long calculations could easily be read off by 
measurement to any given scale. From the many i 
examples of their use which he gave their great utility was 
at once admitted by the members present. A discussion 
iellowsl, and the meeting clo$ed with the usual votes of 
thanks. 


The Patents Bill.—Last Wednesday evening a special 
meeting of the Philosophical Seciety of Glasgow was held 
to consider the Lord Chancellor’s Patents Bill. Sir William 
Thomson, president, occupied the chair. After a long dis- 
cussion, a committee was appointed to take such action as 
might seem desirable. 








Tae InstrruTion OF CrviL ENcIngrRs.—On Thurs- 
day, the 30th ult., Mr. S. B. Boulton, Assoc. Inst. C.E., 
of the firm of Burt, Boulton, and Haywood, entertained a 
large party of the students of the Institution at the prin- 
cipal works belonging to his firm at Silvertown, with a view 
to explain the whole process of the manufacture of creosote, 
and of the application of that oil for the preparation of 
timber. Some idea of the yay oon of the firm = tg 
gathered from the fact that they have four large establish- 
ments in the port of London ; six others at various English 
ports, besides seven timber-preserving works at different 
places on the Continent, and a depdt in Russia (at the port 
of Riga) for the shipment of Baltic timber. Mr. Boulton 
accompanied the party, and entered into a detailed explana- 
tion of the various processes. He began by mentioning 
that, whereas some years ago the tar produced in the manu- 
facture of gas was a waste substance, of which it was ex- 
tremely difficult to get rid, it had now become a source of 
considerable revenue to the gas companies. Submitted to 
fractional distillation, every atom of the gas tar was now 
converted into some useful commodity. The laboratory 
was the first place visited, where a complete series of speci- 
mens of the substances produced from tar was exhibited in 
the order in which they come from the still. Besides the 
creosote used for the preparation of timber, these specimens 
of hydrocarbons included carbolic acid, naphthas, the various 
forms of benzole and anthracene used for the manufacture 
of aniline and alizarine dyes; and, lastly, the pitch, which 
is largely used for the manufacture of patent fuel. The 
chemical works were next inspected, the various batteries 
of stills, and the machinery for rectifying and preparing the 
numerous products for the market being in full operation. 
The complete and elaborate apparatus for the condensation 
of all vapours evolved in the process of manufacture was 
noticed and commented upon, and it was mentioned that 
this apparatus, which was specially installed for the purpose 
of ag em, ag possibility of the escape of any nuisance 
from the works, had also been found in practice to lead to 
good economical results. The timber yards and saw mills 
at Silvertown, and also those within the Victoria Docks, 


were next visited, together with the creosoting cylinders 
and the machinery used for injecting the timber. ere one 
of Hudson’s machines for burning sawdust as fuel under a 


steam boiler was successfully at work. The ‘‘ water- 
carriage ’’ system, as applied to the landing, transport, and 
stacking of sleepers upon a —_ patented by Mr. Boulton, 
was very interesting. _ The heavy sleeper blocks, instead of 
being carried on the backs of labourers, were thrown into 
the water direct from the ship’s hold, from whence they 
were picked up by revolving chains, and transferred to a 
series of water troughs or small canals upon the ground 
level, along which they were conducted from all parts of 
the premises to the saw mills, where were sawn into 
sleepers, and finally stacked to a height of from 25 to 30 ft. 
by an elevator worked by steam power. The s are 
kept stacked for drying for a considerable time before they 
are creosoted, and the maintains a stock of no less than 
eeatve wiles and Soll 66 Geers 


this conntey constantly undergoing this natural process 





of makers’ iron have been advanced in price 6d. per ton 
since. Last weeks shipments amounted to 9529 as 
against 11,180 tons in the corresponding week of last year. 
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ACCIDENTS ON PRUSSIAN RAILWAYS IN 
1874 


Tue Statistischen Nachrichten von den Preussischen 
Ejsenbahnen, published by the railway section of the 
Prussian Ministry of Commerce, ecortain, besides full 
details of the working of Prussian railways and traffic 
returns, an interesting compilation of the accidents which 
took place in 1874. The sum total of those accidents was 
508 in 1874 and 440 in 1873. 

Of the 205 accidents in consequence of trains running off 
the rails in 1874,-90 were caused by defective carriages 
(most often by the loosening or fracture of tyres), 47 by 
careless or wrong shunting, 88 by the bad state of the 
permanent way, 20 by displacement of the rails or obstacles 
placed on them, 14 by careless conduct of engine-drivers, 
and 1 by other causes. In consequence of these accidents 
4 persons were killed and 69 injured, 74 animals killed 
and 88 injured, 183 carriages considerably and 887 slightly 
damaged. Arranging the railways according to the number 
of accidents in a descending scale, we find that most of them, 
viz., 45, happened on the Berg-Markish Railway; then 
follow the Cologne-Minden with 82 ; Rhenish, 31; Eastern 
Railway, 19; Magdeburg-Halberstadt, 11; Upper Silesian, 
9; Hanoverian, 7; Breslau - Schweidnitz- Freiburg, 7 ; 
Lower Silesian Markish Railway, 4; Saarbriicken, 4; 
Berlin-Stettin, 3; Berlin-Potsdam-Magdeburg, 3; West- 
phalian, Rhine-Nahe, Markish Posen, Magdeburg-Leipzig, 
Berlin-Anhalt, Berlin-Gérlitz, Nordhausen - Erfurt, and 
Altona-Kiel Railways, with 2 each; of the remaining rail- 
ways, 6 with 1 each, and the remainder none, Forty-one 
happened on state railways, 56 on private railways under 
Government control, and 108 on private railways. If we 
compare the number of accidents caused by running off the 
rails with the number of miles run, we have in 1874 one 
accident to 320,916 miles, and in 1873 to 879,252 miles; 
and in detail in 1874 on state railways one accident to 
527,109 miles; on private railways under Government 
control one to 215,716 miles; on private railways one to 
297,192 miles. 

Collisions were of more frequent occurrence; in 1874 
there was one to 272,974 miles, and in 1878 one to 247,135 
miles. ‘The state railways had 50 collisions, or one to 
433,482 miles; private railways under Government control, 
91 collisions, or one to 133,317 miles ; and private railways, 
100 collisions, or one to 820,946 miles. As regards the 
frequency of collision on the several railways, the most, 
viz., 71, took place again on the Berg-Markish Railway ; 
then follow the Cologne-Minden with 26; Rhenish, 21; 
Eastern Railway, 16; Lower Silesian Markish, and Upper 
Silesian, with each 15 ; Magdeburg-Halberstadt, 12 ; Mag- 
deburg-Leipzig, 9; Saarbriicken, 6; Rhine-Nahe, Right 
Oder, and Berlin - Potsdam - Magdeburg, with 5 each; 
Westphalian and Nassau, with 4 each; Frankfurt-Bebra, 
Berlin - Stettin, Markish - Posen, Breslau - Schweidnitz- 
Freiburg, and Thuringian, with 3 each; on two railways 
there were 2 each; and on 8 lines each 1 collision. The 
causes of the collisions were: wrong shunting in 64 cases; 
careless placing in 44; non-observance of signals, 26 ; 
wrong directions of station-masters or guards, 24 ; separation 
of trains on a clear line, 19; blocking up of rails by 
carriages, 18; sudden movement.of standing carriages, 17 ; 
wrong signalling, 15; entering stations at too great a 
speed, in 11 cases. In consequence of collisions, 9 persons 
were killed and 178 injured ; aiso 25 animals killed, 456 
carriages, &c., considerably and 699 slightly damaged. 

Among the 62 remaining accidents which caused an 
interruption of traffic, the most frequent causes (in 23 
casés) were collisions with vehicles on level crossings. In 
16 cases traffic was interrupted by landslips, snowdrifts, 
floods, Sc.; and in 7 cases, fire broke out in the trains. 
These interruptions of traffic took place in the proportion 
of one to 1,061,076 miles rnn. In consequence of them 1 
person was killed and 5 were injured; also 8 animals killed 
and 1 injured; 18 carriages considerably and 43 slightly 
damaged. 





HAMMERSMITH BripGE.—Since it has been decided by 
the authorities to close this bridge on the occasion of the 
University boat-race, on the grounds of public safety, the 
following particulars may be of interest :—The con- 
sists of three spans of 145.5 ft, 400.25 ft., and 143 ft. clear 
openings respectively, commencing at the Surrey side. The 
points of suspension of the central portion are 422.25 ft. 
apart, the deflection of the chains 29.5 ft., and the maximum 
tension on them is 1.857 times the uniformly distributed 
load. The main chains on each side of the roadway consist 
of a double tier of bars six in a row, and the chains 
outside the footpath of half that number of bars similarly 
arranged, so that in all there are 36 bars 5in. deep by lin. 
thick, or a total area of 180 square inches. The pins are 
2g in. in diameter, and the several links are connected by 
coupling plates. The links were tested up to 9 tons per 
square inch before erection, and the puapennn bore are 
lin, square and about 5ft. apart. We not know the 
weignt of the structure, but as the*roadway is 20ft. wide 

and the footways each 5 ft., it cannot be less than from 350 


tons to 400 tons from the central opening, which would im- 
pose a strain respectively of 3} 4 tons per square inch 
upon the ag Pron that rT gay ng on over- 
crowding the ‘ore would one affecting 
the direct tensile 


h of the main chains, but probably 
the strength of the platform and the structure generally 
under the oscillatory ree See eS 
sudden rush from one side to the on 
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PRICH LIST OF MATERIALS. 


METALS. 
£ 
ANTIMONY Orne (per ton)— by 





aeeeee 


CasTinas, TYNE AND eve 


(per ton)— 
GPAOTS .,.000-ccereeee.cceee oe 


Cum (per ton) — 


sO peat eerenrenneeees 


Bottoms...... 


Iron Ones (per ton 
Rod hematite, British 


IRON Pie et “5 ga 
Clevelan 


Other qualities 
Welsh (South Wales) .., 
» (North Wales) ,., 


Scotch Pig— 
G.m.b., at Glasgow... 
Gartsherrie ceacteece 
Coltness.. 


stent eee en ener ee eenees 





Langloan .. eoccececeeerssvoocee 
Carnbroe ......... eos 
Monkland... 
C1YGS........00-0c00ese0-cocceces 
Govan, at Broomielaw... 
Calder, at Port Dundas,,, 
ee at Ar- 

APOBBBD .......ceseecereeeres 


seeeeereeees 


Dalmellington, di eeeeee 
Carron, at ek 
Ditto, specially selected 
Shotts, at Leith . 

Kinneil, at Bo’ ness... 
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(The above all dsiiverable slong * 


BHropshire ose .csccecceseseee 
North Staffordshire .... 
South 
Yorkshire Thornaby’ pig. 
Ridsdale Nos, land 2 , 

Nos. 8 and 4 ,., 

IRON, ‘Wrovent— 

Uleveland angles.......... 
- boiler plates... 
ship plates....., 


@ hoops ... 
Welsh rails, S.W. ......+. 
oe 
» boiler plates, S,W. 
» hoops, 3,W. 

LBAD (per ton) — 

Soft English Me eeereeces 
Other brands., eccee 
Sheet 

PHosPHOR Bronzz— 

(per ton) eeereeees 

—— (per ‘bottie) 

SCRAP ( ton) -- 

Old rails oor re-manu- 
facture ..... eeeeeresees 
Old steel scrap... beocesccece oeee 

SPELTER (per ton)— 
oe COMMON ....00008 
Rhenis! evece eco 
eeaieh eco cneanscoonecescs: 

a —~ aC (per toa)—" 
Best . ove 


— oor ton) — 
eo * fouble shear . ee 
» Single , 
English spring ... 
) eee 
Milan ........ 
Bessemer rails ee 


“ hammered... equacesenes 
TiN (per ton) — 
Straits 
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Trin PLATES box)-- 
LO. cberoe 


eeereeeeeteeees 


= (per ton)— 
ae ae 


‘oreign . 
Wik, Fescine ae 
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» Telegraph (gaivan’ sd) ‘8 


COALS AND CO 


Opens is (per ton)— 


Derbyenita coe cee-ce ceeseeeee 
N ewcastle and Durham..,, 


Staffordshire 
Welsh 
Yorkshire. scceecceseeccecceses 
Coxks— 
Cleveland ......00.000eree000 
Duar! 
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OILS, GREASE, & LUBRICATORS. 


OILS (DET CUD) ....00-cereereeee8 


ee retenereeceeneeseete® 


PeTRoLeuM— 
Fine (per. ae ecesesese 
spiri a+. ene eneneneneses 
Prrci A al ye 
| oS gpa 
PLomBaGo (per cwt.)— 
Ceylon lump 


eeeeeereeeeeees 


Resin (per cwt.)— 
AMNETICAN ,,,....0+.00seere0000 

TALLOW (per cwt.) 
8. American beef .......+« 


J 8 see 
St. Petersburg, tc 
English, town ...... 
Rough, English .......... 
TURPENTING —Spirit— 
French 


a shee: 
Australian beef 
hee 


Tar—Stockholm (per barl) 
Archangel., 000000ees 00 
WIPINGS, ONZING veensneeee eecee 


o wooo 
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CHEMICALS, &e, 


ACcIDs — 

Aquafortis (per Ib.) ...... 

Sulphuric acid(per Ib.) .., 

Sulpharic acid, brown ., 
AMMONIA — Muriate (per 

I). ...cccecceccoceerersecenesee 

ARSENIO— 

White, lump (per cwt.) ... 

Powdered (percwt.) ... 
BLEACHING powder per cwt. 
Borax—refined (per cv°t.) 
BRIMSTONB (per ton)— 


Coppsras — green (per 
ton)— 
ae = ‘Suiphate er 


wt) ” 
Leap, 


LITHARGE (per cwt) ... 
PoTasH—Bichromate (per 


Ib.) 

SALTPETRE (per ton.) 
English refined, ae. 
Bombay... 

Bengal 

Sopa Caustic 
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1§ 


10 


- 


On ore 


eoo°o 


“we ove 


PEF amB~S RPS Moco, 


aPuno 


Poovo™orones 


we a 

SSA8S 2 325s 
-- 

©0000) lw a 


&c. 


(Per Petersburg standard) £ 8, d. £ 
Archa 


BALTIC es (per load) 


£2 8. 
—— — ard ne scpeone 10 10 
rior 


on see jess 
deals) 


AMERICAN DEALS 


Quebec Ist bright pine... 21 


” we 


” 
» oe floated pine.. eee 19 
» 2nd Pm eo 12 
8rd oo @ 
Canadian spruce, "Ist...... 10 
New Brunswick spruce.. - 8 
N. 8. & P. E. Isle spruce 8 
U. 8. pitch pine ............ 10 


AMERICAN TIMBER— (perload) 


Red ‘ pine (mixed 


Do. for yards and spars 
Yellow pine, ty board - 





Masts, red pine ........0... 
» yell. pine, large... 
om ag eeeecereeseeres 


Kawrie. 
Indian teak ...ccsssses .. 
— Guiana’ 


eart .. 
Australian ironbark 


0 FOSSMNSDS CKOUMAW 


seeeees 


Denis and 'Memel crown 


ve toe ese =e 


small, short, and 
gula. 


Fane cosseteeeeetee 


ween 


Norway 


ks 
Fuoorine BoARDS (per sq 


of 1 in.)— 
First yellow.....occcose.sseoe 
white . 


Second qualities . eoeee ve 


7 10 


9 10 


a. 
° 
° 


eCeoococco000 


elSeeCooo oe oo V8 8 


£84. 
1215 © 


© 35 
The above prices. Wat “ihe Docks.” 


LIVERPOOL. 


eceoeoeoeoeoocoeoeoo 8 


eco 090 


WHOLESALE Prices OF TIMBER, DEALs, &0. 
From British NORTH AMERICA. 


Pine TIMBER (per cubic 


foot string measure) £ 
Quebec yellow square .,, o 
Waney board .., o 

St. John’s, N. B., 18 in... 0 
Miramichi and British 
Chaleur ..,...000rc0-c0000 » 


eo 


Edward Island .,,...... 
Quebec red .......s0+ 
Uak, Quebec Ist ., 

Elm 

Ash seevesceenese. vee 
Tamarac, Que seocceces 
White wood, Quebec... .., 
Hickory, Quebec............ 
Walnut, Canadian an 

United States 
Birch, St. John’s, be. 'N. B, 

ao uebec.., 

ova Scotia and 

Prince Edward Island 
— yellow | Ist 

it: 


eccoo0ooco 


DEALS AND BATTENS (per 


Petersburg standard). 
Quebec yellow pine, ~~ 
2n 


Ditto, ditto, Ist pine 

ditto, 2nd ,, 
Ditto, ditto, 3rd ,, 
Nova Scotia, &c., spruce 


Boards, TN ee 


ween ennn 


sal Rad 


ad 


2A Da SoM 46S awvqgrtse 2 SHO 


coco°o 


eoooooco 


cook 


e°ece000000 of 


eco°o 


een ever eee ~~ een? 


Ltd 


oun & 


Cw Dr aoawnAonm awn 


oo 


eooo0oo0om ooco”o 


From THE UnitEeD States, East AND WasT 
INDIES, AND AFRICA. 


(Per —_ foot, string 
easure) 

ne. - em pine ...... 

Charlesto - 

ener 

United States oak logs... 

(Per cabic foot calliper 
measure) 


coookh 


es ow & 
a 


THurspay, Aprit 6, 1876, 
F20M THE BALT10, &¢. 


(Per cubic foot string 
measure) 

Fir timber, | gh oo 
Memel valine whbegosess 
Ditto, ditto, other kinds 

ditto 


(string measure) 
= rope p per lineal yard 
Trcecccccscoccse 
— 

= Petersburg standard) 
eee , and 
pe epee 
Redwood, 


Wyburg Ist . 


zs. 


° 

Petersburg lst 4 
2nd 1 
+ 10 


Uleaborg ..,... 10 


Gothenburg att 
Memel ......... 
—» apf ‘ 


WHILE ....cecceeee 


Swedish and Norway ao - 


steeeseneee 


City St. Do: 
Co 


a TD aE 
Sleepers, Hackmatac 
9x10x5 


H 

(Per load). 
Memel crown fir timber 
” ” 2nd 
Riga and Dantzic 2nd .., 
” ” 


Swedish 


2° =_ 

Mining timber ...........0000 
(Per cubic _— 
bec 





Charge for labour 


It 
10 


° 
° 
° 
° 
4 
3 
3 
4 


718 
MAHOGANY, &. (per foot 1 in.) 
mingo 


COwees + 


eococo000 


oh 


e©e8o0000 


and 1s. 6d. per load for timber. 
WEST HARTLEPOOL. 


(Per cubic foot ) 
DANTZIO crown fir........00+6 
ee good middling ... 
common ditto ... 
(Per load.) 
Fir sleepers, 9 ft., 10 x 5 
(Per Petersburg standard, 7 


” ir 9 15 9 
Charge for labour Qs. per - stavdard for dea 


~ 
BOA OMummuan wz 


e 
° gre 


COCOOCOOMOPOOPDG000 


and Is 6d, per load for timber. 
WISBEACH. 


(Per Petersburg standard.) 
Wyburg Ist red deals .. 


Meniel 2nd red deals 
3rd 


oro 


° 


F2000000S4~S00 000 


- 


Cee eoeeoo eco 


ecooeoqco aaoco eceoocoeo 


co 


5 
Standard for deals, ke, 


PaceoceooooMac00000 


a 
. 





African oak logs....,,...... 


sorts, yell.and white... 13 
the: East Indian teak 


rd 15 
Norway deals, other Soderham 2nd "red baits. = 15 
sorts 3rd 10 17 
Norway battens, ali sorts ; Srdred boards 11 © 
Swedish deals mixed ... 12 


Free on railway tracks. 


” 


eso a00000 
- 

eoogo~sooosm 

eocoooo00c90 











5 
° 
° 
° 


Australian... one snencee reese 16 











- 


Gas Lieut anp Coxe Company.—The report of the | 
Chartered Gas Company has just been issued up to Decem- 


ber 3ist last. The total a rptnery 4 the half year amounted 
to 598,0451., of which about 0001. re Mh rd from the sale 
of gas, and about 135,000. from residual products, the re- 


maining being from minor items. The total expenditure | 
was 426,5631., leaving a balance of 171,4811. to carry to 
account of net revenue. The revenue allowed full payment 
of the statutory dividend to the shareholders of 10 per cent., 
tnd othr dividends, debenture inkeret, At the end 
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ON THE FLOW OF FLUIDS THROUGH 
NOZZLES. 
On some Erroneous Notions usually held about the Vena 
Contracta, with Special Reference to the Prevalent Idea 
that it is to a Great Extent caused by the Convergence 
of the Stream towards the Orifice.* 
By Roszrt D. Napizr. 


In the preface to the second volume of ‘‘ Weisback’s 
Mechanics,’’ there is a remark to the effect that mathema- 
ticians are sometimes so charmed with the beauty of their 

processes as to forget to inquire whether their 
premises are correct. Seve ea of this have come 
within my own observation, and I eve that to similar 
causes is to be attributed a good deal of misconception with 
rein plate to the action of water flowing through an orifice in 


wd ay the present generation it used to be generally 
considered that the power or force which was theoretically 
available for een the flow, was equal to the area of the 
orifice multiplied by the pressure due to the head ; that is, 
equal to the ‘weight of a column of water of which the cross- 
section is equal in area to that of the orifice and the length 
equal to the height of the water above the orifice. 

In the former times to which I refer it was argued, as it 
has been since, that the theoretical velocity through the 
orifice was that which a heavy body would acquire in falling 
freely through a distance equal to the head, but that the 
obstruction caused by the convergence of the mo’ 

icles towards the Srifice and by friction made the notual 
only about five-eighths of the theoretical 
pr 

Tn reaso thus a serious oversight was made, which 
was retin ess than assi| to the theoretical force 
just double the duty it was — it could perform ; for 
it can easily be shown, and I shall presently do so, that if 
hve velocit; y through the orifice were that which a heavy 

would acquire in falling through a distance equal to 
the ead, the momentum of the water that would be dis- 
charged in a given time would be double that which the 
assumed theoretical force could generate in the same time. 

On the other hand, if the water were not to flow at 
nearly the velocity due to the head, there would be a loss 
of work which it would be difficult if not impossible to ac- 
count for. 

The question then arises, how can the amount of work 
that is potential in the water before it flows through the 
orifice, be transmitted to the same amount after it is dis- 
charged, without infringing the law that the momentum of 
@ moving mass is proportional to the force and time re- 
quired to generate its velocity ? 

Many persons have got over this difficulty — easy but 
rather cavalier 4 eye y They have ignored the name and 
even the very idea of momentum and determined the theo- 
retical flow entirely by considering the equality that should 
theoretically exist between the potential work in the water, 
before flowing through the orifice and the accomplished 
work after that. 

These two quantities might be perfectly equal though 
the vena contracta were a tenth of the size it is in reality, 
so that this method of solving the problem is simply esca p- 

from between the horns of a dilemma by ignoring t 
existence of one of them. 

But the commonest method of getting vo the difficulty 
is by doubling = theoretical disc force, and then 
accounting by an ingenious fiction for the fact that the 
work accomplished does not indicate the existence of the 
su double force. 

n it came to be understood that if water flowed 
through an orifice at any ye velocity, the constant force 
that would be necessa: roduce that stream would be 
twice as much as had be wey previousl = posed re- 

uisite, the on conclusion should m drawn 
that as ¢ was only power to do half the work expected, 
deaion s theoretically only half the work could be done. 
In place of which the opposite and remarkable theory was 
started, that as the proposed work could not be done without 
double the availab the wer, therefore that force must 
somehow exist or ought theoretically to exist. It = 
known that the work actually accomplished is y 
about five-eighths of what the imaginary power shoul 
do, and then it was argued that this must be caused by the 
poms ay oe to. oe flow caused by the stream converging 

towards the orifi 

An esteemed aalkenailial friend explained his idea of 
the matter to me some years ago by saying that water flow- 

through an orifice in a thin plate was very much like an 

po Serie British public crushing to get h a door- 
way, and thus getting through at a slower rate than if they 
,» a8 in some a to approach the passage in 


more nearly 

This ingenious if poy v ical view of the case was 
adopted in spite of the fact t e vena contracta was pro- 
claiming in visible language vo nature to 


overcome (not to ignore as many mathematicians done) 
the difficulty of recon the laws of momentum with 
those of work as measured force into distance. 

sy fact is, it is about as cult to conceive the idea of 
water through an. orifice in a thin plate without 
& vena contracta as to — = wines to the orifice | A 
without converging stream lines ; it is about as 
sane ak Bo on yy the vein is the cause o ne 
the pote ag They 


verging stream 
each necessary to conception of 4 the 
at once could take place. 


Reg ey that discharging water through 


oe ae there is no vena con- 
trib it might ja jaat os as R. be said that when “the 
not visible they do not exist ; 
prey pe Brae As takes place in the tube as certainly 
as if does ia the air, thonel perhaps itis slightly lanes 


* Paper read before the Philosophical Society of Glasgow. 


com pony de g 








I do not know who first gave expression to the idea, 
but it has come to be an accepted that the 
theoretical discharging force te ef to the area of the | and 
orifice multiplied by twice the head. 

Now supposing that this statement were substantially 


a pe there is an impropricty in about twice the 

ead acting on th eaten of the orifice in of the head 
por on twice the area of the orifice which, to the 
least of it, is extremel pga for there i is no doubt 
it has done incalculab by produci confused con- 
ceptions on this subject not ane in the of beginners 


but of mathematicians as well. 
No double head either exists or had any right to be supposed 
ible, but the actual head ht be conceived to act on 
louble the area of the orifice ; t is to sa; orgs tne Roane 
sure on the surface round the orifice might be conceived to 
be less than the pressure due to the head, by an amount 
which ioe 9 be equivalent to that pressure acting on an 

to the size of the orifice. 
awe Leow by experiment that there is a reduction of 
. ure equal to about one-fourth of this, and we should 
ve 


been justified in anticipating a reduction to some oon 


extent ; but it seems to me, that theory has ae more right 
to take this into account on the one hand than it has to 
take friction into account on the other, as nothing but ex- 
periment I suppose could give us the least idea of the value 
of either factor. 

My contention is as follows: That the theoretical 
bone: p bey the velocity due to the head, since otherwise 
would be a disappearance of work which was potential in 
the water ; 2. That the theoretical discharging force is equal 
to the area of the orifice multiplied by the pressure due to 
the head; 3. That this force could only produce the 
momentum that would be erated a stream whose 
sectional area was half the size of the orifice, and the velocity 
of which was that due to the head; and, lastly, that it 
follows that the theoretical vena contracta is half the size 
of the orifice. 

By Mr. Froude’s analysis of the vena contracta, brought 
before us by Sir William Thomson, he arrives at "the same 
conclusion and from similar premises, and his experiment 
was a convincing ent in favour of the soundness of his 
views, but his demonstration that half the size of the orifice 
is the true theoretical vena contracta, is not the drst that 
on oem rte ¢ publish self 866 I 

a pamphlet pu ed by my: in 1 argued at 
considerable length, and I think I proved, that in place of 
the convergence of the current towards the orifice being 
the cause of the vena contracta, it was more correct to sa: 
that it accounted for the fact that the vein only con 
to about five-eighths instead of to half the size of the 
orifi6® which was the true theoretical vena contracta. 

4 By ref Fig. 1 it will 
Rg. ° be easy to e the a method 
of deducing 9 theoretical discharge, 
the mistake that was made, and also my 
method of determining the 
vena contracta. The diagram repre- 
sents a cistern with an orifice in the 
bottom of it, and filled with water to the 
Mefow if the ori lugged up, 

pow orifice were p up, 
ressure on the plug would 

e area of the orifice multiplied by 

the ure due to the head A H, or 

to the weight of the column of 

bel H; and this _— or force 

was considered to be the theoretical dis- 

force which I also say it is. Ifthe plug is removed 

ona column A H is allowed to d by its own weight, 

then by the time the top part of the column is level with the 

wr - will have acquired the velocity due to the height or 


eyo if the same force were to act ona portion AN, 
which we will suppose is = th of the column A H, then by |; 


the time that the top N arrives at the orifice it will have 
acquired the velocity due to head A H as in the first case, 
for = should have » times the proportional force acting 


for = th of the distance, which would generate the same 


siglo as the total weight acting through the distance | v 
AH. From this it was argued that if n were supposed to 
be indefinitely large, there would ‘result a constant stream 
through the orifice at the velocity due to the head. In 
this reasoning it was overlooked that if the whole force 
were employed in giving velocity to the portion N A till it 
got into the position AB, then the succeeding portion 

the position N A would be stationary, and = we 


velocity of each ~— d its 
the velocity Sue te the height 


the orifice would only 
AH. 


If we now suppose the velocity of each part to remain 
constant after it has passed through the orifice, and that 
that velocity is twice the average velocity d its pro- 
pulsion through the orifice, then by the time second 
fein the positon Cr the position AB, the first part would 

the position CD ata distance B C equal C D from 


Then we should ultimately have the space below the 
orifice filled with alternate equal spaces of air and water ; 
but it would be absurd to expect an an intermittent action, 
and the only legitimate conclusion that we should have a 

right to draw if we had not seen the experiment, would 
have been that the siveain should reduce to half the size of 
the orifice in a theoretical point of view. 

On the other hand, we 
anticipated that there 

| the orifice which 





the orifice ; bab ca no petaciote that I com euseies ve 


theoretical | have 


we on ht to assume that this decreased should 

tnd the WB. gebbern the whole wei ht of the column A H, 
mt hey — ae tho trun. theemeliedl tena. 

ila Thomson tld us that the ealeclation of the 

Papbiirnsy Hg oy gros baffled 

Tam not surprised toleara that it haa done 20, fr 


Ne 
all to explain w A dgbaproerge oy vas of 
Shy al erieate cannot say 
the scope of pure mathematics to pel paved 


oranda the supposition of the field being theoretically 
perfect, but it does not require abstruse mathematics to 
see when a question like this i borne wrene wot Ste 
and I can readily imagine would be 
somewhat baffling to the most profound 
Had Sir William Thomson informed us that. sg 
tion of the premises on which Mr. Fronde’s method of 
termi e theoretical vena contracta is based, would 
require the inversion of the reaso’ hitherto tiged_on 
the subject, and that even the adoption of his deduction 
without reference to how it was obtained would iy 3 in 
cone Sy there would have been little occasion for this 


ut as far as I could judge, it did not to. have 
occurred to him that such a result must mcg or a vig an 
understood him in his concluding remarks to indicate 
the converging stream towards the orifice were ater 
all the cause of the contraction. 

Now if the theoretical vena contracta is half the size of 


there the orifice, then what becomes of the doctrine that is all but 


universally held, that ba wpa oe the velocity through the 
orifice should be that which a hea body Mey acquire in 
scree § seeniee Samal 38 the head, when of course 

would be no vena contracta at all? And if the experimental 
Secale aheeeatal lect tet, nae 

re size, W mes e 

given that the contraction is caused by the obstructive 
nature of the converging currents? tn propositions 


oe be pa 
uggested, a great deal of the darkness that 

x. cnrelope tine st subject has arisen from i m ignoring the laws 
and even the very idea of momentum, and Froude has 
done good service in restoring that neglected word and idea 
to its ancient and rightful position in the consideration of 
gy HE hlet 

e argument on question pam was con- 
ducted in words, and was not so conan ot should have 
been, and many mathematicians have a difficulty in follow- 
ing reasoning which is not e: in algebraical form 
yet Iam somewhat surprised that what was Been and 
in the hands of, to my own know 
mathematicians nearly years Prous 
to be no new, should ba t forward now as a novel 
and beautiful discovery, and thet that this should arise entirely 
through the arguments then and now being attired in a 
different dress. 

I am more particularly surprised that Mr. Froude should 
been so long in coming to the conclusion he has 
lately done, because in conversation with him about nine 

years ago, when I gave him one of my pours, I found 

that « our ee pe ie nig hes eat not pea ihe things but i 
almost exactl, other 

Both soa wks what I  * I may aE ny poms was then my fey 

mal | avanoel outs opinion, that when disc jeram chet a ones 

diverging i sible with fo in- 


consisting of a sui 
part (eetit wes it was theoretically 
finitely small head head to produce a ect races in the 
throat; at least that was my Mas wd fe the ma‘ and he 
held views that directl that conclasion, if 
he not not then oe adopted i 
of Mr. Moreton and of Mr. Brownlee, 
by which they obtained a vacuum in the throat of from five 
to six times the primary head, have ene De Fe neore that 
this view was correct ; but it seems odd that, holding this 
opinion at that time, Mr. Froude did not sooner reduce into 
mathematical the demonstration that I a given 
that half the size of the orifice was the true theoretical 


as ie con 
wr propose to ogre eraeeh that the ite contracta 
is ye 
orifice and the vena contracta ; re this increasing veloci! 
arises from decreasing pressure for the same distance, and, 
therefore, that the vena contracta is not caused by the con 

of the stream towards the orifice on the other side 


of 1 

eq This last statement must be understood in the sense that 
the con stream lines do not act as an im ent, 
and reduce the actual discharge below the 

quantity. In {one sense the convergence of the “a 


towards the orifice is the cause of the vena contracta, for 
witetiee converging stream lines the in the 
not be kept up; on the other 


honed welier could bn flow take place, be dh the whole 
question would colla 
Scope and each of 


My argum 
the vein contracts for 


some distance shah of tee wollen, ak that, therefore, 
the velocity increases for the same distance. 
pe.) a oe tale fo is a law of nature that 


nothing but 
on one side of a than on the other 
Sa alter Stet ite velocity. 
8. It follows tha’ ‘there must be 


internal in the 
bregamica. vein, which gradually diminishes throughout 
con’ 
Haven xpves ob tis Sirtiin Syerrenne Wy can reverse 
re 3 aa 
We are certain that there is in all the contracting part 
PBs daca peuy wtb bours decreasing pressure 


we hg that the dea ust prod: 
. We the decreasing pressure m uce 
increasing velocity, which must produce gradual diminution 
of the section of stream. 





8. We know that nothing but decreasing pressure can 
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= 
the increase in the velocity which is essential for 
the vein 


contraction Ls 
4. It follows that the convergence of the stream lines to- 
wards the orifice cannot be the cause of the vena contracta 


: 
i 


giz 
Fos: 
ze 
3 
2 
= 
: 
st 


suppose, 
proved to the contrary, that the 
produces the diminution in 
AB of the stream. 


In this ing I have left out of 
account s small. effect that would be 


| 


A 
az 
4 
g 
2 
3 





g <a 
piel 
het 
oie 
Ey! 
i 
“38 
at 
3 

e 

. 

‘ 

3 


effect produced. 
t has tre said here on the sub- 


, there is experimental proof that the rushing of the 
iquid particles towards the orifice does not appreciably, if 
at all, cause any obstruction to the flow. 

The er of Venturi showed that water flows 
through the vena contracta at about 97} per cent. of the 
velocity due to the head, which shows that an orifice in a 
thin —_ is within a little of being a perfect arrangement 
for harging water withont loss, in place of causing 
about 35 per cent. of loss as is gnecally exppseel, for if 
there were anything of the nature of obstruction to the 

iy | most certainly be exhibited in the loss of 
efflux. 


f 
: 


ei 


If e potential work in a mass of water 
7s height h ele. bited being ea ot tee an 
mass of wa’ uires in isc! rom a 
head h, it follows that there has been very little obstruc- 
tion to the flow. The fact is that with an orifice in a thin 
plate nature is allowed free play, takes her own course, 
and when we come to look at it, a very natural and almost 
the only conceivable course; she produces part of the 
velocity on one side of the orifice and part of it on the other 
side, but to call that ment obstruction, and to say 
that nature would have shown herself more of a mathe- 
matician if she had arranged to do all the work on one 
side of the orifice, seems to me to be B ey «J unwarrant- 
able; and I heartily thank Mr. Froude for demonstrating, 
in mathematical , the fallacy of the reasoning by 
which these conclusions were arrived at. The inversion 
of reasoning that has taken place with regard to the 
pen 9 Fal these remarks is something quite unique and 
complete. 

First of all a theory is adopted, which makes out that a 

amount of work should be done; then a double- 
headed phantom is invented to do the proposed work ; then 
because the work is in reality not done, it is argued that 
that arises mainly from the fact that the phantom is in 
such a hurry to do its work that it trips itself up and 
blocks up the orifice it is trying to get through. Finally, 
the convergence of the stream lines towards the orifice 
which is absolutely necessary for the very existence of even 
a shadow of the tom, is accused of creating so much 
obstruction on t side of the orifice as to cause a large 
amount of work to be done on the other side of it. 

In eg mp about 60 per cent. of the work of producin 
velocity is done outside of the orifice, and this work is tri 
to be accounted for by obstructions on the inner side of it. 
To me this seems one of the most astonishing conclusions 
to arrive at that could possibly be conceived. 


APPENDIX. 


When it is stated, as is generally done, that the experi- 
mental discharge through an orifice in a thin plate is about 
five-eighths of the theoretical quantity, this must mean, if 
it means anything, that about three-eighths of the theo- 
retical power is lost by obstructions which theory 
does not take into account. A similar remark applies to 
throngh tube ing sede the ecten! ae i 

a P inwa’ © acti isc is 
about of toe thaorefionl quantity, which must mean 
that in this about half the theoretical power is lost. 

Sir William Thomson b ht before us four weeks . 
and accepted as correct, the s of Mr. Froude about the 
latter case. According to these views ing the case of 
an introverted tube, the theoretical ing force has 
been hitherto assumed to be double'that which a true theory 
would give, and by making this alteration it is found that 
the theoretical vena contracta and discharge nearly agree 
with the experimental ones. 

If this is correct then there is no loss whatever from the 
con of jhe acon Ss SS Gone, re of, _- 
ge considered, being a’ power lost, 
and, 4 fortiori, neither is there any loss in the case of an 
orifice in a thin plate where it was supposed that three- 
— of the J tet was lost. 

he t ek a has pe one i case, I * 
in the general in the pamphle to in my paper. 

in including too much, but if so, then 

mes yo if this be so, 


ho po mapinns botmeen the tt. ere 
o rational been 
teas of about thrvesighthe ef tha pover asserting te aoe 


Perimental results ; when some one has done the same with 
Neary ap ae Obed gethrr pede g peo! — nog 
which is the right one, if er is right; but if neither is 
right, then if mine is as it has been called “‘a monstrous 
absurdity,” then the common one must be a much more 
monstrous absurdity. 





BOILER EXPLOSIONS. 


Tue Manchester Steam Users’ Association have sent the 
following communication to every member of Parliament 
with the hope of arousing attention to the present sacrifice 
of human life from steam boiler i securing 
legislative interference. The recent occurrence of four ex- 
— within less than a week, the first on Monday, 

arch 27th, at Pendleton, laying the greater ion of a 
large works in ruins, the second on Tuesday, the 28th, near 
Glasgow, \from a locomotive boiler, killing 3 ns and 
injuring 9 others, the third on Wednesday, the 29th, at 
Smethwick, injuring 12 persons, and the fourth on Thursday 
the 30th, near Rochdale, shows the importance of this sub- 
ject and Soouy of perseveringly calling attention to 
it until some practical measure is adopted for the prevention 
of such catastrophes. 





The Manchester Steam Users’ Association, for the Preven- 
tion of Steam Boiler Explosions, and for the Attainment 
of Economy in the Application of Steam. 

Offices, 41, tion-street, Manchester, 
a fo 24, 1876. 

Mr. L. E. Fletcher, Chief Engineer. 

Sir,—May I request your attention to a resolution, given 
on the fly-leaf of this letter, which was passed unanimously 
at ageneral meeting of the subscribers to this Association, 
and refers to the sacrifice of human life from steam boiler 
explosions. 
rom the year 1865 to 1875 inclusive, 579 explosions oc- 
curred, killing 684 persons, as well as injuring 1093 others. 

This A tion was founded in the year 1854 by the late 
Sir William Fairbairn, C.E., F.R.S., LL.D. &., expressly 
for the pur: of preventing these catastrophes, bes it has 
at iderable expense investigated nearly all the explosions 
that have taken place throughout the country from time to 
time, with a view of arriving at their cause and showing how 
they might be prevented. Some years ago boiler explosions 
were thought to be mysterious in their origin, and that they 
must be accepted as unavoidable concomitants of the use of 
steam. Experience however has proved that this view is not 
correct. Steam boiler explosions arise from very simple 
causes, and may be prevented by the adoption of competent 
periodical inspection, as has been shown by the success at- 
tending the working of this Association with its own mem- 





Seeing therefore the gratuitous sacrifice ef human life year 
after year from steam boiler explosions, the Association has 
come to the conclusion that Governmental interference in the 


urges the institution of a searching iuvestigation in the 
event of every explosion, whether fatal or not, so that the 
responsibility may be brought home to the right party in 
every case. This inquiry should be coupled with the publi- 
cation of the results, which, as explained in the resolution, 
would, it is thought, prove a wholesome stimulus to all 
those connected with the use of steam. 

I cannot but think that so simple a measure must com- 
mend itself to your approval, and would beg your best con- 
sideration of the matter. 

The Association has devoted many years’ attention to the 
subject of steam boiler Oy yen and any further informa- 
tion you may require will be very willingly accorded you. 

I have, Sir, the honour to be, your obedient servant. 

Hvex Mason, President. 


Copy of a Resolution passed at an Annual Meeting of the 
“General Body of the Subscribers to the Manchester Steam 
Users’ Association, held in the Town Hall, Huex 
seers Esq, in the chair,on Tuesday, March 2\1st, 


No. 2, Resolved, That this meeting re with satis- 
faction the fact that during the year 1875, as in previous 
ones, no explosion arose from the boilers teed by this 
Association, but it hears ‘with regret that during that year 
the number of persons killed by explosions from steam boilers 
outside its ranks exceeded the average of the past ten years. 

a ao Goon —_ explosions are not m ious 
in their origin but are in the great majority of cases to 
the unfitness of the boilers for the work they are set to do, 
this meeting considers it incumbent upon the Government to 
interfere in the interest of the public safety, and would urge 
upon it to institute a thoro impartial and competent 
court of inquiry which should make a searching investiga- 
tion in the event of every steam boiler explosion, whether 
fatal or not, so that the onus may be ly brought home 
to the right party in every case. 

Such an investigation, coupled with the publication of a 
clear report thereon, would, in the opinion of this meeting, 
tend to stimulate boiler owners, boiler makers, boiler 
minders, oiler inspectors to a due sense of their r: - 
sibility, and to a vigilant di of their duties, and, in 
this way it ventures to hope, so reduce the number of 
explosions as to render any further legislation on the subject 
unnecessary, 
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FOREIGN AND COLONIAL NOTES. 
Bridges on the Philadelphia and Reading.—Models are 
i for the United States i ibi 


tion of various 


Reading Railroad Company its ® 
are about 17 ft. long and 2ft. high. One is a truss bridge 
on Foreman’s patent, and the is a bow spring. 
Detroit.—Detroit, the leading “ city’ of Michigan, ap- 
pp D ing on with id strides. In 1854, it 
a population of 39,426. In 1 the number of inha- 
bitants had expanded to 53,170; and in 1874, to 101,255. 
Belgian Rails.—In January this year, Belgium ex- 
po only 2000 tons of rails, as compared with 2900 tons 
in January, 1875, and 6000 tons in January, 1874. 


Permanent Way on the Baltimore and Ohio.—Durin, 
the past year 295,039 new cross ties, 4677 tons of iron, an 
5526 tons of steel rails were used in repairing and con- 
8 ing additional tracks on the main stem of the Balti- 
more and Ohio Railroad ; 21,543 cross ties, 350 tons of steel, 
and 113 tons of iron rails on the Washington branch ; 65,792 
cross ties, 295 tons of steel, and 2390 tons of iron rails on the 
Parkersburg branch ; 77,259 cross ties, 3457 tons of iron, 
and 1042 tons of steel rails on the Central Ohio division ; 
42,082 cross ties, 2934 tons of iron, and 47 tons of steel 
rails on the Lake Erie division; and 18,665 cross ties and 
749 tons of iron rails on the Newark, Somerset, and Straits- 
ville division. 


The Albert Bridge.—The construction of the Albert 
Bridge across the St. Lawrence near St. Helen’s Island, 
Montreal, has hung fire for some time past. Some gentle. 
men in Montreal are stated, however, to have now decided 
to form a company to carry out the work. 


Belgian Coke.—The exports of coke from Belgium in 
January this year amounted to 42,000 tons. The corre- 
sponding exports in January, 1875, were 42,000 tons, and 
in January, 1874, 40,000 tons. 

Northern of Spain Railway.—By the close of this month 
the permanent way of the Northern of Spain Railway is ex- 

to be fully re-established as far as Hendaye, with the 
exception of the Olozogoita bridge, the repair of which will 
involve a considerable amount of labour. Already the train 
service recommenced between St. Sebastian and Tolosa, 
and it will soon be resumed as farasIrun. The Govern- 
ment is assisting in the restoration of the line. 


Bombay, Baroda, and Central India Railway.—Mr. C. 
Currey, t for the Bombay, Baroda, and Central India 
Railway, has left Bombay for London to assume the duties 
of secretary of the company, in succession to Mr. J. A. 
Baynes, deceased. Mr. Mathew, the company’s chief en- 
gineer at Bombay, will in future act as agent to the com- 
pany in that city. 

The American Patent Office.—The receipts of the United 
States Patent Office in February were 74,631 dols. The 
corresponding receipts in February, 1875, were 60,116 


interest of the public safety is absolutely called for, and | dols 


ols. 


American Ocean Steaming.—It is stated that there is 
. = prospect”’ of another American ocean steamship 
e. 


A ~ me Fiji.—The Australian mail to hand - week 
arrangements are in progress for laying a 
telegraph cable from New Zealand to Fiji. 

Mining Casualties in Pennsylvania.—The number of 
fatal casualties recorded in the Schuylkill district in Penn- 
sylvania in the seven ending with 1875 inclusive, was 
735. In this aggregate 1869 figured for 56 fatal casualties ; 
1870, for 129; 1871, for 135 ; 1872, for 92; 1873, for 127 ; 
1874, for 104; and 1875, for 92 


Water Supply of Melbourne.—Mr. Johnson, analytical 
chemist to the Government of Victoria, has p a 
report on the purity of the water in the Yan Yean reser- 
voir. He considers that whatever impurities of an organic 
kind enter into the Yan Yean, the amount is almost inap- 
preciable when mixed with so large a body of water as 1s 
contained in the Yan Yean lake, and that exposure to wind 
and sun also exerts a counteracting influence. 

Ismailia.—Cultivation is extending in the district round 
Ismailia. Every year adds to the pasture lands, as the water 
of the freshwater canal is distributed over the adjacent 
soil. hing looks yellow and sandy, but fine fruits 


markets, show what desert sand can do under the fertilis- 
ing influences of abundant water and genial sunshine. 


Canada Southern Railway.—At a recent meeting of 
the Sarnia Board of Trade, it was that the council 
of the board should communicate with Mr. Muir, the ma- 
Railway, in order to ascer- 
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hism of the Locomotive. M. N. Fornzy, New 
Catechism of the Locomotite. (tte London: E. ond F. 


on. [Price 9s. 
mm. Spe hem” Lefore us is to some extent based 
upon the ‘ Katechismus der Einrichtung und des 
Betriebes der Locomotive,” by Georg Kosak ; but 


although Mr, Forney has been indebted to this|P 


work for the general scheme of his book and for 
much material, yet he has produced a ‘“ Catechism” 
which can in no way be regarded as a mere trans- 
lation of its German predecessor, and which contains 
a large amount of wholly original matter. As 
re the general plan of the work we must own 
that we, as a rule, dislike the catechetical form, but 
we believe that in the present instance it has not 
been adopted unwisely, and that as the author states 
in his preface, ‘‘ it has some very decided advantages 
«in writing for those who have not acquired studious 
‘¢ habits of thought.” 

Altogether the ‘‘ Catechism” is divided into an 
introduction and thirty parts or chapters. Of these 
the first three deal respectively with ‘‘ The Steam 
Engine,” ‘‘ The Forces of Air and Steam,” and “ On 
Work, Energy, and the Mechanical Equivalent of 
Heat,” and they contain well-selected questions and 
clear answers relating to the subjects of which they 
treat. Thenext part introduces the reader to the 
slide valve, and explains the effect of variations in its 
proportions, while following this is a chapter on the 
expansion of steam. Next comesa general descrip- 
tion of a locomotive—this description being of course 
based upon American practice—and then Mr. 
Forney enters into the consideration of details com- 
mencing with the boiler. The chapter devoted to 
the boiler is a somewhat lengthy one, and not only 
describes the general features of a locomotive 
boiler of a standard American type, but also enters 
into a consideration of the mode of calculating the 
strains on boiler shells, the strength of rivetted joints, 
&c, The proportions of boilers for different work 
are dealt with in a later chapter. 

The chapter dealing particularly with .boilers is 
———— by the two next, which treat respec- 
tively of boiler mountings and regulators, steam 
pipes, &c. In both these latter chapters, as well as 
in the succeeding one dealing with the cylinders, 
pistons, &c., the English reader will find descrip- 
tions of many details of American practice of special 
interest, these descriptions being accompanied by 
well-executed wood engravings. Amongst these 
details we may instance the use of a series of four 
or more gauge cocks, the employment of double 
exhaust pipes with a separate blast nozzle for each 
cylinder, the mode of fixing the cylinders (an excel- 
lent plan by the way), construction of coupling 
rods, &c. 

Part XI., which comes next, deals with the valve 
gear, and contains a very full and clear description 
of its construction and action, together with in- 
structions for drawing out valve gear diagrams ; 
while the succeeding part is devoted to “running 
gear,” under which title are included the wheels, 
axle, axle-boxes, springs, bogies, &c. Here we 
— meet with many details of American practice 
of special interest to English readers. Parts XIII. 
and XIV. deal respectively with ‘‘ Adhesion and 
Traction” and ‘‘ Internal Disturbing Forces in the 
Locomotive,” while following them is a chapter in 
which the various miscellaneous fittings of a loco- 
motive are described. Next we have parts deali 
with ‘Screw Threads, Bolts, and Nuts,” “Tenders,” 
“ Friction and Lubrication,” ‘‘ Combustion”— a 
subject which is dealt with very fully—‘‘ The Resist- 
ance of Trains,” and ‘‘ Proportions of Locomotives,” 
and these are followed by a chapter containing a 
series of brief descriptions of locomotives of different 
types, these descriptions being accompanied by a 
number of se ree and tables giving the leadin 
dimensions of the classes of engines illustrated. 

en come a short chapter on continuous train 
brakes, and others on the performance and cost of 
working locomotives, and on water-tanks and turn- 
tables. Next follow chapters on inspecting and 
running locomotives, and on accidents to locomo- 
tives, these containing many practical hints and 
much good advice, while finally we have notes on 
the treatment of injuries to persons, and an enu- 
meration of the quali cations of locomotive drivers 
and firemen. 

Such, then, are the chief contents of the v 
useful little manual which Mr. Forney has produced, 
@ manual which will certainly be read with as much 
interest in this country as in the United States. The 


of subjects with which Mr. Forney has had 
to deal in the compilation of his ‘“Catechism” is a 
wide one, but he has accomplished his task exceed- 
ingly well, and while a ing from entering into 
questions which could only be properly in a 
much a work, he has, on the other hand, carefully 
avoided the error so often fallen into of making his 
explanations too elementary and thus useless to the 
ractical man. Altogether the book is one which we 
can thoroughly recommend to the perusal of those 
interested in locomotive construction and working. 





Euclid Simplified. J. BR. Moruxt, formerly Her 
Maj stn tor of Bahcols London : Henry 8. King 
and Oo. [Price 2s. 6d.] — 


Tue number of Euclids that have lately issued 
from the press is legion. This is an encouraging 
sign, inasmuch as it may indicate a growing move- 
ment in favour of an early acquaintance with those 
Elements, which have stood the test of ages, and 
are to-day the very groundwork of mathematical 
knowledge. We are told that demand creates 
supply; hence we are not surprised that many 
should have racked their minds to find or fancy 
some deficiency in existing text-books, and so devote 
their leisure hours or late lucubrations to the pro- 
duction of a book that may smooth all asperities, 
facilitate and accelerate the progress of the stu- 
dent, nay, all but charm him into a pleasing pro- 
ficiency. ‘These truly philanthropic gentlemen are 
doubtless much amused by the laborious researches 
formerly made after ‘‘the philosopher’s stone ;” 
and while they complacently smile at the simplicity 
of the hardworking alchemist, it would perhaps be 
no harm to remind them that many have failed in 
their toilsome attempts at finding ‘‘ a royal road to 
geometry.” 

‘¢ Euclid Simplified” is an attractive name, 
certainly a catchi (oo but is it anything 
else? e do not deny that—owing to the number 
of subjects that must now-a-days be got up—it is 
desirable to do something towards simplifying 
Euclid; but this—in our opinion—is to be done by 
cutting away repetitions, by rendering the wording 
of the enunciations and demonstrations pointed, by 
substituting a few modern proofs where prolixity 
cannot be otherwise avoided, and perhaps too by 
modifying the sequence of the propositions for the 
purpose of classification, Now to do this requires 
more than mere ability. It requires experience, 
long experience in the class-room. A man who has 
taught geometry with success for many years is the 
only man really fitted for such a work. 

Mr. Morell was formerly one of Her Majesty’s 
Inspectors of Schools, This is certainly a good re- 
commendation in favour of his acquirements ; but 
it is no guarantee that he ever held chalk or pointer, 
Indeed the book before us, although no bad exhi- 
bition of linguistic knowledge, goes far to show 
that the eae rarely used those articles. The 
very name of the book is a glaring misnomer. In 
vain do you look for the well-known traits of the 
Greek geometer; every lineament has yielded to 
the turned stylus of a would-be refinement. More- 
over, the book professes on its title-page to be -— 
a compilation “from the most important Frenc 
works, approved by the University of Paris, and the 
Minister of Public Instruction.” Now Euclid is dis- 
carded in French schools apparently on account of 
his verbiage, and modern geometry has full play. It 
is modern geometry that is required by the syllabus 
of the University and by the ministerial programmes. 
We will not stop to inquire whether this change has 
been altogether for the better, but we must confess 
that we do not see with what consistency Mr. Morell 
compiles from such sources, and then christens his 
eclectic labours a ‘‘ Euclid Simplified.” Whatever 
other faults may be laid at the door of the mathe- 
matician, inconsistency should be the last, 

We would entertain the hope that the volume 
before us is not typical of French books treating of 
the same subject, otherwise we should be reluctantly 
forced into corollaries but little complimentary to 
the geometrical proficiency of French students. We 
have seen many excellent manuals, and if Mr. Morell 
had assumed merely the character of translator, his 
labours would probably have obtained a greater 
meed of success. It is true that his task would 
have been beset with idiomatic difficulties of a more 
formidable kind than he has had to encounter in his 
compilation, and we are notsure that the result would 
always have been satisfaction to the understandin 
or melody to the ear. We are not admirers 0: 


It is 





such novelties as “ anti- els,” ‘‘ homothetic,” 
and ‘conjugate points,” neither can we appreciate the 





prolonged melod 
alternate internal,” ‘inverse centre of 

&e. - As to symbolical work, there is doubtless 
something superfluous in the formula 2% 
which occurs on page $0. The useless sign im this 
numerical expression of Theorem XXIX. (“Buolick 
Simplified,” Book I.) is evidently due to a great dex 
sire of perspicuity—a quality sadly wanting in the. 
enunciation of the theorem, which runs thus: 

** The sum of tho intents enqies of © polzgoe ip ual to 
a many right angles as the figure has ge 

It requires a moment's thought to find out what 
noun is qualified by the phrase ‘‘ minus two.” Not 
more precise is the following : 

“The enunciation of a theorem includes two parts, 
namely, an hypothesis, made in a certain case, and a con- 
clusion which is the consequence of the hypothesis.” 

The italics are Mr, Morell’s. In this piece of 
clear writing, we are told that the enunciation of a 
theorem includes an hypothesis and a consequence 
deduced from the said hypothesis: yet in the same 
breath we are told that'the hypothesis is made only 
in in eases ; so that we are at a loss to know 
from what the “conclusion” must be drawn in the 
outstanding cases. In point of definitions our 
‘« Euclid Simplified” is not happy ; we have seldom 
seen a more hopeless jumble of words than those 
forming definition 33, page 36. The circumference 
of acircle’is there said to be a “‘ plane line of which 
all the points are equally distant from oné same 
point, situated in the middle and named centre.” 

In the preparation of this work—and it is no 
easy task to one Euclid—the compiler’s atten- 
tion was no doubt wholly taken up with those clever 
treatises ong i bey: University of Paris; but 
during all that time Mr. Morell was like a man in a 
foreign country. He is liable to lose somewhat of 
his habitual lucidity and purity of language. . This 
principle may, in some degree, account. for the loose- 
ness of style and obscurity of idea that we have 
pointed out, as well as for such solecisms as ‘a 
place where,” such «cacophony as ‘‘ ex-scribed,” or 
such Gallicisms as ‘‘substraction.” Still one ‘of Her 
Majesty’s Inspectors of Schools, one “would think, 
ought to be well informed upon such-matters. » 

e demonstrations given in‘ this book deserve 
commendation for their brevity. : They are short in- 
deed ; too short we fancy. -In fact many have little 
of the demonstrative about them; atid we would 
feel inclined to reject them as weak and inconclu- 
sive. The most important of the propositions of 
Euclid, Book II,, and several of Book IIL, are 
treated by the method of proportion; yet the 
learner is not even told what is proportion. -He is 
left in complete ignorance of this all-important doc- 
trine, while the subject of Harmonies is carefully 
explained in a lengthy note; nay, more, anharmonic 
ratio is defined, and we are told what M. Chasles 
means by the anharmonic ratio of four points 
situated in a straight line. Would it not be-more 
advantageous to give short definitions of ratio, com- 
pound ratio, proportion, &c., and leave the subject 
of Harmonics for what is called in France ‘‘ Superior 
Geometry”? This is simplifying with a vengeance, 

Having omitted the subject of proportion, it is 
not at all surprising that the treatment of the matter 
contained in Euclid VI. should be unsatisfactory, 
Superficial notions on circular measure, on trans- 
versals, and the numerical value of 7, are also added. 
Seven pages are devoted to transversals alone. The 
derivations: of such terms as homologous, homo. 
thetic, perimeter, capable, &c. (geometry, yy S 
were forgotten), are carefully given either in 
text or in foot-notes. Scraps of information about 

meters, as Euclid, Menelaus, John de Ceva, 
iot, Chasles, &c., are scattered through the book, 

We are afraid that the compiler of this text-book 
sought more to be novel than to be useful. If such 
has been his aim, he may not be altogether dissa- 
tisfied with the success he has achieved. It is im- 
possible to coerce oneself into the thought’ that 
such a book could find its way into schools. ‘Crude, 
indeed, must be the knowledge that any student 
could glean from such a book; and poor would be 
the chance of that candidate who would sit for an 
examination with no other knowledge than that ob- 
tained from “Euclid Simplified.” We sincerely 
hope that such books may not be adopted—they 
would quickly lower our standard of geometrical 
learning—yet we should not quite regret the pubii- 
cation of .‘* Euclid Simplitied,” if it ouly served to 
deter others from obtruding on the world further un- 














successful attempts at simplifying Euclidean geor 
metry. 
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tramway carrying a weighing machine, which can 
thus .be shifted-.alongside any -truck as may~ be 


"ha to 

tools in the two shops of which we have just 
beéh speaking are driven by a vertical non-condens- 
ing engine, A, situated in the middle of the lathe 
and maghine shop, this engine driving a line of shaft- 
ing direct, as shown in the section Fig. 3. The ex- 
haust steam from this engine; as well as from those in 
the boiler machine shop, is led into a line of under- 
ground piping and conducted to a feed-water heater 
situated near the boiler house, while after passing 
that heater the remaining steam is discharged just 
above the sutface of the water in the reservoir shown 
in the. general plan, In addition to the main engine 
just mentioned there are also small vertical boring 
engines at Band C, and another vertical engine at 
D which drives the large planing machine and 
the boring heads. 

The next bay to the erecting shop has a span of 
40 ft., and a portion of it, 120 ft. bn: forms the 
engine smithy and contains a steam hammer and 
fifteen smiths’ fires, The remainder of the length 
of the bay is occupied, as shown by the plan, partly 
by a wing of the heavy machine shop and partly by 
the general stores, these latter extending also into 
the next bay. ‘This next bay is a narrow one of 
only 24 ft. span, and it contains the grinding and 

lazing shop, the stoves for drying cores, the cupola 

ouse, and the coke andiron stores. In this depart. 
ment also are two small engines, the one marked 
E driving the foundry fan and the other, F, the 
foun? crane. - Referring to the section, Fig, 3, 
it will be seen that the. cupolas are provided with 
chimneys, and that the men charging them work 
under cover, a decided improvement upon theusual 
practice. ‘The railway siding, it will be noticed, 
traverses a coke drop at the end of the cupola 
house, 

The foundry, which occupies the next bay, is a 
very fine one, its width being 44 ft. and its nage 
inside peng 288 ft. Of this length about half is 
devoted to heavy work, and is spanned by an over- 
head travelling-crane worked by an endless band, 
while the remainder of the length is used for light 
work, In the foundry for heavy work are two 
wheel-moulding machines, 

We now come to the boiler department of the 
works, this occupying three bays each 288 ft. long 
inside and having spans of 59 ft., 40 ft., and 40 ft. re- 
spectively. The three bays communicate by arched 
openi The first of these bays forms the boiler 
erecting shop and is a remarkably fine shop traversed 
from end to end by an overhead travelling crane 
worked by an endless band, Along one side of this 
shop at 12ft. intervals are a series of rivet fires, 
while two smiths’ fires are provided at one end. 

The middle bay of the boiler department is the 
boiler machine shop, and contains a number of special 
machines designed by Mr. Adamson. Amongst these 
are a series of Mr, Adamson’s horizontal drilling 
machines for drilling the holes in boiler shells. Mr. 
Adamson has long adopted the practice of drilling 
all rivet holes after the plates ne been put to- 
gether, thus securing perfect fairness of the holes 
and producing first-class work. In the machines 
which we have just mentioned, a couple of hori- 
zontal spindles carry drills which act upon a boiler 
shell placed vertically between them, this boiler shell 
being so mounted that after a couple of holes have 
been drilledit can be turned round through a distance 
equal to the pitch of the rivets and another pair of 
holes.drilled, and soon. Besides these horizontal 
drilling machines for shells there are also similar 
machines for flues, a triple vertical drilling machine 
for drilling the flanges of flue rings, a special flue 
ring facing machine, plate edge planing machines, 
&c., and other plant for producing —— work. 
In the boiler machine shop too are three rivetting 
towers, one of these towers being provided with 
two rivetting machines for boiler sb.ells, the next 
with one rivetting machine for shelle and one for 
flues, and the third with a single rivetting machine 
for shells. All these rivetting machines are of a 
special type designed by Mr. Adamson. They are 
cam machines, and are so arranged that the act of 
closing @ rivet raises a weight the amount of which 
is proportioned to the size of rivet to be closed. As 
we remarked on a former occasion when speaking 
of these machines, the lifting of the weight serves 
two purposes, namely, first f limits the amount of 
yoewee Res upon each rivet, and, secondly, it 
y being lifted shows that this desired re has 
really been applied, ‘Thus, if a rivet is too cold 
the machine will not close it, while if too small or 





short it will be closed without the;weight being lifted, 
the fault being in each case indicated. is is a 
feature which is not possessed by any other rivetting 
machine in use, 

We now come to the last shop of the range, 
namely, the boilér smithy. Here are three of 
Messrs. Mellor and Co.’s handy little welding 
hammers, one of which we illustrate on page 295. 
These hammers are exceedingly rapid in their action, 
and are the handiest of their kind we have seen; 
they are now extensively used for welding in other 
shops besides Messrs. Adamson’s. Our illustration 
on page 295 shows also a portable anvil with the 
beak employed in welding up flue rings. In the 
boiler smithy also are boiler end and flue ring 
flanging machines, a rivet-making machine, &c., the 
whole plant being thoroughly complete, and em- 
bracing the most modern appliances. 

Outside the boiler smithy are the boiler houses, 
containing six Lancashire boilers by which the whole 
of the works are supplied with steam, The feed for 
the boilers is drawn from the reservoir shown in the 
general plan, this reservoir receiving the whole of 
the rain water caught by the roofs of the various 
shops. In arranging the gutters, drains, &c., Mr. 
Adamson has been careful to provide for the whole 
of the rain water from the roofs being promptly 
conveyed to the reservoir, and as the latter affords 
ample storage, and the roofs of the works expose a 
very large collective area—about 100,000 square feet 
—by far the larger proportion of the total water 
supply required is obtained from the rainfall, the 
remainder being made up from a small adjoining 
stream. ' 

We have now completed our description of 
Messrs. Adamson and Co.’s works, and our readers 
will, we think, agree with us that they form a 
fine example of a modern engineering factory, and 
do credit to their designer. Mr. Adamson has 
always had a reputation for advanced practice in 
boiler making, and his factory contains all the 
appliances for turning out high-class work. 
Amongst other things Mr. Adamson has long 
advocated the use of steel for boiler making, and he 
has now turned out nearly 900 boilers of that 
material, some of these boilers having been con- 
structed for Messrs. Platt Brothers, of Oldham, as 
long ago as 1857, and being still at work. Amongst 
the work now in hand are twenty-four steel 
Lancashire boilers 30 ft. long by 7 ft. in diameter 
for Messrs. Bolekow, Vaughan, and Co.’s new steel 
works at Middlesbrough, these boilers being in- 
tended to be worked at 80 lbs, pressure. Mr. 
Adamson is also making the Bessemer blowing 
engines of about 300 horse power for the same 
works. Inconclusion we append a list of references 
to our engravings, which will give a more complete 
idea of the plant which the works contain. 


REFERENCES TO GENERAL PLAN OF WORKS ON 
Page 290. 


Lathe and Machine Shop. 
1. Shaping machine. 
2. Surfacing lathe, 
3. Sliding and surfacing lathe. 
4 and 5, Sliding, surfacing, and screw-cutting lathes, 
6. Screwing machine. 
7. Surfacing lathe, 
8, 9, and 10. Sliding and surfacing lathes. 
11, 12, and 13. Drilling machines. 
14. Centring machine. 
ida. Sliding and surfacing lathe. 
16 and 16. Sliding and surfacing lathes. 
17. Screwing machine. 
18. Grindstone. 
19 and 20. Stud finishing lathes, 
20a. Ditto. ditto. 
21. Slotting machine. 
22. Slot-drilling machine. 
23. Screwing machine. 
23a. Ditto. ditto. 
24. Hand-turning lathe. 
25. Surfacing lathe, 
26. Sliding and surfacing lathe. 
27 and 28. Shaping machines. 
29. Sliding and surfacing lathe. 
30. Sliding, surfacing, and screw-cutting lathe. 
30a. Ditto. ditto. ditto. 
31. Shaping machine. 
3la. Slotting machine. 
32. Sliding, surfacing, and screw-cutting lathe. 
33. Grindstone. 
34 and 35. Sliding and surfacing lathes. 
85a. Sliding and surfacing lathe. 
36. Grindstone. 
37, 38, 39, and 40, Sliding and surfacing lathes. 
38a. Ditto. ditto. ditto, 
41, 42, and 43, Planing machines. 
44. Sliding and surfacing lathe. 
45. Sliding, surfacing, and screw-catting lathe. 
46. Boring machine. 
47, Sliding and surfacing lathe. 
48. Drilling machine. 
49 and 50. Sliding, surfacing, and screw-cutting lathes. 
Erecting Shop. 
51 and 52. Heavy face lathes. @ Shop 
53. Radial drilling machine with drilling pit. 
54. Slot-ing machine. 
55 and 56, Sliding and surfacing lathes, 





57 and 58, Heavy face lathes. 
59. Heavy duplex planing machine. 
Radial machine 


60. ° 

61, 62, and 63. Boring heads, 

64. Grind: ° 

65. Radial drilling machine. 

66. Portable weighing machine. 
Engine Smithy. 


67. Loam mill (for foundry use), 


68. Steam hammer. 
Cupola House. 
69. Cupola and smiths’ fan. 
Foundry. 


70 and 71. Wheel moulding machines. 
Grinding and Glazing Shop. 
72, 73, and 74, Grinding and glazing machines. 
Pattern Shop. 


75. 
76. 


Band saw. 

Circular saw. 
77. 
78. 
79. 
80. 
81. 


Face lathe. 

General joiner. 

Lathe. 

Hammer shaft turning lathe. 

Testing machine for plate and rivet iron, 


Boiler Machine Shop. 
Grindstone. 
Radial drilling machine. 
Flue ring drilling machine. 
Punching and shearing machine. 
Grindstone. 
87. Donkey engine for testing boilers. 
8, 89, 90, 91, 92, and 93. Horizontal boiler shell drilling ma- 
chines. 
94. Flue ring drilling machine. 
95 and 96. Horizontal boiler shell drilling machines, 
97. Punching and shearing machine, 
98. Boiler plate edge planing machine. 
99 and 100. Boiler shell rivetting machines. 
101, Vertical flue ring rivetting machine. 
102 and 103, Boiler shell rivetting machines. 
104. Grindstone. ; 
105. Boiler plate edge planing machine. 
106. Boiler plate rolls. 
107. Special flue ring tarning machine. 
108 and 109. Flue ring drilling machines. 
110. Boiler smiths’ fan. 
111, 112, 113, and 114. Flue ring drilling machines. 
115. Triple drilling machice. 
116 and 117. Radial drilling machines, 
118. Boiler plate bending rolls. 
119 and 120. Horizontal boiler shell-drilling machines 
121, Grindstene. 
122 and 123. Horizontal] boiler and shell-drilling machines. 
124. Boiler plate bending rolls. 
125. Punching and shearing machine. 
126. Angle iron cutting machine, 
127. Large weighing machine, 
128. Boiler smiths’ fan. 
129, Boiler end flanging machine. 
130. Flue ring aes 
131, 132, and 133. Flue ring welding hammers. 
134. Rivet-making machine. 


82. 
83, 
84. 
85. 
86. 


Engine Smithy. 
1 to 15, Smiths’ fires, 
léa. Case hardeniug furnace, 
Boiler Erecting Shop. 
16 to 37. Rivet-heating fires. ay Hep 
38 and 39. Smiths’ fires. 
Boiler Smithy. 
40 and 41. Rivet-heating furnaces for rivetting machines. 
42 to 47. Smiths’ fires. 
48. Circular flanging fire 
49 to 64, Smiths’ fires. 
65. Circular flanging fire. 
66. Boiler plate heating furnace, 
67. Smiths’ fire. 
68 to 70. Welding hammer fires. 
71. Rivet iron furnace, for rivet-making machine. 


Letter Marks. 
A. Vertical engine for engine shop, 
B. Small vertical boring engine. 
C A 


D. Vertical engine for planing machine and boring heads, &. 
E. Foundry fan engine. 
F. Foundry crane engine. 
G. Vertical engine for boiler shop tools, 
H. Boiler testing apparatus, 
I, Vertical engine for boiler shop tools. 
K, Small engine for driving rivet-making machine. 
L. Donkey pump for feeding boilers. 
» water tank. 
ilers. 


” ” 


Ze 


O. Boiler shop crane engine. 
THAMES TIDES. 

WE have been furnished by Mr. J. B. Redman— 
whose letters on the subject of Thames tides have 
frequently appeared in our columns—with the 
following facts bearing upon the exceptional con- 
dition of certain portions of low-lying London subject 
to periodical overflowing. Mr. Redman desires the 
attention more especially of large wharfingers and 
river-side manufacturers to show that they may be 
able to advise the occupiers of small houses in their 
neighbourhood so that some of the panic, anxiety, and 
useless expense of providing for a tide not likely to 
exceed the estimates height, might be avoided. As he 
points out, no better guide could be wished for 
than the Admiralty Tide Tables, the columns of 
heights in feet and inches in which are above low- 
water springs, which for London is 20 ft, 1 in. 
below Trinity. So that amount deducted from the 
larger figures gives the height above Trinity the 
tide may be ex to rise any day. During the 
March spring tides, the calculated height was only ex- 
ceeded by from 3 in, to 5in.; next September the 
maximum calculated height of the year occurs, viz., 
on the 19th, of 18in, above Trinity. The weather 
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during the March springs was not of a character 
to raise the tide, but if a heavy gale from west to 
north, such as those during the two remarkable 
Sundays of 14th November last and of the 12th March 
occur, we may calculate on a yard vertically to be 
added to the Admiralty figures, In illustration 
of this the following tides with their causes and 
results may be compared. 








Above Ad- 
Above 
miralty es- . 
use gurnity, | timated Wind 
Range. 
ft. in. ft. in. 
March 20,1874 ...| 4 6 23 (IN.W. 
November 15, 1875 49 3 3 |Great W. gale. 
March 13, 1876 3 9 26 Gale, W. to N. 














~ The practical effect is that 4 ft., hitherto adopted 
as the standard wharf height, now requires raising to 
aminimum of 5 ft. above Trinity. November’s tide 
was intensified by another separate and independent | ¥ 
phenomenon, viz., the unusual flood, meeting it; to 
what extent this ‘affected this particular tide is. of 
interest, for it will be seen that, although only 3 in, 
higher than the great tide of the 20th of March, 1874, 
supposed at that time to be the highest on record, 
it was relatively 12 in. higher comparing the excess 
over the Admiralty calculated ranges, ere 


and sanitary view. These results are attended, 
however, by the comparatively lesser evils arising 
from the non-embankment of the low-lying portions 
of the metropolis—evils which, as these tidal im- 
rovements are developed, will be intensified year 
year, if not met by some well-considered ‘ma 
comprehensive measure. 





CASTING SIEMENS-MARTIN STEEL. 
On Improved Canine Arrangements for the Siemens- 
»osMartin Process.* 







By CHAEL Scott, London 

THE great in the steel trade, which set in 

some time ago, ealled forth efforts to diminish the cost 

of production lo’ improve the processes and ap tus 

emplo < and with this view that the po or de- 

sign the arramgpmeents to be described in the following 
pa 

ots, such, for ppempltres as those from which rails are 

Seg Na ive ordingaly boo gost hy ailing a ladle with steel 

from the ie over each mould, and 

so filling them in ee or when the ingots were to be 


run from below, by keted the _—— over the git through 


(ken me a were charged a chencil 
ees. errangemen p 

Seeman, es toonkis baws be wwé been set upon a revolving 

table, a ih is moved round-so‘as to bring one mould after 

another under th@vend:of a comee communicating with the 


furnace, until t 
There is an + 2 ladles, viz., that the 
if run direct from the 


metal is more the 
furnace ; but on* rather hand, there are numerous disad- 


vantages. Ph 


of the rare and exceptional initial con tions © Amongst the tnnoes prominent are the following: The 
ducing it—a great west gale of unus Hotenioa i et | cooling of the metal, the roduction of skulls, and, as some- 
by an almost unprecedented land respecting | times rete - el Leas, “stopper does not _work 
which it has been estimated by Fs. Byler ina Lc cag loavintiaaink ii the £ dee th to centr tk 
paper lately read at the Institution of Civil Engineers | pg ured, a ito a loss of manganese. The compli- 


(to show the impossibilty of providing; reservoirs) 
that storage would be required for 160;000, 000,000 
gallons, or for 714,285,714 tons. 

Mr. Redman estimates this extraordinary quantity 
as equal to from three to: four times the daily, 
coliag tidal volume from ote | n to Graves-.| removal 
end, The gau uging of the winter flood of 1875, as 
taken at the Albert Bridge, r, by Profeteur 
Unwin, of Cooper's Hill Co » amounted to 
14,102 cubic feet per second, or to 33,723,925 
tons daily, so that Mr. Symonds’ estimate of tora 
would be for 21 days of the greatflood. The o 
nary winter flood at Windsor amounts to 764 cubic 
fest per second, or to 1,798,392 tons daily, or to 


iz rajth of the great flood of 1875, while the ordinary 


daily discharge at Teddington is 3,250, 000 tons, 

At Kingston the maximum discharge occurred 
in 1866 as givén by the Water Supply Commission 
amounting td 8;000,000,000 ons. daily, or to 
35,714,285 tons. Other floods of 5,000,000,000 
gallons to 6,000,000,000 gallons occur, or of 
22,326,785 to 26,765,784 tons daily. Now the or- 
dinary tidal yolume above bridge Mr. Redman 
estimates at: 

14,750,000 tons, and below to 





Gravesend 92,750,000. ,, 
“| 407,500,000. ,, per tide 





500,000 »» daily including 50 per 
cent, added to’ the above quantity for equinoctial 
springs or exceptional tides due to great gales. 
So that the land flobd water may be said to equal 
one-ninth of the tidal water, or rather one- 
eighteenth, as‘one half of the land flood passes off 
with the-tidabebb. Thus 3 in. to 3} in. of the 
great metropolitan tide of 4 ft. 9 in. above Trinity 
may be due'td' land flood, i.c., of the 3 ft. 3 in. above 
the Admiralty calenlated range. 

The causes of ‘these end tides may be thus 
summarised. Thefirst and chief, the removal of 
Old London os raising high water Gin, to 12 in. 
above bridge and Jowering low water 8 ft? to 5 ft. 
above, Pig rer accompanied by a lowering of 
the bed jp B Teddington. Next the systematic 
dredging of shoals has brought the tidal low- 
water channel higher and higher ap the river. Forty 
years back high water fell above. 
even after the removal of the old bridge. 
at Battersea. ‘The tide now makes a level pond up 
to Teddington. The modern embankments. have 
raised high water 4in. to 6 in. higher in addition to 
the above, 

These combined causes of slow and gradual oper- 
ation, during nearly half a century, have added some 
33 per cent. to the above bridge tidal volume operat- 
ing twice every 24 hours, thus showing how altered 
is now the metropolitan condition of the river and 
how great are the beneficial resu‘ts in a commercial 


Gin. to 12in.! 


London Bri +) 


n of and having machinery to be moved 


whilst “oe ther of a _—— or spill of molten metal 
ted by the difficul 


during the of 
saya the aoietg is cages of the on whieh tive 
naire apg goel Abc wy aes ially of relining the 
ladles, the og egg the imperfect for 

oe See to which the men are ex- 
to the nconvanace o te tus close to 
oa Frag Eo of working, but when 
ies aoedton t with five-ton fur- 
naces, and are still, Sa furnaces re- 

er eke lary gpa 


“The system of. castin ts from below in groups has 
been adopted to a considerable extent—in Bessemer works, 
and with notably good results, for the ingots are free from 
splashes and are more sound, and with moulds closed at the 


are cleaner, and stoppering i saved. Moreover, the in- 
being uniform in size, be uniform in weight, 


¢ here arises the vera Ad runhing the metal at a 
suitable and uniform heat, which, if not effected, amongst 
disad follows a variation in the density 


and weight of the or 

Again, the metal has often to be cooled by the addition 
of scrap before pouring, and although the moulds last 
longer when casting from below, the dg hey if of iron, 

is likely to be cut by the hot metal, and ed with loam, 
it gives much trouble. The horizontal runner bricks also 
have to be du oat ond se tulhicetall I toca, red ey there is 

a risk, es escaping 
pre ee rom the git und fooulda” 

In works where the Siemens furnaces are em- 

y onting from below has not 80 generally 

arises chiefly from "tho metal cooler 

fine tel sectaced by the Bessemer annauner. proceen, 90 so that it does 

not run so freely through the small formed by the 
runner bricks. 

In other oie. sagpeste, the met from aatatere mae ee 
bei a at a more eq ure, 8 
peing Hoe ted to running ingots from below than metal 
from the Decsomer converter, and if the obstacle arising 
from confined passages were removed, the author talloves 
that excellent results would be obtained. 

It may be said that an obvious way of overcoming the 
difficulty just mentioned would be'to raise the iprersvare 
of the steel, but this would be a most undesirable thing to 
do, a it would damage the furnaces and moulds, waste 
the f 

The wathor’ 8 pen has been, 


eg er Batecing it below it below 
the limit that will produce soapa 
working tem; comsiers that at ait 


ood results Fined caine without 

. Tt follows from what has ei yeare gen very te most de- 

i course ould bets run the whole contents of the 

furnace by one channel direct into the moulds, and to do 
as 


nearest approach to this b use is the method of 

Eee: chloe ot ead woos it a0 any oe iat ot 
a 

least two groups would be required even for Laery seote, 

and in many cases more, and time would -be 

shifting from one set to the other. 

Then, if there should be several groups, this would in- 
volve the oon of pre ring and rene several sets of 
runners, gits, & an additional vantage attend. 
ing the ialtiplication of runners and io is found in the 
ohaenog: we ap ts proposed by the author 

now e arrangements prop pro e author, 
it will be seen that the largest charges sould be tn take 











* Paper read before the Iron and Steel Institute. 





one central git, in connexion with a sufficient number of 
moulds, to take the whole metal, fill every mould exactly, 


and provide space for the surplus w which 


Upon a base plate mounted upon pe which run 
rails laid in the bottom of PB oe aa a somber of 
moulds are ranged round a central 


Each mould communicates near 
by means of a runner pipe of fire! 
The central git is a tube of firebrick, in some instances 
cased in iron, probably boiler plate, bent to fit the brick 


£ bottom with the git, 
brick. 


tube, both tu woos'y | iron casing being divided longitudi- 
nally into two or more parts, the joints in the brick tube 
ite the solid of the casing, and vice versd. 


The gies 


git is tapered both inside mhew outside, Seager 
in diameter at the lower end, and the parts of which i 
formed are secured er by elastic hoops forced from 
above along the ta exterior. 

These hoops are rings of iron or steel, made to the shape 
of the outside of the git, with portions ¢ A ng periphery 
bent into loops that can yield or spring a li 

When prepared for use, the git is mJy ab the top with 

the lovel ‘head, having a side spout situated a little ta 
the level of the tops of the s mo 
spout is directed over a spare mould, which does’ not Sno 
municate with the bottomof the git. 

The object of this ent is that as a surplus of 
metal must —— be provided in order to insure the com- 
plete fill — of the moulds, the spare mould would be a 

e for the residuary metal. 

a platform we soy «Be! the moulds and git being run 
up near to the m furnace, sufficient space, however, 
being left for a tac 6 box, a spout lined with firebrick, or 
other suitable material, is so as to extend from the 
tap hole of the furnace to the feed hand of the git. 

On first tapping the furnace, a metal plate is held in an 

inclined position over the Pe ige! end of the spout, so as to 
direct the first material from the tt eine og & —_ into 
the slag box, but as soon as the me 
plate is withdrawn, and the metal then ae Ay pmol the 
spout to the enlarged head at the lower extremity, where 
= = cinder as may be carried with the metal floats upon the 
8 

The stopper i in the enlarged head of the spout then 

tn metal ows down the it charging the mo ids to 
the top, after which the surplus metal flows into the spare 
mo 


‘As soon as the flow of metal from the ceases, 


furnaces 
is a ie i se gett , and the slag runs‘down 


into the slag 

It will be seen that from the time the metal begins to run 
into the moulds, there is no machinery to be moved, in fact 
nothing be done and, therefore, but little risk of a hitch 
the operation of casting. 

The = having been removed, the platform 
the charged moulds is wheeled away from the hen 
the furnacemen relieved from the 


bepbat Sp cannes ont, and the ingots remo 
The central git is taken to pices, the base is divided into 
three parts, the lower half being in one piece, and the upper 


mesnoet = 
ag. PEE STF 
the Hel dling the git and runners can be 


lifted up and 
carried away. 
, The surrounding the base of the git and runner 
ad enoag ane ‘Solio’. Sn. fhe, baee ota: | When 
sand, all joints are enveloped secured 
to prevent the escape of motal yen should tho pipes be 


When casting ep PS may ‘be. rammed 


othe ened a put on Pi 
cen of refractory material, 
Bere, cog ges ger if-a large 
itn ir passed bet ber as would certainly be the case 
an iron git were 
be observed that there is a firebrick lump’ 
x. the bottom of the whieh. when using moulds 
closed at yo top, yous ord. double att of 
and of ne ie fower edges. of hors Age jet 
fregemnth pore 


of egate hn the hig pads “it ag i 


whit poe bape ater PReesen, 
pe Seal what is uired becomes 
pe { rei ong trate techn i either this mus t be 
sated i, or si lds, it is nies that the 
mo "slastic 
should bs Heme together hoops, but the a’ 


does not propose to discuss the oeationtbe of moulds on 
ms payed oottine' the central git would f ingot 
in the ce: git would form an 

of oat dimensions, and the horizontal runners would be 
of such size as to be available for many purposes. These 
runners being cast under considerable head or pressure ought 
to be sound, and they would be clean cas 

The slag box usher the tapping hole the furnace is 


arranged so as to be lifted b; a crane, and placed upon a 

truck, to which it is attacha hinged joints at one of 

its- lower corners, anda barrel wor ti tach te 

at the other side of the truck, with c attached to the 
le of the box below the barrel. 

“ben the truck has been wheeled to the site for ti 


vit: 

gen yond th, peg ta 
is drawn back and lowered into its normal position onthe 
Such is a brief of the author's plan, which, be 


an moe et el afford advantages:not pre- 
Teopeed pparaas rare noalteration in odiary 
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DUPLEX PLANING MACHINE AT MESSRS. D. ADAMSON AND CO.”S WORKS. ’ 


CONSTRUCTED BY MESSRS. COLLIER AND COMPANY, ENGINEERS, MANCHESTER. 





casting pits—ladles would be abolished—the débris arisi 
when clearing the tapping port, and any cinder which a 

at first id not into the spout, whilst provision is 
made for instantly ing the direction of flow from the 
furnace, when all the metal is out, and directing the mass 
of the slag into a suitable receptacle, while the construction 
and working of the whole is simple and inexpensive. 

points are not unimportant, for if the run of the metal 
requires to be sto , as in the event of changing from the 
filling of one mould or group of Ids to ther, then, 
although not so large, a ladle is still required to contain the 
metal ing continuously from the » whereas in 
the author’s plan there would be no la to con- 
tinuous flow into the moulds. No doubt the dimensions of 
the ladle could be diminished by reducing the flow from the 
furnace, but according to the author’s ideas, this is the very 
thing to be avoided, for the more rapidly the furnace is 
emptied the better. 








THE WATER SUPPLY OF IQUIQUE. 
To rue Eprror or ENGINEERING. 
Srr,— Will you kindly allow me a small space in your 
— issue, in which ba sage ay > my letter of 
week respecting the water sup me. After 
iting ‘‘ the railway com ey ere per my 
require at least 24,000 olives of water for their mo- 
tives alone, this quantity at a cost of 1} cents per gallon 
will amount to about 701. per day, or 21,8401. a year of 
$12 days,” I ought to have continved, and hauling the 
same as dead weight along the entire h of the line 
costs the company as much as they earn by hauling five 
paying nitrate cars each day, which is about 251. per car, 
0 


re 255x312 +21,840=60,840 sterling a 
year, and 46,2801. of this sum would be saved by taking 
advantage of the supply from spri in the mountains, 


which will not cost them more than 14,5601. a year. 
I am, Sir, your obedient servant, 
J. CLEMINSON. 
30, Wincheap, Canterbury, April 11, 1876. 





To Tas Eprror or ENGINEERING. 

Srr,—Mr. Cole’s reply to 7 letter would lead your 
readers to believe that the idea of conveying water in pi 
to the port of Iquique, is his own. A long before 
Copesmere > | af samy Capertee then 
resident engineers of the railway to convey water 
Pampas, and at least a year before Mr. Cole was em 
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(For Description, see Page 291.) 
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character, and I have no doubt the gentlemen who; Mr. Cole now admits is at least half the value as = 

the concession above alluded to will look after their | pa ph in your issue of the 10th March, I can © ly 
interests. add that coals last year in Iquique were sold from 9 to 

Mr. Cole’s remarks, respecting the railway, are con- | solesper ton. Freights from Cardiff or Newport — 

trary to facts, the number of mules now daily visiting | for more than a year 20s. per ton, and taking the price 0: 

the port is not by any means the same as stated by Mr. | best steam coal at 12s. I my statement was a correct 











Cole ; one water house had closed its doors one. . , + 
year owing to the com from Areca and the decrease 4 I am, Sir, your obedient servant, . 
in consumption of water. As tothe price of coal, which | April 10, 1876. GroRcE Buss. 
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TRIP-HOOK FOR TUG-BOATS. 

An inquiry having reached us respecting the trip-hooks 
employed on the Liverpool tug-boats for casting off tow- 
lines quickly, we subjoin a sketch of the arrangement. From 
the views given it will be seen that the trigger A which is 
hooked in the slot in the hook C, keeps the pawl B in its 
place, and thus prevents the hook C from turning up. When 

















it is required to let go, the trigger A is lifted into or over to 
the position a, and on giving a pluck with the rope 
(which is about 3 ft. long), the pawl B is drawn into the 
position b; on this being done, the hook C, owing to the 
strain being above the centre D, cants up to the position 
marked c, and thus allows the hawser to free itself. The 
sketch is from a trip-hook on board the tug Kingfisher, and is 
highly spoken of by the captain and crew. 


STEAM DOMES. 
TO THE EDITOR OF ENGINEERING. 

Srr,—In the report =a by direction of the Board 
of Trade upon the explosion on board the s.s. Renown, we 
find the following clause :— 

‘* That steam domes, when applied to cylindrical shells of 
boilers, always have a tendency to weaken them, and should, 
in the opinion of the Court, never be ado; ted unless ade- 
quately strengthened and stiffened at the , which had 
not been done in the boiler in question, and, where practi- 
cable, steam domes should be dispensed with altogether.” 

It will of course not be disputed that steam domes do 





constitute a weaker part of the modern marine boiler, but | reade 


it is not quite clear how much of the danger is attributable 
to difficulties in workmanship, and how much to the design 
itself. With a view of obtaining more definite data as to 
the risk which was being ran with this curious combination 
of strains, the follo ‘oye were made on board 
our 8.8. Etna, by M. ries Robbé, Government Chief 
Surveyor of Steam Boilers in the Netherlands, M. Piepers, 
Government Surveyor for North Holland, and the under- 


e diameter of the boiler is 11 ft. 3in., and the length 

10 ft. ; diameter of steam dome 5ft., and the height 5ft. ; 
the radius of the top is 2ft. 9in. ; the icine shell of 
boiler 3in., double rivetted ; the thickness of dome }in., 
= flange on boiler rather sharply curved and double 
The boiler was made in 1871 by Messrs. Scott and Co., 
Greenock, and has since that time been nearly in constant 
service, with no repairs unless the renewal of some tubes. 
This, we presume, sufficiently proves the superior quality of 

hip and material. 


The steam dome was carefully inspected internally and | boilers 


“ 1 yy ee 
i 
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AT MESSRS. D. ADAMSON 


FIC. 1. 


Z YY Y))- 
externally, and the cooging found to be perfectly sound and 
free from all defects. The boiler-lagging was cut away so 
as to bare the thoroughly for inspection. 

The distances a b between the top of eand deck beam, 
cd between the flange of valve and deck beams, ef be- 
tween the root of flange an angle iron on sides of coal 
bunkers, gh between two centre points on dome and shell 
—— oe carefully noted, and a template was accurately 

at A. 

The pressure was applied with the following results: — 

At the working pressure of 60lb. the dome rose th at 
ab, and a hair’s-breadth at cd, all other measurements re- 
mained unaltered ; the template continued to fit as accurately 
as before. Ata pressure of 80lb. the dome rose ¥ynds at 
ab and yynd at cd, all other measurements remained un- 
altered, the template continued to fit. At a pressure of 











95 Ib. the dome rose barely jth at ab, and yynd fally at cd; 
the measurements ef ro gh, showing no variation, were 
wi ian of somenias, anh the romanian ene 
with pairs of compasses, an pressure 
no variation could be discovered, and the deflection at ab 
and cd disappeared. ; 

If the large steam domes cause such an alarming local 
weakness, surely there ought to be more signs of deflection. 

We also constructed two small tin m of this boiler, 
carefully attending to the respective thickness of shell and 
dome, and su in bursting i 
pump along the outside shell in a horizontal mn. 

Without commenting upon the deductions from these 
experiments, I hope to hear the opinion of some of your 
I remain, Sir, yours truly, 

Davip Crott, Jun. 
Royal Netherlands — Co., Amsterdam, 
April 3rd, 1876. 





WATER-TUBE BOILERS. 





1) of on consumed, the feed water being introd: at 
In the construction of the Root boiler, I have never 
amerey « yer) attachment of ho thee & ee ee 
cay generally as ability these 
Me peggy ow firm of Cochrane and Co., 





AND COMPANY’S WORKS. 
CONSTRUCTED BY MESSRS. W. MELLOR AND CO., ENGINEERS, NEAR MACCLESFIELD. 
(For Description, see Page 290.) 
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Rimaaucr. 


Ormesby Iron Works, Middlesbrough-on-Tees, have had 


nag ani Pt Pepe for six , and I feel 
assured that not one per cent. of the tubes failed from 


all causes, whilst were it true that the bottom tubes contained 
steam i of water, as stated to be a general evil in all 
kinds of water-tube boilers, the tubes, which do not exceed 
ho in thickness, could not have resisted-the action of the 
= ically twelve years of daily wear (six years 

, cases have arisen 


for 
and night continuously). 
the all-i portant question of 
where, through ms A nth ne impure water, and 
consequent accumulation of scale, tubes have burst under a 
ressure of 75 lb., but no damage has ever occurred (beyond 
That to the tube itself) either to attendants or property. 
At Ormesby Iron Works there are already erected 14 
Root boilers, 10 of which are 100 horse power and four 60 
horse power, and two more are in course of erection. — 
Great facilities are afforded for the effectual cleansing of 
the tubes both internally and externally. 
I can only add that I shall be hoppy to give a letter of 
introduction to any one desirous of informing himself as to 


I am, Sir, your obedient servant, 
CHARLES COCHRANE, 
The Grange, Stourbridge. April 3, 1876. 





BRUCE’S ROLLING BRIDGE, 

. on THE EDITOR OF be a eg ge . 
1m,—Mr. Barclay Bruce’s design for o soles oe 
on Mattneiel 40 © sensah tees as 1 Ah ova 
many have, 


is so entirely new in conception that dou 

















BRIDCE AT CENTRE 
like myself, been ing some interesting discussion on 
the several volved, for al novel to-day, 
may not the then oventonliy' Ae ceoosalitin aonoa out 
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many situations where ordinary ferries might be undesir- 
able? 

I beg your kind ind ce in offering a few suggestions 
which, however, I would have rather seen come from a more 
experienced hand; but it seems to me a great waste of 

er and needless expense to use separate engines placed 
in each pier, requiring as these would a very numeroas staff 
of ski attendants. 

The bridge at starting point, as also at different stages 


of its p » has to be borne by two piers only, so is 
wor! in succession by any of the four engines acting 
simultaneously. The collective power of four engines we 
may take, for the sake of argument, at 350 indicated horse 
power ass , te dead weight, as stated, to be 5000 tons, 
and the rate of travel four mi er hour ; so for the twelve 
d 1050 indicated horse power is re- 
quired. © a supped case t, ~ bg he water 
to , &s below bridge. ames water 

is HOt at‘all recommendable for boiler use. 


Froud conseueatly suggest the bridge itself carry the 
bie ths lor centre, to counterbalance as much as 


the ofthe ends when overhanging a pier. 
be onrrg to a set of drums attached on to a trans- 
verse 5 in ‘body of the bridge; as shown in 
sketch. Round work endless rolled chains, serving 
when a as rails for rollers carried on the 
underside of the bridge; the chains being gripped fast 
agniget the face of the bearing piers by the weight carried, 

drams continuing to pull in the chains over the 


wn, 

one alone. have roug’ 
1000 tons, but against the extra cost on this 
put, first, the prime and working saving of 550 horse power 
engines and boilers, and likewise the cost of engine-houses 
on each pier, , the ca ised value of wages and 
fuel saved per annum, evidently a considerable sum. 

Trusting that I have not i to much on the 
valuable space allotted for correspondence. 

I am, Sir, yours truly, 
Epwarp FaLKLanp Lucy. 
$4, Elgin-street, Birkenhead, March 30, 1876. 
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THE PROSPECTS OF CIVIL ENGINEERS 
IN INDIA, 


To rue Eprror or ENGINEERING. 

Sre,—It will be an act of humanity to parents who may 
be thinking of sending their sons to Tndin as engineers, if 
you will allow me through your pages to expose the 
injustice such sérvants of Government have suffered for 
several — in the Department of Public Works, so that 
these who regard the peace of mind and future welfare of 
their sons may avoid that branch of the service. Those 
who went out as engineers eight or ten years , were 
lured on by representations made and hopes held out in 
papers furnished by Government, that within a period, 

ing from four to six years, they would attain to the 
position of executive —— and enjoy the emoluments 
of promotion. ith such tions from forty 
to my are were induced yearly to expatriate 
themselves for life to face all the privations, discomforts, 
and sicknesses ; and parents deluded 
by poh os tions are now i an ou of about 
a tho 


pounds to pre 
bitter nog ga ¢ and blighted hopes of the many who 
have gone . At this moment t are young engi- 
neers who went out upwards of eight years ago as third 
assistants of acknowl ability ond professional com- 
petency, who are seven years in the position of 
second and only drawing the same pay they got 
seven yearsago. ‘They have been yopeatedy recomme! 

for promotion by their superiors, but besides the hardshi 
of being denied or ignored, they have suffered the chagrin ont 
——_ of seeing their compeers, men of the same year, 
vanced one or two steps over their heads, while they have 
actually been re ly og =n the work of the 
superior grade to which the others had been promoted. 
Had superior professional zeal and marked ability called 
for such dealing no one would complain, but when neither 
the one nor the other can be pl it shows that a system 
conducted by the tration wf such injustic, requires 
to be reformed, or the inevitable result must be such a de- 
terioration in the morale of the service, and such an 
amount of indignant remonstrance, as must compel Govern- 
ment to listen. How has such a state of matters come 
about and what is the remedy? If the grievances are real, 
the causes are not far to seek and the remedy is within the 
ey of Government, if it does not desire to perpetuate 
he injustice. That they are real, the dead block that exists 
at present in promotion is the proof, and to point out 
how that block has arisen points out the remedy. First, 
instead of Government filling up the required, and we may 
say the ep ~ of engin eers i1 Se gut from 
8 appointed engineers who went oat 
under a regular ves yg it has intredueed men under 
engagements for five years, and consequently deprived their 
own servants of a and pay which they were 
led to expect. ition to this, there are officers of the 
Ro ho, from the beginning, were thrust into 
the best its, and have in some way to 
retain these to the exclusion of the regular civil engineers. 
Again, when vacancies actually do occur the vicious system 
that is pursued gives no certainty to the man who has 


of an eastern climate 
Hill for the 


w 


paver ivy gece ene « om ba ha me can be said to 

is promotion is junior by years may not be 

promoted over his head because he ts ben 0 dio 
trict where the vacancy occurs. I write of actual f 

when I say that any amount of zeal gives no security for 

Those. who were for a time during 

famine out of their division, and had their services ac. 


know in Governmentorders, should be supposed to have 
earned their regular promotion, but such has been the gross 
and arbitrary manner in which things are conducted, that 
such officers have actually had their juniors promoted over 
them in the district’ they had temporarily left, and were 
not entitled to promotion in the district to which they had 
volunteered fora time. By the system pursued at present 
and by the same ratio, no young engineer n hope 

et a step of promotion under twelve years, or to get 
Coent an assistant’s position under fifteen, whereas, as 
already noticed, they are led to believe that they may 
attain to that position in six years at the utmost—a cruel 


may yet make the groundwork of an action in a court of 
law. It might gecupy too much of your space were I to 
enter on the way in which the same delusive documents 
above referred to leads to the curtailment of pay while’ at 
home and to the expectation that they are to draw ‘‘ nearly” 
at the rate of two shillings for each rupee. Calculated in 
English money the young engineer suffers a re- 
duction of nearly 451. a year; and in the event of ang 
home on leave instead of being treated in the way the ol 
** honourable’ East ee hog wed +, 
pound for every ten rupees, subjected e economi 
shift of a he his allowance by 20 or 25 per cent. ac- 
cording to the state of the market. Should you kindly 
indulge me with s for another letter I will show how 
inadequate the of the subordinates is to the 
great demands made on for expenses in the prosecu- 
tion of their work andthe losses they repeatedly suffer by 


Iam, Sir, your obedient servant, 
A VIcTIMISED PARENT. 


DOUBLE-SCREW TUG-BOATS. , 
To Tae Eprror or ENGINEERING. 

Srr,—I am v to see in your number for 
March 31, a sk of a double-ended, double rudder and 
screw tag, built by Messrs. Howden and Co., of Glasgow, and 
hope that the attention of the Admiralty may be directed to 
that class of vessel for coast defence gunboats. 

Some years I a sketch and model, which I 
submitted to Mr. E. J. Reed, then chief constructor, but 
nothing came of it save the consignment of the model to a 
- case, _ md other schemes for gunboats, &c., at 


-cadeh comauited with both ends alike, a balanced 
rudder at each end, and the engines made so as. to work each 
arately at pleasure, would be able to turn round in 








screw 
her own length with rapidity compared with a aa 
in the 


great 
afloat, ‘and alsoa gun of any weight ht be 
middle of the — “he witahin 9 the adders o> 
pass any given object ; the pitching o e wo 
reduced by the length, and great speed could be obtained 
with 3 comparative engine power. By working the 
engines from the centre of the vessel a stream of ‘water is 
thrown past the balanced rudders, thus giving steerage way 
though the vessel does not move. 

The model in the Greenwich Museum was designed to 
carry a 35-ton gun with a speéd of 11 knots ; but this is no 
reason why a vessel could not be constructed to carry a 
200-ton gun with 16 knots. The chief advantage I see to 
be gained by such a gunboat is quick handling, steady plat- 
form for gun, very few hands required to work the gun, as 
it is not required to traverse, and a speed equal if not 
greater than any existing war vessels can be obtained. 

Trusting I have not wearied you with this long letter, 

I remain yours truly, 

April 7, 1876. 


TELFORD FIELD. 
To THe Eprror or ENGINEERING. 

S1r,—In your last number Mr. Edward Hayes, of Stony 
Stratford, in referring to your notice of my patent double 
(fore and aft) screw tug steamers in your issue of the 31st 
ult., appears to imagine that the account which he gives of 
his experiments with a screw in the bow of a s canal 
steamer will save your readers from being led to suppose 
that working a ‘screw in the bow “of a steamer is so: novel 
as they otherwise might have done. 

Iam not aware, of course, how many. of readers 
that read the description of the double-screw tug steamers 
would suppose that a screw had never )efore been used in 
the bow of a steamer, but certainly not any who were 
with the many earlier projects and 





tolerably acquai=ted 
——, In serew propulsion. 

t is now just ten years since I constructed a small fe 
boat for the passenger traffic across Glasgow harbour with 
a screw propeller at each end, which vessel is plying to this 
day. It was the working of this small craft to and fro 
across the harbour, after an accidental breakage of one of 
its propellers shortly after it began tojply, that led me to 
believe that the bow screw was probably the more efficient 
of the two. This fact I was able to verify on a much larger 
scale in the steamer you illustrated in your issue of the 
Sist ult. It is at the same time satisfactory to find that 
Mr. Hayes in his canal steamers also found a superior 
effect in the bow screw. 

I may state, for’ Mr. Hayes’ information, that what I 


Imay take this o nity of referring to the remarks 


in your notice of the Sist ult., on the efficienéy of twin screw 





steamers 
When 


the draught of water is very limited twin serews 


and deceptive statement, which some independent spirits;> 


may be ~~ efficiently for towing, and be comparativel 
free from fouling ropes, &c., if the breadth of the boat is 
somewhat large in proportion to the diameter of its screws. 
In a large towing steamer, however, where the draught 
is not restricted, twin screws of sufficient diameter to give 
a superior hauling effect, cannot be got into a moderately 
small vessel, and in any case their liability to foul and get 


to | damaged is very great. Twin screw tugs are also very de- 


fective for sea-going purposes. The comparatively small 
immersion of the propellers renders them y liable to be 
pitched out of the water in a rough sea. “This is a very 
serious defect, and one to which single-screw tugs are also 
#, and which has hitherto given a decided superiorit 
bad die tug-steamer in rough weather. The fore an 
ble-screw tug is entirely free from this defect, and 
if in the » pitching of the vessel one screw is lifted more or 
out of-the water, the other is proportionately all the 
"aa im It is consequently found that these 
Steamers require no governor to the engines, as there is no 
racing even in the roughest weather. 


Glasgow, April 11, 1876. 
THE CONTRACTED VEIN. 


To Tue Eprror or“ENGINEERING. 

Srr,—I think, if you ! med can place in a 
clearer light the connexion of ‘the views. of Mr. Napier on 
this subject (ENatNEERING, April 7, 1876) with those 
eommon hy by mathematicians. ‘ 

Let p, be the pressure in a vessel from which fluid of 
density ? oo through a hole in the bottom of area A; 
Po the eimoerl eric pressure. Then the theoretical velocity 
acquired by the fluid in passing from the pressure p, to the 
pressure p, is given b sey 

PV*=Pi—Por ‘4 

At the of the orifice A the pressure is=p,, but in the 
interior of the area of the orifice the pressure is somewhat 
higher. The actual velocity of the fluid in the plane of the 
érifice is therefore V at the edge, but falls off somewhat 
towards the interior. It follows that the rate of discharge 
through the orifice is less than V A, and this for two 
reasons. First, because the velocity at the edge is not per- 
pendicular to the plane of the orifice, and it is the resolved 
velocity which determines the discharge, and secondly 
because the mean actual velocity itself falls short of V. 

If A‘ be the area of the section of the jet ata place where 
the velocity at all pomts of the section is parallel and 
uniform, and therefore by the law of energy equal to V, the 
discharge is A’ V ; and since this is less than A V, it follows 
that A’ is less than ‘A, or the jet undergoes contraction after 
leaving the orifice. 

This reasoning proves that the discharge will be less than 
VA, and it is easy to see that the deficiency will be consider- 
able, when it is remembered that near the edge of the orifice 
the direction of motion, so far from being perpendicular to 
= plane of the orifice, is approximately parallel to that 
plane. 

Mr. Napier’s argument to prove that the discharge ought 
to be $V A, is founded on the assumption that the force 
pootatng downward momentum is (p,—p,) A. But this 
would only be true if the pressure over the whole of the 
bottom of the vessel except the orifice, were p, ; whereas it 
is evident that throughout an annular region surrounding 
the orifice the pressure is less than p,. In fact, at the edge 
of the orifice itself the pressure is 5, and for a sensible dis- 
tance will vary between p, and p. If therefore we call the 
force which produces downward momentum (p,—p,) A”, A” 
will be sensibly greater than A. 

The momentum which passes the contracted vein in unit 
of time is clearly f A’ V*, and therefore, 

wel (pi - Po) A” =P A’ V? 

ni 


PA’ V2=2 A" (pj —po) 
by the the law of ms aaa 
bee ‘ 

If A’/ were the same as A, as Mr. Napier makes it, this 
gives-A’=} A, or the contraction-amounis to one-half, but 
since A” is greater. than A,.the.true,inferenee is that A’ 
is greater than 4A, or thatthe contraction falls short of 
one-half. This argament by: itself does not prove that 
there is any contraction at all ;.but taking it in connexion 
with what hasbeen established.above, we find that the 
area of the contracted vein is: less than the area of the 
orifice, but greater than half the area of the orifice. . 

The coefficient of- contraction found experimentally is 
about .6, which corresponds to A”=1.2 A, or (in the case 
of circular holes) an increase in the. effective radius of 
about a tenth part, which does not.appear at all excessive. 
I am; Sir, yours faithfully, 

RayYLEIcH. 


Tesling-place, Witham, Essex, April 10, 1876. 


THE INGERSOLL ROCK DRILL, 
Stk, wal at oe BA mt hr e of your 
"ale a it us! e medium 
jd to-take exception to the staterient of Mr. H. W. 
in ‘his paper on “The St. Gothard Tuznel,’’ read 
before ‘the Iron and Steel Institute, at the Westminster 
Palade Hotel; on Thursday, March 30! and which ap 


oe 


James Howpen. 








consider novel in my screw tug steamers, and which forms - 

the subject of my patent, is the placing ‘of a propeller at in last Friday’s issue of GINEERING, to the effect that 

each end of the vessel on a continuons shaft, along with | every known example of rock drill had been tried at the 

constencting the hull-so- 44 ty, aduall api give. laibersee to St’ Gothard Tunnel; and ‘to state that ‘the “‘ Ingersoll 

propellers of large diameter. rock drill, of which we are the patentees and representa- 
By such arrangement and eonstraction a steamer of com- | tives in Europe, has never yet beem tried at the above- 

paratively moderate dimensions and engine ean be ee tunnel. : 

made to wr. eficlently the largest Yeusele float. 10 tay - We notice in several of the scientifié papers that though 

also interest Mr. Hayes to learn that in these steamers the | the length of 10ft., &o., is clearly given th , waited 

propellers are as well protected and free from mishaps | * ef ,» which is no ado 
as those in the stern. y . Tunnel, are widely different, Seyt.'to 3 tons 


without carriage ; may we ask w hh is the eorréct weight ? 
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* HEAD’S PATENT PRIME MOVER.” 
To THE Eprror oF ENGINEERING. 

S1r,—I am a member of the Cleveland Institution of En- 
gineers, and was unavoidably prevented from carrying out 
my intention of being present last evening to take part in 
the discussion on Mr. Head’s paper. As however the paper 
appears in your last week’s issue, I think there is sufficient 
warrant to discuss the subject through the medium of your 


journal. 

“i the first place, Mr. Head cannot be congratulated on 
the title he has selected for his patent, for although prime 
mover is a most concise and expressive title as used by 
Rankine for a generalisation of all motive power engines, it 
is not a more concise title, and for Mr. Head’s purpose is 
certainly a less expressive one, than steam engine. More- 
over, it was quite a surprise to me on opening the T'rans- 
actions to find that the paper related to a steam engine and 
not to a motive power engine of some other description. It 
is, in fine, better to still continue calling a spade a spade, 
and not an agricultural implement. 

Now, I must at once say that seeing a aoupoent engine 
less costly and less complicated than Mr. Head’s engi 
can be, and is made, and it being a fact that the crudest 
compound engine is, ceteris paribus, superior in economy 
of fuel and in uniformity of motion to the most refined 
single-cylinder expansion engine, this engine of Mr. Head’s 
represents a retrograde rather than a progressive step. 
Now, although 1 >> this, I do not challenge the soundness 
of the reasoning that Mr. Head puts before us as that on 
which the design of his engine is based ; on the contrary, 
the manner in which every detail has been put through the 
mill of his mind, nothing being left to fallin by mere hap- 
hazard or ‘‘rule of thumb,” is I think admirable, and a 

rfect example of what all design should be. It is there- 

ore external causes ‘age occasioned by commercial ex- 
pediency, and partly the result of actual mechanical 
experience, that enable me to call in question the judicious- 
ness of arrangements that are theoretically correct. _ 

Thus, although it is, theoretically, the correct thing to 
balance the crank equally on each side, as is done by Mr. 
Head, by means of two flywheels, practically such a refine- 
ment is as unnecessary as it is expensive. At one time my 
own practice was to carefully balance the cranks by means 
of ental weights strapped to the back of each crank web, 
but finding that these were often taken off without any 
noticeable difference in the working of the engines, I have 
for some years back discarded such balances without 
causing any detriment, although many of- the engines run 
faster than Mr. Head proposes to run his. Independent of 
the expense, the second flywheel renders the important 
working parts of his engine less accessible. Neither does 
the crankshaft possess advantages to warrant its additional 
cost as compared with the ordinary overhung crank or disc. 
Inthe latter, if the crank be not made unnecessarily thick, 
the effect of the tendency “ to strain into line”’ is practically 
nil, 

There are other important points in Mr. Head’s paper that 
deserve attention, but time will not permit me to deal with 
them in this letter. 


April 11, 1876. 


NOTES FROM THE NORTH. 
Guiasaow, Tuesday. 
Glasgow Pig Iron Market.—Thursday last was a blank 
day in the iron market, as it was the spring Sacra- 
mental Fast Day, and when business was resumed on Friday 
forenoon the market was steady, with again only a very 
small amount of business done at 59s. 4$d. cash, closing 
with sellers at that price, buyers 59s. 3d. The market con- 
tinued steady in the afternoon, business being done at 
59s. 7$d. three months open, closing buyers 59s. 44d., 
sellers 59s. 6d. cash. There was a somewhat easier con- 
dition of things yesterday forenoon, and business was done 
at 59s. 43d. to 59s. 3d. cash, closing with sellers at the 
latter price, and buyers offering 59s. lid. The market was 
idle during the afternoon, no business being reported, 
closing nominally sellers 59s. 3d., buyers 59s. 14d. cash. 
Flatness was the rule this forenoon, but there was a larger 
business done that for some days past, the price being 59s. 
cash, and one month fixed, closing sellers over, buyers 
58s 10}d. The market was again idle in the afternoon, no 
business being reported, closing sellers 59s., buyers 
58s. 103d. cash, There is no material c to note in the 
position of the trade, which still shows no signs of improve- 
ment. Special brands have been — for some days, but 
little business has been done. The demand for G.M.B. 
iron remains quiet. Last week’s shipments amounted to 
tons as against 13,914 tons in the corresponding week 
of last year, and the total decrease for 1876 is now up to 
29,630 tons. On the other hand the imports from Middles- 
brough into Grangemouth are keeping , the total in 
crease for 1876 being now 18,910 tons. 


Your obedient servant, 
ERIMUS.- 








Edinburgh and Leith Engineers’ Society.—A meeting of | agree 


his society was held last Wednesday night, Mr. W. n 
Carter, C.E., in the chair. A paper was read by Mr. 
Alexander Leslie on “‘ The Manufacture and Application of 
Pipes for the Conveyance of Water.” 

Royal Scottish Society of Arts. — ery | of the Royal 
Scottish Society of Arts was held last night, Mr. Alex. 
Gowans, one of the vice-presidents, occupying the chair. Mr. 

- Schenck, professor of German, communicated a lo: 
on “‘ Notes of a Journey to y in Connexion wit 
jucation and related Subjects.’’ 
: py ee Cee 08 the font monthly —_. 
ing e Cly: avigation Trustees, it was reported that 
he committee on new works had had under consideration 
& proposal by Sir William Thomson to. erect improved tide 
gauges in the river; and th stated that having considered 
a report on the subj by Mr. Deas, the engineer to the 
Trust, opinion that the erection of the gauges 


were 





would be of value as indicating the correct rise and fall of 
the tide, and affording data to judge of the effect of future 
improvements on the river, and to recommend that 
one gauge be erected at the end of the wharf near the 
entrance to Stobcross Docks, another at Dalmuir work- 
shops, and a third within Cardross Lighthouse—the total 
expense being estimated at 
maintenance. The recommendation was adopted. 


Rothsay Harbour Trust.—At a meeting of this body 
held yesterday a proposal to have a gridiron erected for the 
use of yachts, steamers, and other vessels was cordially 
approved of, and there is every prospect of the proposal 
being carried out. 


NOTES FROM THE SOUTH-WEST. 

South Wales Coal and Iron Exports.—The monthl 
returns of the exports of coal and iron from the South 
Wales ports show a considerable falling off in the former 
trade. The average quantity of coal sent from Cardiff is 
about 360,000 tons per month. In January the quanti 
shipped was 285,924 tons ; in February 227,640 tons; 
last month only 199,504 tons. From Newport last month 
the quantity of coal shipped for foreign ports reached 
34,873 tons, and from Swansea 34,907 tons were sent out. 
From Cardiff 4703 tons of iron were exported ; from New- 
port 6224 tons; and from Swansea 496 tons. Coastwise, 
the coal business has been a little brighter, the quantity 
sent out last month from Cardiff being 61,076 tons. The 
price of coal, particularly house coal, again fallen, and 
steam coal does not average more than 103. per ton. 


Severn Bridge and Forest of Dean Central Railway.— 
A Select Committee of the House of Commons considered 
on Thursday the merits of this Bill. For the promoters, 
Sir Mordaunt Wells, and for the Great Western Railway, 
who a. Mr. Wilberforce were the counsel appearing. 
The objects of the Bill are to obtain an extension of time 
in respect of the line sanctioned in 1873, as regarded the 
time for the — of land, the time for constructing the 
works, and the time for fulfilling agreements with other 
companies, as provided in the original Act. It is further 
proposed to construct a short branch line of a little more 
than a mile in length, forming a junction between the Cen- 
tral Wales and the Severn Bridge Railways. Mr. Oswald 
Barratt, Mr. Trevor Poweil, and Mr. Russell Evans havin 
been called, Mr. Clark was heard in opposition to the Bi 
for the Great Western Railway ‘ee ys The committee 
declared that the preamble of the Bill was proved. The 
clauses were then considered, and after some amendments 
had been agreed to, the Bill was ordered to be reported. 


Important to Owners of Traction Engines. — John 

imms, driver of a traction engine belonging to Mr. 
Trewin, of West Putford, has been summoned ‘ore the 
Bideford borough magistrates by Mr. Sanders, of East 
Heal, who charged him with driving a traction engine on the 
Torrington-road, without consuming the smoke, contrary to 
the Act of Parliament. The complainant stated that the 
smoke had caused him annoyance on several occasions, and 
on the 22nd of March it was ve The defendant said 
the engine would not consume the smoke, but he did all he 
couldjto prevent annoyance. The Bench pointed out that ac- 
cording to the Act of Parliament all engines used on high- 
ways should consume their own smoke, and that the owners 
were liable to a penalty of 5/. for every day on which an en- 
gine was used without doing this. Thedefendant was fined 
20s. and costs, and di: not to use the engine i 
until it had been altered, soas to comply with the Act. 


The Double-Shift System.—At a recent meeting of men 
who have been on strike against the double-shift system, at 
the Merthyr Vale Colliery, it was resolved to resume work, 
until the works are properly opened out. Operations were 
accordingly resumed on Tuesday morning. 


Additional Water Supp for Dowlais.—Mr. Arnold 
Taylor, inspector under the 1 Government Board, has 
held an inquiry with reference to the water supply of 
Dowlais. Mr. T. Williams put the case before the in- 
spector on behalf of the Local Board, and after evidence 
had been given by Dr. Dyke, Mr. Harpur (surveyor), and 
Mr. G. Martin, Mr. F James, — ing as a ratepayer, 
said that the district was in a very condition, and was 
almost dependent on the local iron works. Two of these 
iron works were sto) , and if the other also were at a 
standstill the phen 5 not be able to pay interest on the 
local loans. e Board of Health hel chondy borrowed 
150,0001., and now it was proposed to borrow between 
40,0001. and 50,0001. The question was, were they justified 
in spending this money? Mr. Taylor pointed out that the 
money would be borrowed for 50 years, and by that time it 
might be expected the place would be developed. 


The Somersetshire Miners.—At a conference between the 
colliery proprietors of Somersetshire and the delegates of 
the pitmen, matters in dispute were settled by the men 
ing to a present reduction of 11} per cent., and a sliding 
scale for future guidance. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Peculiar Explosion of Dynamite.-—On Friday an inquest 
was held at Shapton on the body of Thomas der, 
who died the previous day from an explosion of the 
liquid which exuded from dynamite cartr in course 
of preparation. Gelder had taken the cartridges from a 
bucket and poured the remainder into a fire which caused 
a terrific explosion and killed the unfortunate man. The 
Government Inspector said that when warm water got 
mixed with the cartridges the oily p2' 














rt 
dangerously explosive as the cartridge itself. 


Sheffield Water Works Campany’s Report.—The direc- 
tors of the Sheffield Water Works Company recommend a 





2851. with 900. additional for | Fl 


became quite as | yea’ 


engineers-in-chief (Messrs. Thomas and Charles Hawksley, 
London), states that they have made personal inspections 
of the embankments and other works of the Rivelin, Red- 
mires, and Loxley reservoirs, and have found them all in 
perfect repair and excellent condition. The Dale Dike Re- 
servoir was duly finished by 14th of June last, and the Dam 

ask Reservoir, with the diverted roads and the 24-in. 
main pipe to Sheffield, by December 31st last. Now that 
these t systems of reservoirs have been completed, the 
company’s capabilities have become adequate to the wants 
of a pe ulation of more than half a million persons. Dar- 
ing the last year pipes to the length of ten miles were laid, 
= total length owned by the company being now 198 

es. 


Chesterfield, §c., Institute. of Engineers.—A meeting of 
the members of this Institute was held on Saturday last, 
Lord Edward Cavendish presiding. Mr. Wright’s paper on 
“The Prevention of Overwinding” was again postponed, 
owing to the absence of the writer. Brief and incomplete 
discussions ensued on Mr. mn’s pa “On the 
Evaporative Power of Lancashire Boilers,’’ Mr. Stokes’ 

per ‘On a New Description of Ventilating Fan,” and 

. Marshall’s paper on ‘‘ The Advantages of a Sectional 
Boiler over any other Class of Boiler.” A number of new 
members were elected. 


The Certified Colliery Managers’ <Association.—The 
annual meeting of this Association was held at the Royal 
Hotel, Barnsley, on Saturday last, Mr. Burton (the presi- 
aS chair. On the motion of Mr. Miller it was 
resolved to give 101. to the Swaithe Main Explosion Fund, 
and to reduce the yearly subscription to one guinea. Mr. 
Burton was re-elected chairman, and Mr. dison vice- 
chairman for the ensuing year. The members dined 
together in the evening. 


Great Strikes of Miners.—To-day nearly 20,000 miners 
are out of work in the coalfield which extends from South 
Yorkshire into Derbyshire, in consequence of their re- 
sistance to the proposal of the coalowners for « general 
reduction in wages of 15 per cent. Out of the 120 collieries 
in the district, more than three-fourths are idle, ata few 
the men ave at work at a reduction, at others they are 
working on the understanding that they will abide by the 
cone result, whilst at about 20 no notice has at present 

en given. The men offer to accept a drop of 10 per cent., 
but the owners insist upon 15 being taken off, sates the 
strike which threatens to be protracted. 


Termination of an Ironworkers’ Strike.—The strike of 
ironworkers at the Midland Iron Works, Rotherham, has 
come to an end; the men having agreed to accept a reduction 
of sixpence per ton and to be ruled in future by the 
Staffordshire prices. The management on this considera- 
tion withdrew the new rules which had caused the strike in 
the first instance. 4 


Railway Improvements near Doncaster. —The line 
of the chester, Sheffield, and Lincolnshire Railway 
Company is being doubled near Doncaster, in addition to 
which new sidings are being laid down. 





FOREIGN AND COLONIAL NOTES. 
Bessemer Rails in the United States.—The production of 
Bessemer steel rails in the United States amounted in 1872 
to 94,070 tons, while 149,786 tons were imported. In 1874, 
the production of Bessemer steel rails in the United States 


again | amounted to 144,944 tons, while the importation declined 


to 100,486 tons. The production of steel rails in the United 
States in 1875 is roughly estimated at 250,000 tons. 


A Big Krupp Gun.—A monster cannon which Herr 
Krupp has constructed as a t for the Sultan of Turkey, 
will shortly arrive at Constantinople. It will be landed on 


the artillery esplanade at Tophaneh for the inspection of his 
majesty, and will be subsequently sent to arm one of the 
forts of the Upper Bosphorus or the Dardanelles. The huge 
gun is estimated to cost about 20,0001. sterling. . 


The American Coal Trade.—The imports of bituminous 
coal into the United States in 1875 amounted to 411,723 tons, 
of the value of 1,511,083 dols. The exports of bituminous 
coal from the United States in 1875 amounted to 235,060 
tons, of the value of 867,586 dols., and 341,669 tons of other 
coal of the value of 2,039,259 dols. 


Wages in Turkey.—We hear that in consequence of the 
non-payment of arrears of wages due to them, the English 
engineers and mechanics employed in the ‘Turkish Imperial 
Arsenal at Hasskeni recently struck work. The poor 
fellows a to have had some justification for the step 
which they thus took, five months’ arrears of pay being due 
to them. Since the strike they have received one month’s 
pay, but we have not yet heard that they have resumed 
work. Money is evidently a desperately scarce article just 
now with the Turkish Government. 

Preparing for the Centennial.—The Philadelphia and 
Reading Railroad Company has commenced work on a new 
track connecting the Norristown branch of its road with 
the Richmond branch, and thus opening a new route to the 
Centennial grounds from the Ninth and Green streets dep5t. 
Trains from Ninth and Green streets will by this route pass 
over the Falls bridge to the West Park, then south to 
Lansdown Valley, opposite Horticultural Hall. At this 
point a covered platform, 510 ft. long, will be built. 


New South Welsh Coal.—In 1829, New South Wales 
prodaced 780 tons of coal. In 1874, the corresponding 
production had grown to 1,304,567 tons. It is calculated 
that the total extraction of coal in the colony in the 45 
rs embraced between 1829 and 1874 was 12,387,279 tons, 
of the value of 6,655,3281. 


The German Coal Trade.—There is not much change to 
notice in the coal trade in the Bochum district. The price 
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dividend of 4 per cent. for the year. 


‘of coal has, however, declined about 6d. per ton. 
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NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have oe Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &., 
on application. 








NOTICE. 
THE INSTITUTION OF OIviL ENGINEERS.—Tuesday, April 18th. 
No meeting, being Easter Tuesday. 





THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, James Drevee has 
left England for Philadelphia, and that communications 
relating to the International Centennial Exhibition may 
be addressed to him at the Trans-Continental Hotel, 
Philadelphia. 
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CIRCULAR IRONCLADS. 

THE dimensions, form, and mode of construction, 
as well as the behaviour at sea of the Russian cir- 
cular ironclads, have been so fully discussed at 
different times, that little additional information on 
those points was expected from Mr. Goulaeff’s paper 
last week at the meetings of the Institution of Reval 
Architects. The only point on which interest really 
did centre, and on which the information supplied 
has always been of the vaguest description, was that 
of the speed of the ships in relation to the indicated 
horse power of the engines. The ibility of 
vessels of this type ever attaining high speeds, and 
taking rank as the type of future oing line-of- 
battle ships, although it has been little more than 
hinted at by Mr. Reed, has produced much doubt 
and uneasiness in this country as to whether our 
own Government should not immediately push for- 
ward the building of vessels of this kind, and set the 
matter at rest by actual trial. The discussion on 
Mr. Goulaeff’s paper at the meeting of the Institu- 
tion of Naval Architects last Thursday, must have 
gone a long way to allay any such uneasiness, as 
sufficient transpired to show that circular ironclads 
for high speeds are out of the question. 

Many were disappointed to find that Mr. Goulaeff 
avoided giving the figures which are necessary to 
enable the resistance of these vessels to be investi- 


The Novgorod has had many trials at sea, and 
trials, and we can scarcely think that 
with all the experimental and scientific zeal which 
now animates the Russian naval officials, those 
trials were conducted without the draught of 
water, indicated horse power, and speed being re- 
corded in the most careful manner. This is 
strengthened by the fact that we were able to 
give, on a former occasion,* the indicated horse 
power, speed, and displacement for one of 
those trials, on information which we have rea- 
son to believe trustworthy. Since that time 
other figures have been published which differ very 
materially from those given by us, and under these 
circumstances we looked to Mr, Goulaeff for some 
definite statistics on a matter so full of interest. 
However, as regards the trials of the Novgorod, 
all we learned from his paper was that the best 
pitches for the centre, middle, and outer screws had 
been found to be 10 ft., 11 ft., and 12 ft. respec- 
tively. These pitches are all much coarser than that 
employed during the trial of August, 1873, when— 
pe ins to our information—the engines developed 
about 3000 horse power, the pitch of all the screws 
being then 8 ft. and the engine speed 104 revolu- 
tions per minute (vide page 275 of our last number). 
Of course the increase of pitch would tend to dimi- 
nish the engine speed and also the power developed, 
and so go to corroborate Mr. Goulaeff’s hints on 
this matter ; but it is difficult to understand how 
this reduced engine power has been accompanied 
by an increase of speed unless the displacement 
differed greatly from that existing during the trial 
of August, 1873. On these points Mr. Goulaeff’s 
aper is silent, Instead of supplying actual facts 
itr Goulaeff preferred to base his predictions, 
and some of them reached as far as vessels of 
50,000 tons displacement, at 12 and 14 knot speeds, 
on one item in the results of an {uncompleted set of 
experiments on circular models now being made by 
Mr. Froude, and he quite ignored the trials of the 
actual ship, 


the greatest precision, namely, the true amount 
of resistance 'offered to the motion of a model of a 
circular ship, 160 ft. in diameter, and 13.7 ft. 
draught at a certain speed, I have based the whole 
construction of this di , being able, with the 
help of Mr. Froude’s ‘scale of comparison,’ to calcu- 
late precisely the indicated horse power of engines 
necessary to drive each ship ata 12-knot speed, and 
to ascertain exactly the amount of coals necessary to 
keep the ship steaming during six days at that speed.” 
We regret we have not received a —~ of the said 
diagram made to scale, and the paper does not con- 
tain the materials necessary for its reconstruction : 
we cannot, therefore, with certainty as to its 
degree of accuracy, but judging of it from the large 


hung on the walls of the lecture » we 
have doubts of its correctness, which we here- 
after be glad to clear 


up. 

Starting with the aa of the 160-ft. ship,the dis- 
placement, the weight of engines and coal supply, 
the weight of crew, provisions, water, anchors, 
cables, stores, &c., and the weight of hull, are es- 
timated for other vessels up to twice the diameter 
and draught of water. Adding these weights to- 
gether, and deducting from the estimated displace- 
ment, the weights available wholly for armour and 
guns, with their carria ages and shot and shell, are 
obtained for each size ship. These weights are all 
set up as ordinates of curves on the — referred 
to, until a circular vessel 320 ft. in diameter, and 
27.4 ft. draught of water is obtained. Theconclu- 
sion drawn from these results is that, ‘‘when a 
circular ship is made of such dimensions as to have 
the weight of hull about equal to that of an ordinary 
ironclad, then, with the speed of twelve knots an 
hour, and with coals for six days’ steaming at that 
speed, her offensive power would be doubled.” 
And it is said that a circular ship 320 ft. diameter 
and 27.4 ft. deep will have ten times greater fight- 
ing power than an ordi ship like the Inflexible. 

At the higher speed of 14 knots, and with a coal 
supply for five days, steaming at full speed, Mr. 
Goulaeff’s conclusions are that, when the weight of 
the circular hull is about double that of an ordi 
ship, she would float four times a greater number of 
guns ; whilst when the weight of hull is about treble 
that of an ordinary ship, her fighting efficiency will 
be from seven to eight times the efficiency of an 
ordi ship. From these results Mr. Goulaeff 
concludes that the circular form “ insures the true 
economy,” even with high speeds, Such circular 








gated from the actual trials of the Novgorod. 


* See ENGINBERING,. 19th Nov., 1875, 


He says: *“ Upon this item, ascertained with | Pp 


ships, he says, will be more economical than the 
existing ones of ordinary shapes, because, even at 
great speeds, the ratio which the cost of hull of 
these vessels bears to the cost of armour and guns 
carried is very much less than in the case of ordinary 
ships, and also because the proportion of the engine 
aig to the cost of guns and armour driven is also 
ess. 


Mr. Goulaeff is a very sanguine believer in the 
future development of circular ships, but he is we 
fear at present somewhat overburdened by figures 
built up as we have shown from a very slender basis. 
His comparisons as to the “‘ proportion of weight of 
hull to weight of armour and guns carried,” and the 
* proportion of engine power to weight of armour 
and guns protected driven,” have, we must confess, 
a somewhat mystifying effect upon us; we venture 
to believe they have a somewhat analogous effect on 
others better able to withstand such influences, and 
perhaps also Mr, Goulaeff, for whose knowledge 
and ability we have the highest respect, will one 
day come to view them with other eyes, and some- 
what more as we do. What do they amount to? 
Let us take a simple illustration, There is acertain 
sum of money a for building and equip- 
ping the Inflexible—or, let us say, the Inflexible 
will cost when complete a certain sum, estimated 
at about 520,000/. She is to steam at 14 knots, 
to carry coals for six days’ steaming at full speed, 
to be protected with 24-in. armour, and to carr 
four 80-ton guns in turrets. Can Mr. Goulaeff, 
or Admiral pe or Mr. Reed, or any one at the 
Admiralty build a circular ship able to, fulfil the 
above conditions for less money, or for the same 
money, or anything like the same money? If not, 
of what use is it ‘to say thatthe weight of hull, or 
the power of the engines is less in proportion to the 
i t Sacer os ; ’ in the circular than 
in the ordi type of ship 

It may be waid that in working out such a pro- 
blem the circular vessel, supposing she should cost 
more than the Inflexible, would have advantages 
eculiar to herself, such as lighter draught, and 
greater handiness, and better protection from the 
ram and moving torpedo ; but this is not the issue 
raised by Mr. Goulaeff, and if it were we should 
want to know what the extra cost of fulfilling the 
Inflexible’s conditions on the circular system 
would be, before we could judge whether the above 
enumerated advantages would be dearly purchased 
or not, especially as there are other counterbalanc- 
ing advantages in favour of the ordinary ships, such 
as in the dock accommodation, and other matters 
which have to be borne in mind by those respon- 
sible for the construction of the Navy. 

It may be said that the advantage of circular ships 
will become more apparent in vessels of greater 
displacement and size than the Inflexible, and 
that, therefore, it would be unfair to tie the com- 
wey down to a particular ship. This we allow ; 

ut then the commecees should be made with an 
improved Inflexible of the greater dimensions, 
and with somewhat greater beam, as she probably 
would have in proportion to her length. 

On these matters, which are really essential points 
of the controversy, so far as this country is con- 
cerned, we get no information from Mr, Goulaeff’s 
paper, and very little from the discussion which 
ollowed it. On the question of propulsion, how- 
ever, a point of the utmost importance came out in 
the discussion, namely, that the resistance of the 
circular form bears to that of the ordinary ship- 
shape form, weight for weight, a proportion of about 
as five toone. This was mentioned by Mr. Samuda, 
and was confirmed by Mr. Froude from the results 
of his experiments, and appeared to be admitted by 
the advocates of circular ships. Mr. Froude said 
the resistance of the circular form did not appear to 
increase faster than that of ordinary He as the 
speed increased ; but as the weight of engines and 
coal must be about five times as great in the circular 
ships as the enormous weights which now go into 
the engines and coal of an ordinary ironclad of 
equal weight to drive her at high speeds for many 
days, this one element alone is seen at once to assume 

igantic proportions, and would absorb the whole 
isplacement, 

t is a matter for congratulation that Mr. Froude 
has undertaken experiments on the resistance of 
this form of ship, as those experiments cannot fail 
in his hands to afford the most valuable information 
and supply data which will enable the subject to be 
spprosched by the constructors of the Navy with 

confidence so much required in dealing with a 





subject of such great importance. Mr, Froude, 
from the results of his experiments, has already 
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been led to think these circular vessels can never be 
made to attain a high speed. Mr. Barnaby, while 
commending their construction for shallow waters, 
aid not think they could ever be regarded as sea- 
g ships. Mr. Reed eulogised their steadiness, 
ut thought the form would have to be modified 
by elongated ends, in order to obtain high speeds. 
It may therefore be concluded that in the opinion 
of those most competent to jndge in this country, 
the views expre in these columns last December 
were correct, namely, that vessels of the type of 
the Russian circular Popoffkas are not the vessels 
for high speeds, and that to make them suitable for 
ocean service, and in line of battle, they will have 
to be elongated, or in other words, they will: have 
to be made to approach more nearly to the form of 
the Inflexible, and further from that of the circular 
ironclad, about the priority of invention and de- 
signation of which so much time and labour has 
been expended that could have been otherwise far 
more profitably employed, 


GLASGOW AND THE SEWAGE 
QUESTION, 

Anout eighteen months ago the Government 
commissioned Sir John Hawkshaw to investigate 
the condition of the Clyde generally, but more 
especially in regard to its pollution by means of the 
sewage and other refuse arising from domestic and 
manufacturing causes. The inquiry was of the most 
important character in reference to not only all 
large provincial towns, but even the metropolis 
itself, because to make the inquiry complete it was 
necessary that the Commissioner should not only 
report on the conditions, but also as to the best me- 
thods of Dare for them. The report of Sir John 
Hawkshaw has lately appeared, and it is hardly neces- 
sary to say that to a large extent it is exhaustive of 
the subject so far as the evidence goes, whatever 
Opinion may be held in regard to the conclusions 
that have been arrived at, Each advocate of the 
separate system of sewage treatment, whether irri- 
gationist, precipitationist, . filtrationist, or other, 
was made responsible for the plan suggested by 
accepting the evidence he gave, Consequently Sir 
John left each responsible for making the best of 
his suggestion, and reserved to himself the right of 
applying that evidence to the chance of affording a 
remedy. 

Glasgow is, in many respects, posers situated 
in regard to the sewage question. Its water 
supply is excellent, and large in Soph amount- 
ing to about 53 gallons per head daily for the entire 

pulation of something about 750,000 persons. 
The quantity used out of that amount for manu- 
facturing p is large (8 gallons per head), 
and the refuse produced by bleachers, dyers, calico 
printers, chemical works, &c., both solid and liquid, 
sent into the Clyde, is enormous, greatly exceeding 
for the same area any district that can he found in 
London, or perhaps any other place in the kingdom, 
Hence the 1 may be considered a kind of 
corpus vile for the sewage doctors. 

t is evident, therefore, that Sir John Hawkshaw 
had to determine a most difficult question in r 
to sewage disposal. As we have seen, there is a 
very large and excellent supply of water, an equally 
large pollution by manufacturing causes, and owing 
to the “ flat” system an almost universal water-closet 
system affording a maximum pollution by means of 
oe refuse. As might be expend. the mortality 
of Glasgow is great, being recently 35 thousand 
against about 25 in London, In sigan 00 the rapid 

of sewage from the houses, Glasgow is 

hly favourable, for on the north or most popu- 
lous side, the declivity from the upper portion of 
the town to the river is very great. Vesa 4 Neog 
the sewers are constantly being cleansed by the 
abundance of water g through them. In one 
respect Glasgow tly varies from London. The 
tidal stream im the latter case extends to about 20 
—_ above the —_— of r ae nap 
to Teddington ; whereas, in Glasgow, it ends near 
the centre of the city. Hence, in that town, the 
scouring fnfluence of a long, broad, and deep. 
running stream is almost entirely absent, ‘Thus, 
while in London the sewage is in constant motion 
on each change of the tide for many miles, the 
dock eh aye of Glasgow, extending from the 
w to—say Renfrew—literally becomes an 

almost ditch, crowded with shipping, 
and contai a deep mud deposit, that requires 
constant dredging to maintain a channel sufficiently 








self acquainted with these and many other diffi- 
culties, - has been compelled to discard every other 
scheme but that of removing the sewage bodily'to 
the sea, or rather“into the estuary of theClyde. It 
was evident that several thousand acres of land 
would be required to dispose of the sewage by irri- 
gation, and it would be impossible to find land 
enough for this purpose within a reasonable or 

erhaps almost within any distance of Glasgow, 
for the shipping and factory interests are gradually 
extending their area of operations down the Clyde, 
and that ina much more rapid ratio than we are 
acquainted with below bridge in London. It was 
suggested to take the sewage toa distance below 
Glasgow, there to precipitate or settle, and to pass 
the effluent into the Clyde at Whiteinch. But the 
cost of any process for this purpose, and the abso- 
lute uselessness of the ‘‘ manure” so produced, put 
all such ideas into the category of the non-practical. 

Sir John Hawkshaw therefore recommends that a 
plan analogous to the metropolitan system of drain- 
age should be adopted, or in other words, that the 
whole sewage should be conveyed from Glasgow by 
means of an outfall sewer some 13-ft. in diameter, 
the outfall being at a point called Farland Head. 
Fortunately the Clyde almost suddenly widens 
from a narrow stream at a few miles from Glasgow 
into an estuary of two to six or eight miles wide, 
Consequently the objections to the outfalls of the 
metropolitan sewage at Barking and Crossness are 
not applicable to the case of the Clyde. 

Precisely the same plan as is now recommended, 
the Glasgow Town Council were advised to adopt 
in 1856, or twenty years ago, but they were then 
under the impression that sewage was of great 
value, and consequently nothing was done. The 
cost of the presently proposed plan will be from 
one and a half to perhaps two millions sterling. 
This sum is a somewhat heavy tax on a population 
of 760,000 which are affected by the scheme, but 
there are some points of economy that may be 
reckoned on. In the first place, the sanitary state 
of the city will be greatly improved, and hence the 
rates ought to be lowered. The dredging of the 
Clyde that has to be constantly carried on will also 
be diminished in regard to the expense and labour. 
To carry out the plan, Sir John Hawkshaw re- 
commends the establishment of a body termed the 
‘* Sanitary Commissioners of the Clyde,” in whom 
would be invested the duty of not only attending 
to the case of Glasgow, but also of various other 
towns situate on the Clyde. For some of these 
places Sir John suggests a modification of his 
scheme, where possible, as ‘by the adoption of irri- 
gation, precipitation, &c. His object seems to form 
a kind of water-shed ent of our rivers, of 
which the Clyde, as dealt with in his report, would 
become the type. 


We have no reason to take oa exception as to 
the general plan thus pe ee thoug rhaps 
some objections may be n to details, It is to 


be hoped that no unnecessary delay may occur in 
taking action, for bad as the Thames was some 
twenty years ago, the Clyde has for the same period 
to this day been infinitely worse. 


THE ROYAL SOCIETY SOIREE, 1876. 
On the evening of the 5th instant, at the invita- 
tion of the President and Council of the Royal 
Society, the Society’s rooms at Burlington House 
were the resort of men eminent in science and 
leading men in other walks of life. 
Dr. Hooker received his guests at the entrance 
to the library and suite of rooms in which, as has 
been the custom on similar occasions, a number of 
objects of scientific interest had been collected, and 
to which men of science who had anything new to 
bring forward had contributed. The “lion” of the 
evening—judging from the crowd around it—was 
the very beautiful ‘* bathometer” of Dr. C. William 
Siemens, F.R.S., for indicating the depth of the sea 
without the use of a sounding line, an. illustrated 
description of which a ee on page 259 of our 
number of the week before last. 
Dr. Siemens also exhibited a beautifully simple 





masses. may be demonstrated. 
consists of two cast-iron chambers. containing 
mercury, in free communication with each other 
through a horizontal wrought-iron tube. A weighty 
object being brought in proximity to either end of 
this tube, exercised an attractive influence upon the 
mercury contained in it, causing arise of level 
in the chamber nearest to. the influencing body and 


highest speeds there was 
periment possesses es: 


side by bifilar fibres attached to 
hanging in its ordinary 


instrument whereby the attractive influences of | ful 
This ‘instrument | fi fo 4 
could be detected ; but upon admitting the light to 
the second instrument, the vanes began 
there was simultaneously a decided 
envelope in the 
vanes were turning 
still rotating), the 
or zero 


level is indicated upon an exaggerated scale by the 
movement of an air-bubble in a horizontal glass 
tube, of small diameter, containing coloured alcohol, 
supported by the surfaces of the mei in the two 
chambers, and to which motion is given by the dis- 
placement due to the rising and falling of the 
mercury. 

A modification of this instrument. might well be 
applied for recording and registering the attractive 
influence of the moon upon the earth, of which the 
phenomena of the tides are the result, 

In the same room, but unfortunately packed away 
in a dark corner, were two most ingenious instru- 
ments, exhibited by Mr. W. F. Stanley, to which he 
has given the names respectively of chrono-barometer 
and chrono-thermometer — the former for taking 
barometric means oraveragea,and the latter for show- 
ing the mean readings of the thermometer, The 
two instruments are identical in principle, being 
founded on the alteration in the daily rate of a clock 
through raising or lowering of the centre of gravity 
of its pendulum. The chrono-barometer is nothing 
more than a clock having a mercurial barometer for 
its pendulum, and fitted with a dial by which the 
number of its beats in any required time is recorded, 
and from which the rate of the clock can be ascer- 
tained. It is clear from the above description that 
on an increase of atmospheric pressure the mercury 
in the barometer-pendulum will rise, the centre of 
gravity of the pendulum will thereby be lifted, and 
the rate of the clock will be accelerated, and, 
similarly, on a decrease of barometric pressure a 
corresponding decrease in the rate of the clock will 
be recorded: and as this variation takes place se- 
cond by second throughout the day, it follows that 
the daily error of time shown on the dial must be 
proportional to the absolute mean of the variation 
of the barometer during the same period. 

The action of the chrono-thermometer is exactly 
the same, the only difference being that the mercu- 
rial column in the pendulum is raised by its expan- 
sion by heat instead of by the pressure of the at- 
mosphere upon its exposed surface. 

At the centre table Mr. Edison showed his 
electric pen, by which a letter may be written or a 
drawing made, copies of which may be reproduced 
almost indefinitely. It consists of a pen or stile, 
from the point of which darts in and out at a speed 
of something like 2000 strokes per minute, a 
needle-point actuated by a tiny electro-magnetic 
engine attached to the top of the pen. As this in- 
strument traverses the paper, which it does with 
the smoothness of a quill pen, the needle-point 
traces out the writing in lines of perforations, thus 
producing a sort of stencil plate. ‘This perforated 
paper is then laid upon a second sheet and a roller 
covered with printing ink being passed over it a 
reproduction in continuous lines is printed through, 
and this operation may be repeated with the same 
perforated pattern several hun times. 

The soirée of last year will always be a memorable 
one, from the fact that Mr. Crookes’s radiometer was 
exhibited there for the first time. This year Mr. 
Crookes showed a series of experimental radiometers, 
which attracted much attention and which are a 
record of his further investigations in a branch of 
science which he has made his own. Qne of the 
most instructive of these modifications was an in- 
strument for showing how very small is the amount 
of residual air present within the envelope of a radio- 
meter, In it was ‘suspended by a fine silk fibre a 
piece of pith, past which whizzed at a great velocity, 
the vanes of ‘ Crookes’s light mill,” and even at the 
scarcely sufficient motion of 
the residual air to move the suspended pith. This ex- 
cial interest when compared 
with one which was shown in another room by Dr. 


Schuster. Two radiometers were suspended side by 
their envelopes, one 


position, its vanes being f ree 
. rotate, and the other averse 80 eee ¥ pox 
resting on its u) guide was 
alans tae at “| asmall mirror, so that the 
smallest rotation would be detected by the move- 
ment of a spot of light on ascreen, Whenapower- 
light was thrown upon the radiometer with 
xed arms no movement whatever of its envelope 


to spin, and 
rotation Ard 
opposite direction to that in which the 
~ a. few seconds (the * mill 
spot of light returned to its normal 
tion and i statio Upon 








yn de en of vessels. 
. John w having doubtless made him- 


a corresponding fall in the other, this difference of 


remained mary. 
now pitt amy off the light the vanes stopped, and 
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there was a similar decided rotation of the envelope, 
but this time in a contrary direction to that in 
which it moved when the light was first put on. 

This experiment was exhibited as a proof that 
the action of the radiometer is not due to radiation, 
and that the rotation of the envelope is caused by 
currents of residual air within it; but, in our opi- 
nion, it tends far more to support the correctness of 
Mr. Crookes’s theory ; for, surely a rotation of the 
residual air from a “churning” action of the 
vanes would cause the envelope to move in the same 
direction as they were turning, and not in the op- 
posite, more especially as motion in this direction 
would be assisted by the friction of the pivot in its 
centre. Want of space will not allow us to do 
more than allude to the other instruments exhi- 
bited by Mr. Crookes, including the balance by 
which the operation of ‘‘ Weighing a beam of light”* 
to the one millionth part of a grain was conducted, 
and by which the mechanical force of a candle 
12 in. distant has been ascertained to be 0.000444 
of a grain. 

In the principal library Mr. Spottiswoode, F.R.S., 
exhibited a magnificent pair of Nicol’s prisms, the 
largest yet made, having a clear circular area of 10 
square inches. Mr. Conrad W. Cooke showed a 
sample form of heliostat for maintaining a reflected 
beam of solar light in a constant position, the novelty 
of which consisted in its applicability to places 
where circumstances will admit of a beam of light 
from the north only being obtained. Mr. N. J. 
Holmes exhibited his new shipwreck light and fog 
alarms, The former is a tin canister filled with 
composition, which on being thrown overboard 
takes fire by the liberation of phosphide of hydrogen, 
eng an intensely brilliant light, which will 

urn for an hour or longer if required. 

The conversazione of 1876 was an especially 
brilliant one, and it is not too much to say that for 
interest and novelty it was in every way equal to 
any that have preceded it. 








THE CHESHIRE LINES COMMITTEE. 


Tue railway combination known under the title 
of the Cheshire Lines Committee, originated about 
1858, when the Manchester, Sheffield, and Lincoln- 
shire Railway Company undertook extensions of 
their system with the view of running to Liverpool. 
Some time afterward this company associated itself 
with the Great Northern, anda number of short 
lines were made, principally in the Cheshire salt 
districts, together with feeders to bring the local 
traffic to the main system. Communication with 
Liverpool was also obtained by the joint lines, a 
junction being made with the London and North- 
Western Railway, at Broadheath, twelve miles east 
of Warrington. Running powers over the London 
and North-Western from this junction to Garston 
were given to the joint lines, and at Garston a new 
branch was built, leaving the London and North- 
Western and running to Brunswick, a southern 
suburb of Liverpool. In 1866 the Midland joined 
the Great Northern and the Manchester, Sheffield, 
and Lincolnshire, thus completing the organisation 
of the Cheshire Lines Committee, and in the same 
year the Bill was obtained for -the construction of 
the Central Station Railway. Mr. John Fowler and 
Mr, W. M. Brydone were the joint engineers for 
this work which was carried out by Mr. W. Morton, 
and has already been fully illustrated and described 
in ENGINEERING (vide vol. xviii., page 65). . By this 
railway, which was begun in 1870 and completed 
in 1874, the joint lines are enabled to run into the 
centre of Liverpool. During the period of its con- 
struction the Cheshire Lines Committee was con- 
structing, under the title of the Liverpool Exten- 
sion Railway, a new line almost parallel to that 
length of the London and North-Western over which 
they possessed running powers, leaving their own 
system at the Broadheath Junction and joining it 
again at Garston. 

In 1874 another Bill was obtained, entitled “‘ The 
Cheshire Lines Committee Act, 1874,” which autho- 
rised the construction of some new lines, and this 
work, known as the Liverpool North Extension, is 
now being carried out, Mr. W M. Brydone being the 
engineer, and Mr. W. Morton engineer to the Com- 
mittee, The object of this line is to establish easy 
communication with the docks, and so to absorb a 
large ? of the enormous traffic entering and leav- 
ing the port. Leaving the Liverpool Extension 
Railway, it runs to the north end of the city, to a 





* See ENGINEERING, vol. xxi. page 133, 





point opposite the Huskisson and Sandon Docks, 
and near to the vast new docks in course of construc- 
tion by Mr. Lyster. It is here that the terminal 
station will be built, a very large amount of land 
having been acquired by the committee for the pur- 
pose, The total length of the line, with its two or 
three small branches, will be 14 miles, and though 
the works upon it are comparatively light, the cost 
of construction will be very heavy, partly on account 
of the provision made to lay four lines of rails, but 
chiefly because of the high value of the property 
through which the railway passes. In this respect, 
indeed, it partakes of the character of a city line, and 
the works are moreover constructed with a view to 
the extension of the suburbs through which it passes. 
The ruling gradient of the railway is 1 in 167, and 
the sharpest curve is 30 chains radius, Altogether 
there are about three-quarters of a mile of tunnel, 
and a considerable length of open cutting, chiefly 
through the new red sandstone upon which Liver- 
pool is founded; the cuttings therefore supply 
abundant materials for bridge piers and other parts 
of the work where masonry is used. All the arches 
of bridges, covered way, &c., are however formed of 
brick. The heaviest work upon this railway is a 
viaduct close to the dock terminus ; its height is in- 
considerable, but it isa quarter ofa mile in length 
and 90 ft. broad in the widest part, provision being 
made upon it for eight lines of rails. Although the 
property has been acquired for a width of four lines 
of rails for the whole length of the line, two only 
will be laid at present, and the cuttings are made 
only for this width, but all the bridges under roads 
are built for four lines of way. The Liverpool North 
Extension will pass under or over five different rail- 
ways belonging to the Lancashire and Yorkshire 
and to the London and North-Western Companies. 
The various stations upon the railways will be built 
for four lines with one central platform 18 ft. wide, 
and two side platforms of 15 ft. each. The works 
are being carried out by Messrs, Kirk and Parry, of 
Sleaford, to whom the contract was let for 390,000/., 
this sum not including permanent way, which is 
supplied by the Cheshire Lines Committee. The 
money for the construction of the works is subscribed 
by the three railway companies composing the com- 
mittee, in equal parts, and the line is to be opened 
for traffic in or about May, 1878. 


SEWAGE UTILISATION AT DANTZIC. 

WE have in previous numbers of ENGINEERING 
given full descriptions of the works carried out at 

antzic for the removal of the town sewage and 
drainage and the utilisation in irrigating some waste 
land about two miles off. The main works were 
mostly completed in 1871, in which year about 20 
acres (30 morgen) were brought under irrigation; 
in 1872 the acreage was 80, in 1873, 160, and in 
1874, 330 acres; this amount of irrigation is about 
one quarter of that intended to be developed even- 








tually, and is yet only one half of that necessary’ 


to cover the expenses, which include that of raising 
the sewage of the lower part of the town. We can- 
not therefore at this stage present any statement of 
the financial success of the undertaking that could 
be otherwise than speculative, although the progres- 
sive development would lead us to believe that 
either in the current or in the following year the 
extended irrigation will prove this conclusively ; but 
as this seems a reasonable prospect, the interest in 
these works now centres itself in the hygienic re- 
sults, which have now had sufficient time to show 
themselves, and in the chemical conditions of the 
sewage and the effluent water, and their action on 
the land. Ample information on this subject is 
given in two articles in the ‘* Deutsche Vierteljahrs- 
schrift fiir 6ffentliche Gesundheitspflege,” Part IV., 
1875, by Dr. Lissauer and Otto von Helm of Dant- 
zic, to the latter of whom the careful analyses of 
the soil, sewage, and effluent water are due; while 
the examination of organic forms discovered in 
these was conducted by Professor De Bary, of 
Strasburg, and an official investigation into the 
hygienic effect of the irrigation during a recent out- 
break of cholera in the neighbourhood was made by 
Dr. Hirsch, who was specially appointed by the 
Government for this purpose. 

We shall therefore quote largely from the results 
thus collected as well as observed by Dr. Lissauer, 
whose careful experiments and examination of effects 
produced are perhaps even more valuable than the 
observations made by his able co-operators. 

In the first place it may be remarked that the 
method of sewage irrigation adopted at Dantzic is 
by no means German, nor does it comprehend any 








system or modification of procedure rivalling those em- 
ployed in England. Sewage irrigation may have been 
adopted and conducted'on rather primitive principles 
and on a small scale in a’few ‘detached places 
in Northern Germany, as well as in other countries ; 
at Bunzlau, for instance, something of this sort has 
gone on since 1740, and results of. observation for 
the last twenty-five years at that place are quoted 
by Dr. Lissauer ; at Breslau also probably something 
corresponding, Far from being German, on the 
contrary, theresults at Dantzic are expressly 
mentioned as due to the successful application of the 
English method of applying sewage to the purposes 
of irrigation, This is the more remarkable since, 
while the results at Dantzic seem to be everything 
that can be desired, the effluent water innoxious, 
the hygienic regimen of the neighbourhood undis- 
turbed, the sewage crops excellent in every way, 
the vegetables grown eaten by the patients in a 
neighbouring hospital without any systems of ill- 
effects at any time, the land steadily improving in 
condition, the irrigation and sewage utilisation un- 
affected by the extremes of cold, yet the same 
system when applied in England, although at one 
time eagerly seized by the public, cannot be said to 
have grown in favour with the experience of very 
recent times. The sewage-riddance question’ in 
England has not yet, in the opinion of the general 
public, received a sufficiently satisfactory answer. 
The modes of dealing with sewage may be roughly 
classed under two heads, that of the irrigationists 
and filtrationists, who require sufficient land in the 
neighbourhool of the town for its disposal, and 
that of all the other methods, mechanical and 
chemical, that are successful in doing something 
better than the natural system of allowing it to 
settle in the subsoil or flow into the streams, While, 
then, the principles of the former class have hitherto 
shown a marked superiority over those of the latter, 
both in the abstract and in practically demonstrated 
effect, their results have been in most instances both 
a and defective toa certain degree, These de- 
ects have no doubt been almost invariably fully ac- 
counted for, in one instance by a deficiency of land, 
in another by its high cost preventing financial 
success, in another by the quality of the so-called 
sewage, which is sometimes so spoilt by excess of 
road grit or factory refuse, or substances of a non- 
fertilising nature as to render it comparatively value- 
less, in others by faulty and ignorant superin- 
tendence and farm management, as well as by the 
jobbery and waste liable to enter into arrangements 
and works of this, as well as of other, natures, If, 
then, Dantzic presents a case free from these defects, 
it may be justly regarded by. the irrigationists as a 
model, and as a proof of the unerring success of 
their system. under conditions: favourable to its 
adoption and under satisfactory management, 
he land on which the sewage of Dantzic is‘now 
utilised was formerly rented at 75 pfennigs per mor- 
gen, or about one shilling per acre ; it is now:rented 
y Mr. Aird on a thirty years’ lease at 20 thalers per 
morgen. It may generally therefore be considered 
to be a strip of waste land, consisting mostly of 
pure dune-sand, the surface of which is so light that 
it is blown about by the wind, while the sub-surface 
water in it rises to within 3 ft. to 5 ft. of the:surface, 
and sometimes even higher. -A closer examination 
of the soil shows that in addition to the dune-sand 
there is a large proportion of Fuchs-sand, , ‘This is 
a coast sand containing humous acid, and is like lig- 
nite, a vegetable deposit of the Miocene» period, 
occurring in accumulations or masses, and sometimes 
also in the form of extended strata: it is generally 
loose and friable, but not always so; when more 
adhesive it takes the form of irregular masses ; its 
colour varies from reddish yellow to brownish-red, 
Under the microscope it resembles ordinary sea-sand, 
but with the important difference that each grain 
has an external casing of a colour varying from 
yellow to dirty-brown ; one portion of this may be 
removed by immersion acd agitation in water, while 
the remainder requires either violent agitation in 
water or strong acid to disengage it; the’ himous 
acid in it can be remoyed by ammonia and other 
salts. Washing it in water produces a reddish pre- 
cipitate, the quantity being 0.873: percent. ; this 
sinks very slowly indeed ; after several days’. con- 
tinued filtration it can eventually be collected. “The 
precipitate, when collectéd in large quantities, con- 
tains a few céllular forms, but Sohuiate mmoetts: of 
fine oval grains of sand having a quick »molecular 
movement ; it is partly soluble in weakbriméyand 
when neutralised with acid® disengages “a” reddish. 
brown substance, : me 
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The constituents of the brownish-red Fuchs-sand 
are: 
1.740 t. of organic humous matter 
0.296 eee oxide of ~~ 


” ” e iron 
0.236 =, »» alumina 
0.025 ,, 4, lime” a 
12968 = ,, »» combined silica 
96.440 =, »» pure sand 





100. 

The ordinary soil of which the greater part of the 
irrigated area consists has been also subjected to 
further examination and experiment, both in its 
original state and after one, two, and three years of 
irrigation, in order to illustrate the effects, 

e experiments on the samples proved that as 
regards its capability of retaining the suspended 
matters in liquids > to it, that it entirely and 
completely retains suspended matters that are 
as fine as finely levigated reo As to percola. 
tion ; if the relative speeds of percolation through 
fine sand be taken as 1.00, that through coarse bog 
earth as 0.454, through loose loam at 0.192, and 
that through close loam at 0.023, then those of the 
samples of soil are 

that after one year’s irrigation, 0.760 
” two ” 0.526 
a9 three os 0.454 
or in effect that after three years’ irrigation, the soil 
which was originally little better in this respect than 
pure sand becomes equal in consistency and powers 
of retention to coarse bog-earth, while it shows it- 
self to have been affected to a depth of 15 centi- 
metres by the continuous irrigation, With reference 
to the absorbing powers of the soil, the experiments 
on the samples were made with sewage in its most 
concentrated form, or pure urine; the amounts of 
chlorides, sulphates, and phosphates, and the specific 
gravity being determined in each case both before 
and after its application, or allowing it to filter 
through ; the coflicients of absorption resulting were 
For pure sand, or previously unirrigated soil 2.7 
For soil after one year’s irrigation ... . 6.5 


” ” two ” eee a 

” ” three ” ove ». 10.3 
These experiments also proved that a crust of 
only 2.5 centimetres of en soil or grass roots 


raised the coefficient of sand from 2 to 5. These 
results also showed that the absorption of the phos- 
hates increased in a very marked degree with the 
onger continuance of irrigation, while that of 
the chlorides hardly increased at all, and that of the 
sulphates only slightly; thus demonstrating the 
error only too often countenanced y those versed 
in these matters, of supposing that the amount of 
chlorides contained in effluent water is a correct 
test of its degree of purity. These results also 
afforded sufficient sod that the purity of effluent 
water will continue to increase with a longer con- 
tinuance of irrigation, 

In our next article on this subject we shall enter 
into the analysis and conditions of the sewage 
liquid applied at Dantzic, and the effluent water, 
before entering into the hygienic conditions and 
other results of the irrigation already effected. 





Brtarum AND Canapa.—Comte Léopold d’ Aerschot has 
ne ae = es where he has — an —_ 

01 negotiate for some Belgian works a contract for 
20,000 tons of steel rails. 


REOPENING OF LiveRPoot Lanpine Strage.—A 
Liverpool correspondent writes us as follows: ‘‘ For the 
first time, since the lamentable fire in the July of 1874, the 
landing s was reo’ = ta yr its entire on 
Sat y the 8th of April without any ceremony. ring 
the reconstruction important alterations have been made ; 
the beams supporting the deck are now made of iron, and 
at short distances a a number of bulkheads have been 
built which extend from the pontoons to close under the 
deck, thus effectually cutting off all communication, so 
that in case ‘of fire again breaking out underneath it can 
now be confined to the compartment in which it occurs. 
I regret to say the embayment has been retained in its 
bee form, notwithstanding the efforts which were 

e after the fire to have it done away with in the recon- 
struction. This might have been effected at a very slight 
extra cost. I have inquired mem | from several of the 
captains of both ferry steamers tug-boats who are 
constantly going to and from the , and each one of 
them condemns it; one captain told me that no steamer 
could get out of it in a westerly . This I can vouch for, 





as I have seen the boats to start direct from the 
stage, having to slide it to the end and thus get head 
a long are now on with 


although this portion has fally com; for several 
months past. It is to be hoped that no will be made 
pushing on these much needed erections, and also that 
several kiosks on the Parisian style may be built, 


for the sale of newspapers, &c,”’ 









CARBON DEPOSITS IN BLAST FURNACES. 


(For Description, see Page 305.) 





’ 
@ benee > tases zesresys™ 
' 


: Vy ys 





2 
a 
i. 
LBs o> ame 


] 
iac> ~ vaitay seein gp senses gacest Wide Meiiaaiedlins te diced deine: emepiienele 





g 


LPUIIUMO GOD 


| OT ae 


yam aT ee ew 



















| 2 


WE 
WX g 


oe 











— 





IAG 
QA A GX 


























ENGINEERING, Apri 14, 1876. 





THE ORE-DRESSING WORKS ate 


(For Description, P 
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THE CLAUSTHAL WORKS.—No. VI. 
Stamp Hovse (“‘ PocHARBEIT”). 

Tue stamp house is shown in plan by the two- 
page engraving (Fig. 47), which we published the 
week before last, and in longitudinal and transverse 
section by Figs. 48 and 49 of the two- plate 
which accompanies our present number. e plan 
and longitudinal section, it will be noticed, are 
broken, the whole length of the building not being 
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cated in the description of the coarse rolls, along the 
channel 4 into the stamp trough (‘‘ Pochtrog”) c. 
The self-acting feed consists of a simple slide marked 
d in Fig. 50 (see also y to the left-hand side of 
Fig. 47), to which a reciprocating motion js com- 
municated by means of a connecting-rod and variable 
crank, The motion of the slide is very slow, a com- 


plete backward and forward motion, each 2} in., | g 


taking place in about one minute and a quarter. 
The water for the stamps is introduced by *, 
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PLAN OF ROTARY BUDDLE. 
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STAMP MILL DESIGNED BY HERR MEINICKE. 


shown. In designing this stamp house, it was in- 
tended to provide for the laying down of 120 stamps 
from 200 to 215 kilogrammes (i.¢. 440 Ib. to 480 Ib.) 
in weight, but of these only 80 areas yet laid down, 
these being disposed in eight stamp mills, each mill 
consisting of two sets of five stamps each. A de- 
tailed cross section of a stamp set is shown by 
— on the two-page engraving we publish this 
w 


The ore to be stamped, which is brought from the 
fine-jigging house is tipped into the hopper marked 
@ in Fig 50, and in the general views Figs. 47 and 49, 
and is thence delivered by means of a self-acting 
feed, similar to that which we have already indi- 





Fig. 50, into the dam-box g, and finds admittance 
into the stamp trough through the stamp sieve or 
grating h, the meshes of which are 0.039 in. wide. 
The stamped ore with the water after its exit 
from the stamp coffer, passes ~—’° the ing i, 
and further along the trough k. Should the stamp 
sieve become stopped up by dirt, wooden chips, or 
otherwise, the water being dammed back in the 
coffer, rises and passes off through the opening ¢ by 
m into the box », in which the chips, &c., are caught, 
and from which it overflows into the trough 4. 

The water and finely stamped ore from four such 
stamp sets (i.e. two stamp mills), pass along the 
channel 4, Figs. 47 and 49, for classification to the 











funnel (‘‘ Trichter”) apparatus, from which, accord- 
ing to the classification it passes on to two two- 
sieved jigging machines, c and c', and two three- 
sieved jigging machines dd’, Fig. 49. The coarser 
— which passes out from the apices of the 
unnels ¢ and /, is led to the two-sieved jigging 
machines ¢ c’, while the produce from the funnels 
and g’ to the three-sieved jigging machine 
d, and that from the four funnels 4, /', 4, 4° is con- 
ducted to the three-sieved jigging machine @'. 


Fig 1. 


MBINICKE’S FUNNEL SEPARATING APPARATUS. 


The funnels or classification apparatus consist of 
eight funnels, e, 1199's h', /?, 4°, square or rectan- 
gular in plan, with a conical opening in the bottom, 
t.¢., at the apex of each, which can be ted by a 
conical stopper. As the water and stamped ore flow 
over, the coarser and heavier particles are caught first 
in the funnels ¢ and /, and the lighter particles in the 
funnels 4 h' 1? 1’, t intermediate in the funnels 
9 9, While the fine slime which is still suspended in 
the water passes over and along the channel », 

The construction of the two-sieved jigging ma- 
chines is on the whole the same as that of the three- 
sieved machines, so that we shall limit ourselves to 
a description of the latter, one of which is shown in 
detail in Figs, 44, 45, and 46 on 298. 

The machines work with 120 to 130 strokes of $ in. 
per minute, the separation taking place through the 
sieves, ‘Through the first sieve a, a pure “‘ Schliech” 
(fine stuff ore) is obtained, and from the two 
others 4 andc¢ a more or less enriched produce, 
The material which has passed through the sieves 
into the hutch, is let out through the conical open. 
ings in the bottom into the underlying cisterns g, 4, 
and i, from which the water overflows by the 
notches m, m, and p, and passes along the channel 
marked i in: the general plan of the stamp house, 
Fig. 47, into the launders M, and from these after 
the test possible circulation among the wooden 
conduits % into the lower catch pits / which lic 
outside the building. 

The more or less enriched material from the sieves 
band ¢, is, according to circumstances, rejigged. or 
passed for further dressing on to the rotating buddles, 
or to a Rittinger’s ‘‘ Stossherd.” 

To return to the jigging once more: a poor pro- 
duce is obtained, which passes off through the slit d, 
Fig. 45, and goes along the channel fto the frames 
mm, Fig. 47, and, lastly, the fine slime passes 
off through the slits ¢¢, along the channel g, to the 
already mentioned launders M, and thence into 
the lower catch pits. 

To return now to the funnel apparatus from which 
the jigging machines are supplied, The turbid 
water Ses out through the channel marked x in 
the general plan, Fig. 47, into the large Spitzkiisten 
oo. These have the form of an inverted square 
pyramid, to the apex of which a syphon pipe is 
attached, having a stop-cock at the upper end, as 
shown in Fig. 49. The concentrated slime at the 
bottom of the v panenay ascends through the 
syphon pipes, an are along the conduit p, to 
the rotary buddles, of which there are two, an u 
and lower one for each of the two stamp mills (7.¢., 
20 stamps). 

From the upper buddle three pele areobtained, 
the first flows on to the lower buddle, the second, a 
middle product, goes to the lower catch pits, and the 


third, the pure galena in en of fine mar 
‘¢ Schliech”) goes into the underlying Sar pag 2th y 
he ing) ‘‘Schliech” receivers. From the lower 


buddle different products likewise are obtained, 
the one the turbid water which flows into the after 
catch pits, marked 22 on the general plan of the 
whole works which we published on page 35 of the 
present volume, another a middle product which 
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flows” into the lower catch pits, and thirdly varies in size from 1 to 15 millimetres (i.¢, 0,039 in, | the arranging for an easy and convenient adjust- 
The water which flows over from the} to 0.59 in.). ment of the lift of the stamps, and the heights of the 
trough sieve and a similar regulating (i.c., replacing), 


“ Schliech.” 
“ Schliech” receivers is led into the lower catch 
“pits. 

R The details of the construction of ‘the buddies is 
shown in Figs. 54 to 58, pages 298 and 303. These 
figures show details of the buddles in the auxiliary 
washing house, but we insert them here, as the 
collivis bulitias in both the auxiliary washing-house 
and in the stamp-house are similar. Fig. 54 is a 
vertical section of a pair of buddles, the upper 
one concave the lower convex. ‘The apparatus 
is driven by an endless screw and wormwheel 
making one revolution in four minutes, Fig. 55, page 
803, isa plan of the framework of the lower (convex) 
buddle, Fig 57, page 298, that of the upper (con- 
cave) buddle. Fig. 58 is an enlarged vertical 
section of the socket carrying the top part of the 
frame of the urge: convex buddle, together 
with the plate A (of which Fig. 56 is the plan) for 
spreading and distributing uniformly the slimes 
over the surface of the buddle. 

The details of the conduits for leading the slimes 
to the buddle, and of those for carrying away the 
dressed produce to the receivers, as well as the 
arrangements for working the brushes when they 
are used, or of water jets when used instead, are not 
shown, as it is not usual to do so; the workmen 
receive verbal instructions on the spot as to fixing 
these and other minor details. The design of the 
frames m, as well as their working, contains nothing 
unusual, so that we do not require to make any 
further remarks on them, 

The stamps, together with the jigging machines, 
buddles, and other rena vey! in the stamp house, 
are driven by a horizontal double-cylinder Corliss 
engines, Fig. 47, of 150 horse power, which is placed 
in the middle of the stamp house, and which, through 
the intervention of spur gearing, gives motion to 
the principal driving shaft ¢, which extends to both 
ends of the building, The manner in which the 

wer is transmitted to the various machines will 

clearly seen from the cross section, Fig. 49 
of the two-page engraving which we publish this 
week. 

Besides the machines already mentioned there 
are two centrifugal pumps w, Figs. 48 and 49, which 
are driven by the steam engine ; they serve to raise 
the clear water required for the various machines, 
from the cistern v, into the upper lying cistern w, 
from which it is delivered through the main piping 
z2' and g to both sides of the building and to the 
washing house for distribution to the different 
machines. 

In 1872 Herr Meinicke (the partner of Herr 
Riehn) was commissioned to e experiments to 
see if and how it was possible : 

1. 'To increase the effectiveness of the stamps 
with the same driving power. 

2, To reduce the consumption of water to a mini- 
mum, and 

8. As the slime from the stamps would be more 
concentrated to devise the best means for separa- 
tion and classification, 

The conclusions arrived at were the following: 

That an increased effect of the stamps might be 
anticipated if it were possible to prevent the stamps 
beating out hollows c Napf n,”) in the cast- 
iron bed at the bottom of the stamp trough, and so to 
arrange the construction that the lower end of the 
trough sieve should be always oa pretty nearly the 
same level as the upper edge of the worn bed of the 
stamps. Besides it appeared Le that an in- 
creased effect might be obtained by using a greater 
number of lighter stamps with correspondingly 
smaller faces either with the same or an increased 
number of blows per minute, 

Tn order to try experimentally this last conclusion 
one of the existing stamp mills was so altered as to 
contain four sets of four stam rach weighing 
308 lb., the face of the stamp heads being 5.6 in. 
square. ‘T'wo of these sets were so arranged as to 
sons blows per minute, the breadth of the stamp 

and of iron bedplate being the same ; the 
two other sets were so arranged as to give 90 blows 
per minute, the stamp heads in this case being not 
quite so broad as the cast-iron bedplate of the stamp 
trough, The lower end of the trough sieve or grating 
was placed nearly }in. (12 millimetres) above the to 
of the h bedplate, the sieve being so arran 
that it id be lowered 1 in. (2.5 centimetres) at a 
time.as the bedplate was worn away, so that the 
stampel ore was always carried off from the upper 
surface of the latter. The ore which, as already 
remarked, is supplied from the fine-jigging house 





The first experiment with the altered stamp mill 
showed, that the bedplate was very easily worn 
(i.e., stamped) down, especially with the three-lift 
stamp mill with 90 blows per minute, the lift of the 
stamps being about 5}in., the wearing taking place 
chiefly at the end stamps, under which (in conse- 
quence of the narrowness of the a | trough) the 
supply always first heaped itself and from which it 
gradually spread itself over the whole bed. 

It was attempted to remedy this defect by making 
the end stamps somewhat heavier than the rest but 
without the desired result, so that the only alter- 
native left was to reduce the number of end —— : 
by taking away the cast-iron separating plate be- 
tween two sets, so that each stamp mill then con- 
sisted of two sets containing eight stamps each. 
After this alteration had been effected the stamp- 
ing away of the bed was avoided and a comparison 
from several months’ trials could then be made 
between the old wooden and the new iron stamps. 

The results obtained showed that the iron stamp 
mill with 60 and that with 90 blows per minute 
gave exactly the same results, when with the latter 
the greatest care was exercised to keep a constant 
and proper supply of ore, the lift being kept as 
great as possible, and the height of the sieve 
being repeatedly adjusted. Directly, however, any 
quantity of ore had accumulated on the bed of the 
stamp trough of the three-lift stamp mill, its useful 
effects fell considerably below that of the two-lift 
stamps, so that on account of the practical incon- 
veniences attending the use of the former it was 
discarded in favour of the stamp mill giving 60 blows 
per minute, 

When compared with the old wooden stamp mills 
the results obtained were exceedingly favourable, 
the quantity of ore passed through increasing 
25 per cent, with the advantage that a less quantity 
of slime was produced and the stamping away of the 
trough bedplate was avoided. 

The circumstance that with sets of eight stamps, 
the falling stamp drops between two which are 
momentarily stationary was not injurious, although 
on the contrary it is advantageous when the ore 
undergoing stamping is always kept in constant 
motion so that the use of sets containing several 
stamps is in every case advisable. It is most 
suitable to have an odd number of stamps, 7, 9, 
or 11 (the latter being the maximum which can 
advantageously used) and so to arrange the set that 
the middle stamps shall stamp the ore towards the 
ends, and the end stamps shall stamp the ore 
towards the middle. 

With regard to the trough bedplate it appeared 
advisable not to make it quite as broad as the oe 5 
heads, The stamp guides are never so well fitted, 
and the bedplate never lies so firm in the bottom 
of the stamp trough that the stamp heads do not 
now and then project somewhat over the edge of the 
bedplate, thus producing an unequal wearing, and 
also in a very short time an injurious shock on the 
guides. When, however, the stamp heads project 
somewhat over the trough bedplate these evils are 
avoided as well as the stamping out of hollows 
(‘* Napfpochen”) in the bedplate, for the rim wears 
itself constantly or gradually down so that in extreme 
cases the hollows are never more than jin. deep. 

The bed can be worn down to 1.6 in. in thickness 
without becoming loose, and the useful effect of the 
stamps remains constant in spite of all the wearing, 
so that they serve all the purposes of revolving 
stamps, and have besides the advantage of greater 
simplicity and durability. 

The consumption of water in the new arrangement 
of stamps was much reduced, and the water used 
was withdrawn through several conical (stoppered) 
openings placed as low as possible in the stamp 
trunk. The stamped ore which had been carried 
out through the Fong sieve fell in consequence 
of its own weight to the conical openings, so that 
a comparatively small stream of water sufficed to 
carry it off. 

After the two chief questions, viz, the obtaining 
of a greater effect with less consumption of water 
to the same power had been solved, it was necessary 
to alter the stamp mills in such a manner that the 
unavoidable repairs might be effected in the shortest 
possible time and without requiring any special 
skilled labour, and so occasion buta small cost, two 
things which are of essential influence on the 
capabilities of large works. Besides the unavoidable 
replacing of the worn out stamp heads and trough 
bedplates, the chief points of consideration were 


be | four months. 





of the stamp guides so t the workmen, on 
account of the construction, should. be compelled to 
replace the stamps always in their old position, for 
it is only ‘under this condition that the use of a 
narrow trough bedplate can generally be considered 
as admissible. 

The altered construction of the stamps to suit the 
foregoing mentioned requirements is shown in 
Figs. 1 to 10, pose 303. In this arrangement the 
adjustment of the trough sieve to the worn 
surface of the bed plate is provided for, in that 
about three sieve frames are kept in store, so that 
by replacing them successively the bottom of the 
sieve is lowered about lin. each time. 

The fastening of the tappets to the square sec- 
tioned iron shaft of the stamps is shown in Figs. 4, 
5, 6, and 7, page 303. In these views a is the cast- 
iron tappet which is provided with a projecting 
piece 4. The sides a of the tappets are continued 
backward, so as to fit the stamp shaft on two sides, 
as will be seen in the plan, Fig.7. The projecting 
piece 4 and the shaft s are surrounded by the 
wrought-iron ring ¢, and tightened up by the cotter 
d, Fig. 6 being a plan showing this ring in place. 
rhis is an extremely safe and convenient method 
of attachment, which with but a small variation 
in the lift allows the number of notches in the 
shaft to be considerably reduced when several 
tappets are kept in store, having the position of the 
projections (corresponding to the notches in the 
shaft) somewhat varied. It is quite unnecessary to 
have the rubbing face of the tappet as a separate 
replaceable piece, since the durability of the tappets 
by proper construction of the stamps is very great. 

The guide for the stamps is shown in Figs. 8 and 9, 
It consists of two planed wooden guides a kept 
everywhere at equal distances apart by means of the 
cast-iron blocks J, and bolted together, and to thetwo 
cast-iron bearers ¢ ¢c by means of bolts which pass 
through the blocks 4. The blocks 4 4 are fitted on 
each side with thin pieces of wood dd, which are 
dovetailed into the blocks, It will thus be seen that 
the sliding surfaces of the guides with which the 
shafts come in contact are all of wood. A real ad- 
justment of the guides does not take place, but 
rather a replacement of them. With day and 
night work this requires to be done every three or 
The small wooden side pieces d are 
replaced by: new ones, and the longer wooden guide 
pieces @ are replaned. 

In order to compel the workmen to replace the 
guides in their old position, the arrangement indi- 
cated in Figs. 1, 2, and 3, page 303, was devised, 
The bearers //, which are planed on their upper sur- 
faces, are attached to the side standards i i at corres- 
ponding heights, so that when the guides are taken 
out and replaced they only require fixing to the 
bearers vA J to remain always in a vertical position. 
Above the bearers f -f tongue pieces g are screwed to 
the standards, and which.are fixed vertically under 
each other. These tongue pieces have the same 
breadth as the stamp shafts. Against these tongue 

ieces the wooden guides a a, and the cast-iron 

Ganen oceans puna the bolts 4, so that in this 
manner the stamps remain always in their proper 
position. 

The cams fit each other with clutches, which has 
the advantage that it is only necessary to key one of 
them to the shaft, The end of the stamp shaft is 
made conical, this end fitting into a conical socket 
in the stamp head without further fastening. This 
altered construction has been tried now hee over 
two years giving every satisfaction, so that all the 
former wooder stamp mills have been altered to 
correspond. 

The (in consequence of the smaller quantity of 
water used) more concentrated produce from the 
stamps is separated and deposited in the funnel ap- 
paratus, shown in Figs. ] to 4, page 303, after having 

through a revolving screen with holes first 
millimetres (i.e. $5 of an inch) wide. The con- 
struction of the apparatus depends upon the follow- 
ing considerations: If the produce from the stamps 
be led along a channel with suitabie inclination 
and section and falls over at the end into 4 


somewhat lower lying vessel, the icles of 
water and the contained particles of ore and attle 
will fall over in definite curves, the heavier 


metalliferous particles in steeper and the lighter 
non-metalliferous i a ve steep curves. 


Sup now, however, that the greater portion 
of the stream is caught and led furtheraway, whilst 
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CARBON DEPOSITS IN.-GAS FLUES. 
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only the smaller portion is allowed to fall through 
a notch in the bottom of the channel into a receiver, 
it is evident that in this manner we should have the 
coarser and heavier particles in the receiver, and up 
to a certain proportion in the size and weight of the 
earthy and metalliferous particles that this process 
could be advantageously repeated, and we should 
thus have a successive classification of the produce 
from the stamps. 

The deposition of the very fine particles on the 
contrary would bé most favoured by the smallest 
possible velocity of the stream, so that the same 
stream, if caused to flow over the same area in a 
slow and deep current, will deposit more of the very 
fine metalliferous particles it contains than if it 
flowed in a shallow but rapid current. 

To fulfil these conditions the funnel a paratae, 
shown in Figs. 1 to 4, page 303, was devised by Herr 
Meinicke. At the upper end of the apparatus the 
stream is at the same time shallow and flows with 
considerable velocity, so that in the first two funnels 
only the heaviest particles are deposited, but the 
channel is made to widen rapidly, and at the end 
to obtain the condition of a deep and slow current; 
the greater part is caused to flow out under pres- 
sure throws the slit below the board a, which acts 
as adam, and only a small portion of the stream 
flows over the upper level of a, so that in thefunnels 
5 and 6 we obtain the finer particles. There will 
always be a certain quantity of these fine particles 
or slime carried down with the coarser varieties in 
the funnels], 2, 3,and 4. In order to separate this 
finer slime the arrangements shown in Figs. 3 and 4 
are made use of: in. these views 4 is the bottom of 
the funnel out of which the produce flows on to the 
small incline channel 4, which is provided with a 
rather large slit ¢ at its. lower end, through which 
the produce falls into the vessel below’ and then 
along the channel d to the jigging machines. In 
falling through the slit c, however, it is met by 
an upward stream of clear water which rises from 
the conical opening ¢ and carries back the very fine 
particles (slime, &c.) and flows over on to and is 
carried away along the channel /; so that in this 
manner only the coarser particles from the funnels 
1, 2, 3, and 4 are carried to the jigging machines. 

With this arrangement, and by introducing as 
before remarked a revolving riddle, we obtain five 
sharply distinct produets for jigging free from slime 
and two slime products which are ready for further 
dressing. Of course the whole of the slime will not 
be thrown down, as we have here to deal with 
aconcentrated stream from the stamps. It is always 
advisable to allow the very fine slime to deposit 
itself in caring ,. Sterne, aud | then by suBehie 
arrangements to er it to the proper dressing 
— ines, such ag buddies, &c. 

he apparatus just described has the great ad- 
vantage over the Hittingen Spitzkiisten that the de- 
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position of the slime, &c., takes place over a much 
smaller area and in vessels which do not require to 


avoided, but. the out-flowing stream is ready to 
assed directly to the different machines (frames, 
uddles, &c.) which is seldom or never the case with 


Spitzkusten. The amount of fresh water required 
for clearing the Dg for the jigging machines is 
also less. e slime from the original stream and 


that from the cleared produce for jigging must be 
united before being passed into the funnels in which 
the slime is deposited. 


CARBON DEPOSITS IN BLAST FURNACES. 

In our issues of the last two weeks (vide pages 262 and 
275) we published a very interesting paper on “ Carbon 
Deposits in Blast Furnaces,” read by Mr. John Pattinson 
before the Iron and Steel Institute, and we this week give on 
page 802 a section of the blast furnaces at the Tees Iron 
Works to which Mr. Pattinson specially referred. We also 
annex a section of the gas flue referred to by Mr, Pattinson. 
The references to the blast furnace section en page 302 are 
as follows : 

A shows original shape of inside of furnace. 

B shows firebrick lining still remaining when furnaces 
were blown out. " 

C represents a white opaque porcelain-like semi-fused 
mass, containing a large quantity of alkaline salts, extend- 
ing from 22 ft. to about 49 ft. from hearth. 

D. Scars, 

E, F, G. Bricks disintegrated by carbon deposit. 


COMPOUND ENGINES, 
On the C: md Surface py ae | Engines of the 
addle Steamer “‘ Hirondelle.”’* } 

By M. J, A. Normanp, Naval Architect and Marine 

Engineer, Havre, Ce. 

As it may be seen by the accompanying drawings, these 
engines, which I designed and built last year, are of an en- 
tirely new type. 

The Sasa gtieider is placed above the one, both 
converging towards the axis of the paddle shaft. .Each 
cylinder acts upon one crank, and the cranks are connected 
by a drag link. The irregular space formed by the obliquity 
of the two: cylinders serves as an inte reservoir. 
The axes of the cylinders are not situated exactly in the 
same vertical plane. The distance between these axes being 
less than that of the two crank pins, the coi i 

havea slight lateral deviation, as in Randolph and er’s 


idle 
Pete followin wing advantages seem to belong to this new type 
e : 











1. Lightness. 
2. Great stability of the whole mechanism, provided’ the 
box beam on which rest the ends of the framings be properly 


3. Siena ; there being no intermediate shaft, and the 

worki Rete ay ee 
eusings ings of the hull. 

4. Small encumbrance of the engine room. 

The condenser, which is entirely independent of the 

linder, is provided with one cluster of tubes only, instead 

two or three, as in ordi tion of 
water is effected 

The f 











be nearly so deep, and not only are the syphon pipes 


condenser: In order to increase the quantity of water, 
which is generally insufficient when no mechanical con- 
trivance is uséd for the circulation, the tubes of the con- 
denser are provided, at both ends, with a conical nozzle. 

In the engine of the Hirondelle, the packing of the tubes 
consists of a sheet of india-rubber; and the nozzles are very 
simply obtained by countersinking the holes of the com- 
pressing brass plates. By these means, the of the 
stream may be made to increase ually at the ends of the 
tubes, instead of changing suddenly from 1 to 8 or 4, and 
vice véersd. As will further be seen, the arrangement has 
answered exceedingly well, and the quantity ‘of water 
running through the condenser: is: proportionately 
greater than is generally the case. 

A-simple arrangement has been provided for causing, 
during stoppages, a circulation of water sufficient to prevent 
the- vacuum from vanishing. 

A ree ew is made to open in the after canal and in the 
direction of the ordinary flow of the circulating water.- It 


has been impossible to measure the quanti steam thus 
expended, but, when at moorings, with the engines 
running at full speed, a small jet has found sufficient to 


insure a vacuum of 26 in. @ pipe can be made, as in the 
Hirondelle, much larger than necessary for that 
only, so as to be available for the escape of steam, when the 
pressure is too high—a gvod plan, especially on board 
passenger steamers. 

On account of the small pxpension of steam (about four 
times), and in order to reduce the weight of thé machinery, 
the cylinders are not steam jacketted, but covered with felt 
and wood, © The steam is slightly superheated in the smoke- 
box. Ifa ter expansion were used, it would be in- 


pestle to dispense with steam jackets, espocially for the 
ow-pressure cylinder. 


The following are’the principal dimensions of the hull and 


engines of the Hirondelle : 
Hott. ft. in, 
Length of load line... 144 0 
Breadth, extreme ... ‘ei ch nab ives aw 
Depth from upper side of keel plate to 
of beams, measured at beam’s end 9 %% 
Draught of water with 19 tons coals and 
extra weight... oes ave ow & & 
ENGINES. 
Length of stroke ... ond sss 0 37 
Diameter of high-pressure cylinder 0 
Diameter of low-pressure pe pr 0 47. 
Admission of steam in high-pressure and 
low-pressure cylinders in cents. of 
a a és ( Ss alin , 193 
Diameter of air pump (single acting) .. 0 19 
Length of stroke of ditto... co riper) ee 
Diameter of paddle-wheels at centre of 
rotation of floats... a6 sy wo I 2 
CoNDENSER. 
Total number of tubes... avo 
Internal diameter of tubes one .« ($in-) 16mm. 
External __se,, oe ove “18 mm, 
Length of tubes inside tube plates «» 5 ft. Sin. 
Total condensing surface... .:5 1. 868 8q: ft. 
Smallest section of the circulating water 
canal i, HO dei Ke ow 0 8q. ft. 69 


BorLEer. - 

The Boiler (single) is entirely made of Mild Steel. 
Pressure... pon doe ra ma 50 Ib. 
— peaking Gates re ‘ia pried mag 

8 ace oe ow oo . . 
= trials made in September last gave the following 
At full s (18 knots, 400 horse power, and 47 revolu- 

tions) the temperature of circulating water was found to be 


at entrance 68 deg. and at exit 77 . Fahr., the feed vary- 
Hf in, 95 deg. to 100 deg. oe vacuum in condenser was 


weight of circulating water was about 430 tons per 

hour, and the speed, at entrance and exit, from 0.28 to 0.30 
that of the vessel. At very low speed (28 revolutions), the 
temperature of circula water, at exit, was reduced to 
78 deg., and that of feed to 89 deg. ' 

This winter, the vacuum has risen from } in. to 1 in. 

These results seem to show that, ided good care is 
taken to reduce, as much as possible, the resistance ex- 
ny be dippeaned Githe witibotinersasiag thewrtinedt tor. 
ma; without increasing the con- 

- surface. I confidently expect that, even atlow 
with strong head wind, the vacuum would be sufficient. 





Krurr Guns av THE PHILADELPHIA EXHIBITION.— 
The guns destined for the Philadelphia Exhibition left 
Herr Krupp’s establishment at the end of last month. 
They include in their number one of the new 35}-centimetre 
. It will be remembered that at the Vienna Exhibi- 
fon the firm closed their show of heavy 
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PRICH LIST OF MATHRIALS. 
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THE PIECE-WORK QUESTION. 

Ws subjoin a supplement to the annual report presented to 
the aoe of the — Trades .Empl ” Association at 
their meeting held yesterday week at Nottingham. Containing 
as it does valuable and trustworthy information, bearing upon 
the piece-work question, this supplement to the report is of 
much interest. It will be seen that it fully corroborates 
the opinion which we have ourselves expressed on this 
matter. The supplement is as follows : 





The inquiry ordered by the Committee was chiefly di- 
rected to questions which had been raised by the trades 
unionists Tees the discussion in London and provincial 
papers, as to the strike which had taken place against piece- 
work at Eastons and Anderson’s at Erith. It had been 
specially urged by officers of the Amalgamated Society of 
Engineers— 

1st. That the practice of piece-work placed the men 
under the tyranny of what was called the “ butty” or 
piece-master system, and that the workman under this sys- 
tem did not get his share of the results, as they were 
monopolised by the piece-master. 

2nd. That it frequently happened that workmen actually 
found at the end of a job on which they had been at work, 
that they were in debt to their employers, inasmuch as they 
had not earned the full amount of their weekly rated wages, 
and were forced to pay the deficiency. 

8rd. That the results, even when equally distributed, were 
small in amount, and that actual earnings were reduced by 
the system, as wages were brought down by this process to 
the lowest possible point. 

The inquiry now concluded helps to illustrate the three 
allegations thus made in a very remarkable manner, as 
shown by the following figures, which are based upon 
ninety-seven returns from employers who practise piece- 
work in different parts of the country. 

lst. As to the practice of the “butty” or “ piece-master ” 

stem. Of the ninety-seven employers whose returns are 

ealt with, the figures show that sixty paid their hands, each 
man individually, through the pay office, the proportion to 
be paid to each man on any given job being made out b 
the employer’s agents, no piece-master being known. Fif- 
teen pce pay through a piece-master ; and eleven 
employers have both methods at work in their establish- 
ments ; the latter stating that the piece-master system is 
only practised on a limited scale, and on exceptional classes 
of work, where, by mutua! agreement, a gang or set of men 
so arrange to receive their earnings. Eleven employers 
have e no return on this question. 

2nd. As to the assertion that men are frequently on settle- 
ment declared in debt to their employers, because they have 
not earned their weekly ratings, and that they have to meet 
the deficiency, as the employer abates it from their —. 
Upon this point, forty-siz employers declare that they 
make no abatement whatever in such cases. Eleven say that 
such a state of things never has occurred in their works, as 
men always earn more than their weekly ratings. Thirteen 
state that they make the abatement out of the next accruing 
balance which stands to the credit of any workman who may 
by chance have failed to make his weekly ratings ; this, 
however, very rarely happens. leven employers state 
simply, that they abate the deficiency from the man’s earn- 
ings, but do not say whether this is done on the ratings of 
the week, or is carried forward as a debit against any subse- 
quent piece-work balance. Five say adeticiency seldom or 
never happens. leven employers are silent on this head. 

rd. As to monetary results to workmen. In this respect 
it is difficult to generalise conclusively. The inquiries were 
strictly confined to the proportionate addition made to the 
ordinary wages on a week of 54 hours, and information was 
sought as to additions to wages in each department of the 
engineering and iron trades. In some instances the returns 
have given the details asked for, but as this has not been the 
case in every shop, no classified returns can be given ; the 
replies, however, are aggregations over @ —_ of six 
months, and the figures go to show that the additional earn- 
ings vary from 15 per cent. to 75 per cent. on the weekly 
ratings. The lower earnings are exceptional, and confined 
to small concerns. 


From the ninety-seven sheets sent in to the [secretary by | these 


employers who practise piece-work, the following informa- 
tion is obtained as to additional earnings :— 

a a only state the additions to the 
weekly earnings of the men, and their tables show the an- 
nexed results. 

enty-seven employers pay from 12} per cent. to 30 
cent. in addition to Reed weekly rates ; thirty-three enghapens 
pay from 30 per cent. to 46 per cent. additional; twenty-six 
os kicks y from 45 per cent. upwards, several returning 
as as 75 per cent. in addition to weekly ratings. 

In the case of those whose percentage additions are given 
on the first division, or lowest scale in the preceding state- 
ment, it is desirable to explain, that the number of workmen 
in the several shops taken in the calculation, is relatively 
much smaller than the number taken in the second or third 
divisions, The largest number of workmen in relation to the 
number of employers will be found in the second division, 
where the wages paid are stated as from 30 per cent. to 45 
per cent. above the weekly ratings of the men employed. 

_ In one important respect the information gained by this 
inquiry is most conclusive. One of the objections to piece- 
work (see clause No. 3, at the commencement of this supple- 
ment) is, that by its application, weekly ratings are solteed 
the lowest possible poles. The replies have shown that 
weekly ratings are higher in districts where piece-work most 
obtains, than where it is never practised ; and that the 
Centage additions on piece-work balances are highest in 
Sele ams thew y ratings of the men are also on the 
of the inquiry seems therefore to 
the best qualified and ablest workmen are found 


seale. The result 
show that i 
where ) 


Eleven employers who have made returns 
have made no statement as to additional 


respect. 

The number of employers—all being members of this As- 
sociation — who were asked to give information was one 
hundred and ninety-eight. Of this number, one hundred and 
Jifty-seven replied; ninety-seven stating that they practised 
piece-work in their shops, some, in all possible departments, 
and some on a limited scale only; and sixty employers wrote 
to say that they did not practise piece-work ; in some instances, 
because it was not adapted to their trade; in some, because 
the hostility of the men: this is, however, only exceptional 
in its occurrence. Many of the replies state the desire the 
men have for piece-work, and from some important districts the 
returns show that the men, who have learned its value to the 
able and industrious mechanic, would strongly resist any pro- 
posal to limit its operations. 

The information now dealt with is satisfactory, and its im- 


as to piece-work, 
earnings in this 


to the test of facts. In the light of such a statement as is 
now given, itis hoped that at some future date more complete 
returns may be obtained upon this subject, if it be found de- 
sirable to collect more minutely detailed information. 
present inquiry has been conducted in con! the name 
of no employer who has sent in returns has been used, or can 
be known to any member or officer of the Association, as the 
pers have been sealed up; the results as now given 
eing all that has been required for the purposes of the Asso- 
ciation. 








ON CIRCULAR IRONCLADS.+ 


By E. E. Goutazrr, F.R.S.N.A., Lieutenant of Naval 
Architects, Imperial Russian Navy. 
(Concluded from page 284.) 


THE construction of the second popoffka was advancing 
less rapidly, but this was due to the intention to improve 
her fighting efficiency, and to insure more perfect armour 
protection. Accordingly, the diameter and displacement 
were enlarged to what it is shown in the preceding Table. 
That was easily done, because very little addition to the 
then pleted double bottom of the hull was required. 
The very small addition of only 10 ft. on each side of the 
vessel allowed the size of the to be increased from 
28 tons to 41 tons each, to add to the armour additional 
7 in. of solid iron completely round the vessel and the turret, 
rma feet everywhere equivalent to 1 ft. 6in., and to 
more than double the power acting upon each of the middle 
screws on each side. ese two screws were consequently 
made larger, and their shafting been lowered nearer to the 
inner skin of the double bottom ; these screws being meant 
to npn the ship’s speed while she is steaming in deep 
water. 

The 41-ton guns in the turret of this ship will be mounted 
according to Lieutenant Raskasoff’s plan, which has been 
skilfully worked jout by the well-known—in professional 
circles—engineers, Eastons and Anderson. By this plan 
the guns will be worked by hydraulic , and will be 
lowered down to be loaded and aimed behind the protection 
of the thick turret-armour. On each side of the super- 
structure, and within it, four smaller guns are placed, a 
to throw projectiles efficient enough to penetrate the sides of 
unarmo' vessels or boats and destroy them. These 
guns are above the reach of the sea. Being a bi ship, 
the Admiral Popoff (such is the name of the Bote popoffka) 
is in e respect better than her first consort, and both in 
seaworthiness and speed she will surpassher. The ventila- 
tion of this ship is still more improved as compared with 
that of the Novgorod. The extensive superstructure affords 
accommodation for an admiral, captain, officers, and men, 
A << and light as on board any best broad- 
side ship. 

As we have seen, the service for which the existing two 
vessels have been designed, admitted only a very limited 
draught. Not only that, but the diameters of these ships, 
too, were similarly restricted by the means which we 
possessed in the Black Sea for hauling up v in order 
to examine and make any repairs to their bottoms. The 
only dock which existed at the time 'when the building of 
vi was sanctioned, was the patent slip, with 
two ways, for hauling up merchant ships of 1200 tons on 
each. This then settled the displacement of the Novgorod. 
The entrance to that dock is 120 ft. wide, and that has de- 


* The strike at Erith has been the cause of many earnest 
public discussions of this question, the latest of which took 
place at London, on Monday, the 20th March, and one of the 
a Mr. Mundella, M.P., thus gave his opinion upon the 
subject. 


“ He was an advocate of piece-work. Of the 240,000,000. 
a year of English exports, he believed he was right in saying 
that fully 90 per cent. were made by the piece. Of textile 
manufactures they exported, in 1874, 120,000,0002. worth, and 
these had all been paid by thepiece. So it was with iron and 
steel to the extent of,31,000,000/.; and also with coal, cutlery, 
haberdashery, and other small articles, all of which, so far as 
—— were aon. —— the Lg weeny system. 
was more piece-w e maintained, done in England 
than in any other country in the world; and the more it 
extended better for the workmen, whether they liked it 
not. 


“Scamping was as often done under the day-work 
the piece-work system, for the master could. 
under both, and urge them to “slip” it. The question 
point ent — amount of money me Oe master 
to t superintendence di ive as to 
Picoo-work tended to i g the work were 








of | doubted by the writers to the certain 
dmiral 


portance great, as it is the first sory y to submit the question | persis 


The | Russia, this bold idea of Admiral Popoff’s 


cided the enlarged diameter of the pepetine Afuizel Pract 
with all allowances. Next , when the new i 
dock, on Clark and S 8 principle, will be com) 

there will be no such limitation of the diameter and size 
eS popoffkas, as such dock can be infinitely ex- 


Not only the capability of ing heavy guns and 
thick armour, or the Fe! ties ie speed of 
these vessels, but even the possibility of their flotation upon 


water, and of their ability of steaming straight, were 
certain Russian newspapers 
which opposed A Popoff in a most thoughtless manner 
during nearly a year; but, at the end, they only proved the 
truth of the proverb, a prophet _ ge ses honour, 
save in own country.” _ i ve already 
given some due consideration to the PE rye y speaking 
now only as a naval architect, it may be hoped that the 
same thing will not be repeated here, and that Mr. Reed’s 
istent advocacy of extremely short and extremely broad 
vessels, the advan’ of which he has so ably demonstrated 
in his lecture ‘‘ On Ci Iro .” above referred, wi 

be listened to with more confidence and —- As to 


not have 
been, puere ever accepted and carried out, but thanks to 

+ know and remarkable foresight, which always 

istinguished the Grand Duke Constantine, the Lord High 
Admiral of Russia, who knew how to appreciate the enor- 
mous ——. of the forces that recent discoveries, such 
as introduction of iron and steam propulsion, have 
at the command of men, and the egrens 4 for changes in 
naval construction mene upon such ¢ condi- 
tions. Thus, following ugh the development of the 
admiral’s idea into the existing ships, we would find the 
untiring and constant encouragement and assistance of 
His Imperial Highness, and the gracious patronage of His 
Imperial Majesty himself. 

e have seen that the two existing circular ironclads 
were designed and built for oo purposes. We have also 
seen that their diameters and draughts were very restricted. 
Now I will beg you to turn your attention to the great 
field which the adoption of circular ships of unrestricted 
dimensions is opening to those who care for the develop- 
ment of the most important quality of fleets, namely, 
their offensive power. 

The constant increase in size of ordinary war ships as 
shown by the — of naval construction for the last 
17 years, has driven us into such dimensions and cost, as 
would have been incredible before the armour was intro- 
duced. And yet, these + efforts to increase the defensive 
and offensive qualities have resulted only in reaching 14-in. 
armour as the maximum thickness attainedin a completely 


protected ship. Increased , ready to penetrate any 
such armour, have t ptes birth to Mr. Beed’s now famous 
design of a citadel ship, and, in my humble admiration 
of this great idea, as — by the distinguished gentle- 
man who at present so ably fills the office of the Director 
of Naval Construction of England, and as embodied in the 
Inflexible, I feel confident that no bigger guns and no 
thicker armour can possibly be ied by any future iron- 
clad of the same displacement, if the same portions of 

h to breadth be adhered to. With v of such size 
and proportions, though we are able to measure armour 


not by inches, but feet, yet such measurement is applicable 
to the protection of the ** vital’ in the 
number of guns, even the Inflexible, vious 


heavy-turreted ironclads, carries only four, mounted in two 


turrets. 

Such, then, is the defensive and offensive power of the 
very best of all ships of what may be called the ordinary 
type yet in existence, and therefore we may the 
armour, varying over the protected surface of a citadel 
and turrets from 16in. to 2ft., and four guns in two 


turrets, as the limits of the fighting and defensive yg 
haw poner. ship of 320 ft. in length, and about ft. 
ught. 

But already we are perfectly sure that the progress of 
artillery will not end with the completion of an Biton 4 
and {a ship of the same enormous size and prsoeesoes 
would be able to carry on the same draught only two 
160-ton guns, and perhaps none of the of the 
future, say, i the weight of 500 tons each. 
The only > , get means of fe any 
ordinary long ship, of any ordinary proportions, an 
additional number of turrets to enclose greater number 
of boy Bag wd , would be to such ship, and to 
make her | h equal to 400 ft., or ft., or ft., &., 
and the draught equal to 35 ft., or 45 ft., or 55 +9 AC 
cording to the number of required. “As 
cessive ,’ says Mr. , ‘*we know that in the only 
great i action which has been f pe SS a 8 Ss 
and narrow ship, by her agony « turning . 

ht discredit and di on the Italian navy at 
Lissa.”’ Yet the 4 referred to here had the less 
than 300 ft., alt she is somewhat less than of the 
i breadth. The importance of smaller draught was 
remarkably well demonstrated by the passive a de of 
the French navy in the Baltic, during the last war, not- 
withstanding the superiority in number and Fase dy the 
zane ships as compared with those of the navy, 
at the time. 

Returning to the circular vessels, and com 
Novgorod and the Admiral Popoff with any of t 
ships of whatever navy, ing the same 

by the same armour, it will be 
their size is remarkably small. For instance, in the 
is 2500 tons 
4919 tons, aod the Admiral P but 3550 tons. There- 








established practice in any given shop 


or district, 





3 yet t 

is 
f paper Cee i capable of being 
qularged endliy several times tien size before 
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and hts would exceed those which are | Purpose the 2a was drawn and obtained similarly) Conseq , choosing ont of an infinite . variety of 
Bis cat ates tar ee Pet phe | Sa Sop ght tage ee recov nse err 
r er were ’ 
of the 8 so enlarged, both in the direction of for » 1é-knot sper a elie my ae , 8 | obtain enim of tie taavenh gaan ig 
lng ake : in the case ships, was pro . in- | armour of ‘any the’ limits of practical 
the kind assent of Mr. Barnaby, I have had the ad- power has taken more from the useful part necessity, and yet not exceeding the draught of ordinary 
van of seeing, at Torquay, several most valuable ex- | of the displacement; means of s 
con! 































on the resistance of the cirenlar models, con- cireular ships will be more mical than. t 
Bored by Mr. Fronde with all the precision and wonderful | circular ane f ~ 


isting ones of shapes, because from the adjoin- 













































ability which have made him so n t and well ing Table we can see that, even at the great speed, the 
known, not only in England but in and elsew com: with the most powerful vessel in the world. 
In ucing my diagram before your notice to-day, I) When the weight of the circular hull is about double that 

to trust, that, although the ents are still in- | of an ordinary ship, she would float four times a greater Proportion of 


Proportion of Power 
pee owed Hull! to Weight of 
to Weight of | Armour and 
Armour and Guns Pro- 
Guns, Carried.|tected, Driven. 


number of guns; whilst when the weight of hull is about 
treble that of an ordinary ship, her fighting efficiency will 
be from seven to eight times the efficiency of an ae 
ship, notwithstanding everywhere uniform protection by 
2-ft. armour, without any reduction. Therefore, I con- 
sider that the highest speeds reached are compatible even 
with the purely circular form of popoffkas, and do not 
lessen their advantages in respect of armour and gun 
ing power, as compared with long ships. 


com: pag Wy herefore, the results are not yet published, 
neit . Barnaby nor Mr. Fronde will hayvean objection to 
my introduction here of only one item chosen out of all 
experiments. Upon this item, ascertained with the test 
ision, namely, the true amount of resistance offered to 
motion of a model of acircular ship, 160 ft. in diameter, 
and 13.7 ft. oy gg speed, I have based the whole 
construction of , being able with the help of 
Mr. Froude’s “‘ scale of comparison” to calculate preci 








the indicated horse power of be ed necessary to drive The above results are due not only to the increase, as the | yw, Famany rea read : édui 
ship at a 12-knot speed, and to ascertain exactl the | ships grow bigger of the ratio which the part of the dis- Me ag te ‘| 3.0 tol 35 tol 

prac emg Nr wine Sn aks wp a Dhar of alee ne ! . 
six . of it which is in shape o' , engines, » ke.» i 

igcresng ts 60-ft. ship, both in diameter and dranght, | but also to the property of the circular ships that their]. Completely Protected Ships. 

1.25, 1.5, 1.75, and 2 times, I have obtained the upper curve | citadels will be buil mainly for the efficient protection of | Prince Consort... ef) 124-401 3.9 to 1 
No. 1, representing the rate of increase of the ment, | the guns, and not to ,create buoyancy, and to insure the Circular Ship. | 
Then, on iaaling 7 ma fecha I have set downwards | transverse stability; which both qualities, so extremely | Novgorod 0.6 to1 28 tol 
from the curve of ment the number of tons to which | important for safety, would not be maintained in ordinary b aig? we | : 
the weight of engines and coal supply will amount for each | ships, had not the citadels been e 80 much as not|, Fast Circular Ships 
ship, and that has fixed the eurve from the top No. 2. | only to protect the battery of guns, but also to protect a *« 280 ft. long”. | 0.5 tol 2.9 tol 
From the base-line I have set upwards at the corresponding | good deal of the long narrow body of the vessel. The| ‘320 ditto” , 0.4:to 1 2.2 tol 


ordinates the number of tons, representing the struc 

weight ; curve No. 4. Further, an approximate number of 
tons for each ship has. been set upwards from the curve 
No. 4, to 2 tye the weight of crew, provisions, water, 
anchors, ca’ les, stores, &c., and thus curve No. 3 has been 


circular ship, in virtue of her form, ly possesses great 
buoyancy, stability, and, therefore, safety, thus allowing 
the vertical armour protection to be limited entirely to the 
defence of the guns. 

As we saw, at 14 knots speed, a large amount of dis- 
placement is taken up by engines and coals. Yet all that 
power may be distributed over a area covered by the 
ship, and not confined to one single engine room, as is 
generally the case with anew ships. Dividing ~ 
power among many independent engines, similarly to the 
course ado by Admiral Popoff in his first ships, the 
vessel would steam still with a good speed when as many 
as three, or even four, of those engines would be disabled 
or iets. Thus, if circular ships must be rx emer 4 


€ the ai rovided with powerful engines for —— high s y 
the assumption that 22 per cent. of the op prey er of each P is, when in action, will prove to be one of their greatest 
circular ship is taken up by thé weight of her hull. This, edvantagm, as the ship will continue to hold her own, either 
at first sight, may seem rather a small percentage to those | in attack or defence, for an incomparably longer time than 
who are accustomed to deal with ships of the present be an ordinary one, which, with a disabled single engine, or 

But the fact is that such a percentage really does | propeller, might very soon become the prey of the enemy. 
t the structural weight of the existing circular iron-| I need not enlarge on the evident economy of propulsion, 
clads. These ships are both afloat, and have shown not | which can be obtained with steaming at reduced s , 
a aightest Cogtee of weakness. Their designer, Admiral | before such ships reach their destination, where battles are 
Popoff, y considers them as heavily built, and is sure | to be fought. 
to reduce the eqpatiings of the iron in his next ships. It} I have used in the calculations referred to only one 
would have, perhaps, been reasonable for me to diminish turrets 


r ; : ish | system of protecting the guns, namely, the revolving , 
wes perouninae for the ‘, vor BO ree piven which | fT have done so because this system has been favourably 
ve been growing larger. But I fea such @ course / looked in England, and is very familiar. I have th 
ight be looked upon as likely to lead to misrepresentation a he —-- 


m been able to easily th fi i h 
might be looked upon likely. lita costing the method | teonete of ‘sedinuey ad civealar’ ahipe ‘of tho sane speed. 
which I have followed, I feel sure that the stractaral weight | Such a system, however, would not likely to be adopted 
would be less than it is shown and not in any case i i 


‘ ter. |in Russia. Breastworks, open at the top, and guns firi 
In speaking of the number of guns which constitute the | enbarbette, worked by hydraulic machinery, have met wi 
armament of ordi ironclads, we have. seen that the 


eh favour in. ¢ » "With such a system, and 
armament % four ebios, drawing shout 27 f., is able to| with the same n CE ee retastinn at atlune 


with the same number of guns, the protection of 14-knot 
float only |two 160-ton guns well protected, whilst the | vessels would be from 2 ft. Sin. in » smaller ship to 4 ft. 6 in. 
on the diagram in t black, between the 


figures of in the bigger one, h the diagram 
lines No. 2 and No. 3, show the number of 80-ton guns, am pate (ne tatimetion. | by 


L . t 3 n figures enclosed in circles for distinction. Whether that, or 
similarly protester which the circular ships, of the diameter | the system, of mounting guns adopted in building up the 
and draught shown beneath the base line, are able to carry ; em 


t Cronstadt or Spithead armoured forts, be ied, in any 
each turret capable of holding two such guns, or one 1 case the number of guns which may be mounted on board 
ton , and the citadels, in which these turrets are en- 


large circular ships cannot be compared with any of the 
os existing, or in course of construction in any country, 

oy. fry nrg with the ordnance mounted in 
the fixed forts, But fixed forts require immense founda- 
tions, which prove to be extremely costly, and, notwith- 
standing their cost, sometimes weak. Besides, some points 





ratio which the cost of hull of these vessels bears to the 
cost of armour and ‘guns carried, is very much less than 
in the case of ordinary ships, and also because the propor- 
tion of the engine power to the cost of and armour 
driven is also less. Therefore the ci form insures 
the true,economy. As another instance, I may mention of 
the new design for a small unarmoured circular yessel able 
to carry two 4l-ton guns, Roving the cost of hull and 
engines in“proportion to each ton of weight of the guns less 
than in the ordinary unarmoured gunboats, carrying one 


gun, less powerful. 

But I should be unfaithful to the cause of “‘ Lay A nom all 
if I conclude this paper without mentioning the following 
most important considerations : 

It has been proved in practice that Mr. Reed’s 300-ft. 
ship can be propelled through water as fast as a less power- 
ful 400-ft.. vessel, and it has also been proved by careful 
experiments that a ship whose length is three times the 
beam can be made to as easy, even with jless expendi- 
ture of power, than the one having the length equal to 
four times the breadth ; therefore we must conclude, that 
extremely short and broad vessels, ay a much more 
closely to the circular form than to the form of the present 
existing long ships—yet not quite circular—will do away 
with that increased part of the resistance which is due to 
the increased eddies, appearing when a body of so me, 
ratively abrupt an entrance and run as that shaped circ 
is driven through water. That has induced Admiral 
Popoff not to restrict his shige 7 the purely circular water 
lines when higher speeds will be contemplated. Such 
moderate elongations of bow and stern, as were described 
by Mr. Reed, reducing the size of engines necessary to drive 
these ships, and consequently reducing their total displace- 
ment, and is ing, —— ° te og other — 
arising, as Mr. and Mr. ve , ou 
of the coincidence of period in ship and wave at igh speeds, 
will promote the most economical propulsion at seaof the 
very heaviest guns, protected by the ey thickest armour. 

Such ships, then—I mean those wit slightly elongated 
bow and stern—could no longer be called ‘ iron- 
clads,” nor would the name of “‘cyclads,” or any other 
such term, be any longer availa but that of ‘‘ popoftkas,’”’ 
which gama was gene genes class of vessels by 
his Majesty the Emperor of Russia. , 


obtained. The remaining part of the displacement of each 
ship, represented by the parts of ordinates enclosed between 
the curves No. 2 and No. 3, is available wholly for armour 
and guns, with their i and shot and shell. 

The trath of Mr. Froude’s “scale of comparison” be- 
tween the resistances and the corresponding speeds of the 
geometrically similar bodies moved through water is so well 
established that I need not refer to the calculations of the 
parts of the ordinates between the lines No. 1 and No 2. 

The curve of structural weights, No. 4, was drawn on 


2 completely pro in all cases by armour, 

1 ft. 9 in. in the smallest ships and 2 ft. in bigger ones, 
read uniformly over the whole extent of the surface of 
the turrets and citadels, or castlds, as. we would call them 
in Russia his, 





it will be seen that when a circular 
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is made of such dimensions as to have the weight of | tance, have been so far of the im-| RoumELian Ratwars.—The Roumelian Railway Con- 
hull about equal to that of an ordinary ironclad, then, with bility or difficulty of building such foundations. struction Company has dismissed the staff of railway 
the speed of knots an hour, and with coals for six days’ Finally, f. are disadvan ,-simply becanse engineers and surveyors which it until Jately main- 
steaming at that speed, her offensive would be| they ‘are fixed. Whilst circular ships may be made not tained at Shumla. The company’s claims for work done 
cna ag | * 2 mane a as the 5 sos ons ons piicient for far less expense, | but —s the badice sommmalated fetiins ceneupmnied tecqueeiions 
supply, & ship . long - eep six | ability of movi en ni » With great for | in part of Roum ‘or several months after 
ter number of gans;-whilst a ship 320ft. long feng diotomman ( above cotisileved: ‘ens Stelta a-shuch ik had ceased, | ‘conti to 


times 
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THE ECONOMIC AND MECHANICAL 
EFFECT OF MACHINES.—No. I.* 
By J. Ricwarps. 

THE mechanical effect produced by machines in 
the sense to be here employed consists in the con- 
version, transmission, and application of power, and 
ig comparable with human or brute effort including 
force and skill. 

The economic effect of machines will be assumed 
to consist in the change they produce in the com- 
mercial value of products, and it is comparable with 
the expense of labour and also with different means 
to accomplish the same end, that is, one machine 
with another. 

The effect produced by machines is commonly 
measured by comparison with htiman-orbrute per- 
formance, both as to mechanical effect and economic 
results. This often leads to confounding the two 
together, and it may be claimed hinders ina consider- 
able degree our ability to judge of the commercial 
value of machine effect. he mechanical per- 
formance of machines when such performance cannot 
be measured dynamically, as in the case of a cotton 
gin for example, seems to be the same thing as the 
economical effect, yet there is a:marked distinction. 
Human or brute performance is the standard of com- 
parison in both cases but under different conditions. 
We can say that the mechanical effect produced by a 
machine equals ten men, or one horse, and if horses 
and men are now or have been recently employed for 
the same work performed by, the machine, such a 
standard is comprehensive and conveys to the mind 
a tolerably true measure of what is effected, but we 
cannot say that the economical effect produced by 
a machine is equal to the performance of ten men 
or one horse, unless the same work is in some case 
performed by human or brute effort, 

The hauling of wagons on a tramway for example 
may be, and is, performed by both horses and steam 
engines, and the same standard, a horse’s power, will 
serve to measure the mechanical and the economic 
effect of a steam engine. On the contrary, we can- 
not employ the same standard to measure both the 
mechanical and economical effect of a marine engine, 
because horses have never been employed for this 
kind of work. 

To use another illustration, the mechanical effect 
of a hoisting machine is measured by comparison 
with human or brute labour; the economic effect, 
which may be very different in degree, admits of the 
same standard for comparison. On the contrary, no 
one at this day would attempt to determine the eco- 
nomic effect of a spinning frame by hand es 
because hand spinning is no longer practised. It 
is a matter of some difficulty to separate these two 
things in the mind, yet by doing so and always 
applying standards separately for mechanical and 
economic performance, the true or commercial value 
of machine effect is reached with more certainty than 
is possible without such division. 

‘The two questions of how and why, applied in a 
general way to machine results, follow very nearly 
on the line of division indicated, although not ex- 
actly. - These queries, whether to distinguish me- 
chanical and economical value, or to separate modes 
from objects, are always important in considering 
or investigating machine action. The difference be- 
tween how and why has been claimed as explain- 
ing the distinction between science and art, but 
whether this is tenable or not the suggestion is often 
of more use to a learner than whole pages of more 
exact definition. This subject has been noticed be- 
fore in a different connexion. Referring again to 
the distinction between mechanical and economic 
effect, it may be noticed that writings or conversa- 
tions relating to machinery are generally devoted to 
one or the other of these two branches. Popular or 
non-scientific inquiry, writings, or conversation are 
usually directed to the economical branch, because 
this branch deals with commercial values and is com- 
prehensive to all, hence we can safely conclude that 
to render technical knowledge popular, as much as 
possible of such knowledge should be presented 
through what may be called economic intense, 

To explain to a merchant that a pound of food 
will generate as much power as ten pounds of 
coal would bea problem in which he would feel no 
interest, so long as it remained an abstract one, but 
when these commodities of food and coal have a 
commercial] value added to them, or even when the 
problem is made one of comparison between what a 


* The present and following articles are intended as an 

dix to those on ‘“‘Shop Manipulation,’’ published in 

8 journal during 1873 and 1874, and like the former 
articles are intended especially for apprentice engineers. 








man can perform and what a steam engine will do, 
it then becomes one of interest, and is.no longer a 
dry technical query having nothing to do with 
practical affairs, , 
Tt may be said that no good will arise from a 
knowledge of machine effect presented in this way, 
and that the interest felt in such matters by noh- 
scientific people is merely curiosity, which is true at 
the beginning, but when ‘the economic effect of a 
machine or a process ‘onée etigages attention and 
assumes either a philosophical or ® commerc 
aspect the chances are that the technical conditions 
rial sal do pra 

e therefore believe that no plan of pc i 
technical studies will ever be so Disciutate as that o 
connecting évery problem with its economic condi- 
tions, and thus presenting them 8o as to be dealt with 
logically in advance of the mote exact knowledge 
required for a scientific understanding. 

‘thé articles which are to follow it is not ex- 
pected that much which is new will’ be treated of ; 
the pu will be to present a few subjects, old 
and well known, but in a way differing from, the 
common one; both premises and conclusions may in 
some cases be wrong, but to hunt for error is some 
times as profitable as to search for truth, both things 
being in essence the same, so that criticism however 
directed may produce good results. 


MANUFACTURING, — 

The business of manufacturing when machines 
are employed can be divided into’ three 
One relating to the value and exchange of material 
and products. A second to labour, its control, direc- 
tion, and relations to capital, with problems of a 
political nature. Thirdly, mechanical processes in 
which the employment of machines may bear various 
relations to handwork. The two first divisions 
named are quite stationary if compared with the 
third, The laws of trade and exchange are not 
only well understood in so far as tracing the con- 
nexion between causes and results, but future changes 
are predicted with great certainty. Labour, especi- 
ally skilled labour, offers problems of a more difficult 
nature, but still such circumstances as have pre- 
cedents are amenable to certain rules and principles, 
so that wages, if not the social problems attend- 
ing on skilled workmanship, generally conform to 
known principles of political economy, and like 
changes in value form a proper subject for study 
so as to foresee future change. 

The next step is a plunge in the dark. No one 
can foresee or even conjecture changes in mechanical 
processes. This third division of manufactures is 
also much more progressive than the other two, 
changes are more frequent, and because not fore- 
seen sometimes produce abrupt and disturbing 
results, changing the price of a manufactured com- 
modity so rapidly, and to such an extent as to pro- 
duce social disturbance and loss of fortune. As an 
example, among recent inventions which may cause 
a considerable change in a common though not. ex- 
tensive art, is the depolishing of glass by means of 
the sand-blast process, which with only a year or 
two of development has reduced the expense of de- 
polishing in some kinds of work as much as two- 
thirds. There are many examples of this kind, 
the results being very constantly as the length of 
time required for developing improvements, People 
are well aware of the disturbing results attend- 
ing on the improvement of machine processes, The 
final result of such improvements and the particular 
way in which they operate is, however, not well 
understood ; indeed, but few subjects of an econo- 
mical nature are less understood in a popular way, 
but there is no mistaking the jealousy with which the 
shortening of mechanical processes, and especiall 
the substitution of such ph es for handwork, is 
regarded by those immediately effected. The first 
sawmill to operate by power, which was erected in 
London, was destroyed by a mob, One of the 
most ingenious and comprehensive inventions in 
wood manufacture which the records of the Patent 
Office show, was that of Slater and Tall, 1554, for 
making hand planes by machinery. This invention, 
we have been informed, was never applied success- 
fally in England because of opposition on the part of 
the workmen. It may be mentioned that a part of 
this same invention has been applied with a pro- 
fitable result in two penitentiaries in America, where 
plane manufacturing is carried on, and where the 
operatives, even if they desired to, have no means of 
resisting innovation. It is useless, however, toexplain 
a matter so well understood as the dread and jea- 
lousy which is felt by workmen in the case of ma- 


. This air of mystery and un inty of results 
forms one of the incentives to shady medhania pro- 


_— satnager the Peeler en to, to show 
i which is with. 
imenbhes er manufactures involving atkiee ane. 
cesses; & mystery consisting, first, in the uncer- 
tainty of change and improvement, and, secondly, 
because the modein which suchimprovements operate 
"ated ie ech pa 
is true we m hear im ents 
such as the common one that ‘‘some new mode of 
utilising heat will be discovered,” “that electricity 
will yet be a common and cheap source for motive 
power,” or ‘that a steamer some time cross 
‘the Atlantic Ocean infour days,” and so on. Such 
opinions or predictions, however, take no hold on 
confidence, and are regarded merely as measuring 
the future by the past in a ease where direct analo, 
is out of the question, because the causes an 
sequences are nob regular. We well know that 
Sonne 80 expressed are simply and only con- 
jecture. 


of ma- 
chines, an incentive generally much stronger than is 
; ined, especially with students and apprentices. 

ascination presented by @ possible hit upon 
some improvement -which will bring wealth is an- 
other strong incentive, but one less general. The 
bare economical conditions which have attended 
on manufacturing processes in the past are a dry 
unpromising study if separated from the element of 
chance, hence, as before stated, the two things 
should be combined, and a machine always be re- 
garded in its double capacity of a mechanical ex- 
pedient and an economical agent. 

The uncertainty of mechanical improvement and 
change does not apply to the economical conditions 
of machine operations. The ultimate result of such 
improvements has, in fact, to be in nearly all 
cases predicted. On the other hand, a mechanical 
improvement is complete.as soon as it is successfully 
in use, and is in a sense capable of being  esti- 
mated or computed by exact rules, but the results 
which follow, such as the effect produced in the 
price of a product, must be a work ofjtime, and to 
predict such results is one of the main points in 
manufacturing. 

Manufactures are mainly founded with reference to 
demand and supply, or else with a view to successful 
competition by means of improved and less expen- 
re yee a aes In the _ case the 

neficial results of man ing indus i 
at.once, is re; , and ere pe fe a 
bance of values. Such manufactures are popular, and 
always looked upon as promoting the general com-' 
mercial welfare of a country. Un the contrary, 
manufactures founded for competing by innovations 
are not popular, and, as before exp are apt 
to meet with factious opposition. 

The difference is, that one kind of manufacture 
produces an immediate good result, which is diffused 
among a large number of people, the other tends to 
a remote result, and benefits but few at the be- 
ginning; yet there is no principle in political 
economy more clear than that the most beneficial 
among manufactures are those wherein the cost of 
production is rapidly lessened, and where com- 
petition was the main object at the commencement, 


cesses and the construction 


BasBaGe’s ‘‘ ECONOMY OF MANUFACTURES,” 

The effects produced by machine processes, and 
the application of motive power, being mainly 
manifested and understood through commercial 
mediums, have been with few exceptions regarded as 
a branch of political or industrial economy. One 
exception, and the most important one, in our 
language at least, is Bab ’s “Economy of 
Manufactures,” published in 1832. In this work 
there was an attempt to generalise some of the me- 
chanical processes, such as existed at the time, and to 
treat them upon mechanical as well as economical 

unds. 

The influence of this book has no doubt been 
much more extended than is supposed, and had 
mechanical appliances and machines afforded the 
same data then as now, there is reason to think 
that Babbage’s work might have had an in- 
fluence to in some respects compared to 
that of the “Wealth of Nations,” by Adam 
Smith. Mr. Babbage, as his work shows, was not 
a practical engineer or mechanic, and laboured under 
great disadvantages in understanding machines and 
processes, The thoughts which the calculating en- 
gine gave rise to, such as the order and regularity of 





sequences attending on machine action, the substitu- 
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tion of mechanism for thought as well as skill, 
naturally turned his mind to a generalisation of 
machine processes. The scheme which presented 
itself to his mind, as foreshadowed in the introduc- 
tion to his book, comprehends nearly all that can at 
this time be conceived of in the generalisation of pro- 
cesses, and had he more counplotely separated such 
processes into their two phases of mechanical and 
economical, many difficulties which he had to contend 
with would have been removed. To treat together 
and as parts of one subject the mechanical 
operations of machine copying, punching, cutting, 
and so on, with the division of labour and problems 
of value, necessarily led to a complication which 
even Mr. Babbage, who was a clear and explicit 
explainer, could not bring into order and within the 
comprehension of practical men. There is, however, 
this difficulty to considered in any attempt to 
separate the mechanical from the economical condi- 
tions of machine processes, that one is continually 
running into the other. However widely separate 
the modes of operating and the results attained, 
both are me measured by what appears to be the 
same standard, as has been before pointed out, and 
there is nothing strange in the fact that both Adam 
Smith and Mr. Babbage confounded the division of 
labour, values, and even social problems, with the 
mechanical effect produced by machines. At the time 
when the “ Economy of Manufactures” was written 
there were not, as now, hundreds of books and scores 
of scientific journals devoted almost exclusively to the 
scientific and mechanical branches of industry. 
When the ‘‘ Wealth of Nations” was prepared there 
were none, at least no writings corresponding to 
those which now exist. Every problem in me- 
chanics was resolved into an economical form, and 
results measured only by the effect produced on 
values, or on the social condition of workmen. A 
ton of coals had a commercial value, definitely fixed, 
and well understood, but ita mechanical value as a 
source of power was not thought of. Science had 
not yet furnished means of measuring and defining 
such a value, 

The same remark applies to the operation of ma- 
chines even at so late a iod as ]832, so that it is 
only fair to Mr. Babliage to say that his work gives 
us one of the earliest conceptionr of an independent 
generalisation of machine processes independent of 
economic effect. 

In his “ introduction” he says, ‘‘ Having been in- 
duced during the last ten years to visit a consider- 
able number of workshops and factories, both in 
England and on the Continent, for the purpose of 

ing myself acquainted with the various resources 
of mechanical art, I was insensibly led to epply 
to them those principles of generalisation to w 
my other pursuits naturally gave rise.” 

In another in the same “ introduction” he 
says, ‘* The di ty of understanding the processes 
of manufacture has unfortunately been greatly over- 
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rated. To examine them with the eye of a manu- 
facturer so as to be able to direct others to repeat 
them, does undoubtedly require much skill and pre- 
vious acquaintance with the subject, but merely to 
apprehend the general principles and mutual rela- 
tions, is within the power of almost every person 
possessing a tolerable education.” 

Applied to manufacturing and machine processes 
of the present time, there are few who will not differ 
from the proposition in the last quotation. The 
principles involved in processes are it is true capable 
of being apprehended to a certain extent by the un- 
skilled, but as it happens those conditions and 
subtleties which lie beyond this extent, are such as 
have most concern at this time. An engineer re- 
cently remarked to the writer that in rolling steel 
rails the difference of one handling was enough to 
define a line between profitable and unprofitable 
manufacture. The statement was made to illus- 
trate the closeness of competition rather than to ex- 
plain a fact, but nevertheless it is well known that 
when manufactures, as at the present time, are carried 
on upon so vast a scale, and when competition is so 
strong, the difference between success and failure 
often depends upon minor points of manipulation, 
which can scarcely be included among the general 
principles of mechanical processes. 

Mr, Babbage’s proposition was, however, true for 
his time and to the extent in which he intended it 
to apply. His work has never received one-half the 
attention which its claims demand, even if we except 
its application to specific industries or to special 
subjects, It contains a general plan of investigation, 
and is a suggestion of what the proper mode of 
analysing machine action should be. 


STANDARDS FOR DETERMINING MACHINE EFFECT. 

One reason, perhaps the principal one, for com- 
monly considering the mechanical and the economic 
effect produced by machines wry is, that a 
common standard has been applied to both. The 
measure of economic effect is expressed in general 
terms as “‘ the saving of labour,” and as labour is the 
standard by which values are measured, so a saving 
of labour becomes a saving of value or a diminishing 
of expense. The ~ does not in this form, 
however, comprehend a complete statement of how 
the economic effect of machine processes is measured 
by labour or value, and the subject will be again 
noticed, 

The mechanical effect of machines has been, or 
we may even say now is, measured by labour. The 
work of a horse is the unit for measuring the power 
of steam engines, although the foot-pound is now 
generally employed to describe and measure dynamic 
force. Our conceptions of force are, however, based 
for the most part upon comparisons with human or 
brute effort. The mechanical equivalent of a ton of 
coals, or a definite quantity of some other heat-pro- 
ducing substance, will no doubt at some time not 
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distant take the place of our present mental standard, 
yet at this time there are few if any even among the 
skilled and scientific who do not think and conceive 
of power or work through a comparison with the 
physical effort of horses or men, so that, as before 
stated, there has been a very constant incentive for 
confounding the mechanical and economical per- 
formance of machines together. 

To prove that what may be called our conceptive 
measure of power is based on a comparison with 
brute effort, it is well known that an ability to com- 

rehend work becomes less as the quantity increases 
yond what a horse ora man can perform. The 
power of conception becomes rapidly diminished as 
soon as we go beyond such an amount of work as we 
are accustomed to see applied in practice and is soon 
lost, so far as being an element of comparison even. 
We say, for instance, a steam launch is fitted with 
an engine of six horse power ; the statement at once 
presents to the mind a conception, not definite, yet 
tolerably so, of the boiler, engine, shaft, and other 
details ; their size comes within certain limits, and 
we comprehend what a six horse power engine is; 
but if we say a ship has 600 horse power, the con- 
ception which follows is extremely vague, except 
with those who are accustomed to the application of 
so great a power, and can by comparison compre- 
hend what 600 horse power means. To speak of an 
engine of 6000 horse power is to remove the matter 
beyond ordinary conception. The difference between 
6000 horse power and 60,000 horse power is scarcely 
appreciated ; the matter lies too far beyond the unit 
oF measure, and can only be dealt with by symbols 
and comparison with figures. : 

We are well aware how very ms | this mode of 
estimating or conceiving of power is likely to pass 
away, as heat comes to be understood or rather 
conceived of as that element to which the standards 
of measure must be applied. The mode of concep- 
tion as it is now or has been in the past is reve 
to as accounting for the fact that economical and 
mechanical effect are generally mixed up t er 
to the confusion of learners, who have difficulty 
enough in understanding one thing at a time. : 

The economic effect of machines, it was stated, is 
meagured by labour. Labour is a comprehensive 
term, and in order to understand how it can be 
measure of economic effect we must first examine 
what labour comprehends, not what the msening of 
the term is, but what that meaning includes when 
employed in the manner above. 

Ta the abstract, labour is human exertion, whether 
of the mind or body, and the proportion of mental 
and physical effort put forth varies so much that 
the two extremes may be said to be purely mental 
or purely physical ; and again, that even when purely 
one or the other there is a great distinction to be 
made in the quality of labour. 


For example, an accountant and & —— - 
form duties which may be called mental. dest, 
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however, records only what he perceives, while the | acquainted with Messrs. Clark and Standfield’s gridiron | are exactly the same distance apart from centre to centre 
~ : de docks, and at once ved their merits, | as the spaces between the pontoons are, so that if the width 
second determines w has not yet transpired and sf sce adaptability to the wants of the Russian Govern- | of the pontoons is 10ft., the clear space between is ales 


what he conceives of. 

In physical exertion, in the same manner, the 
work of a file cutter in time becomes as we may say 
only an application of dynamic force, independent 
of mental care or thought, but such work is ve 
different from turning a crank or ing a | 
One includes what may be called automatic skill, an 
element of value because it cost time to acquire it, 
the other is the mere exercise of brute force applied 
to work, which may be and is performed by animals 
devoid of reasoning ers. 

Lying along at = nt points between the two ex- 
tremes pointed out are the avocations of life, and in 
any particular case it isonly by great difficulty that 
labour can be ted into its component elements, 
and even then the money value of these elements is 
ot varied by circumstances, such as supply and 


In applying a labour standard to determine the 
economic effect produced by machines, the —_ 
is not, however, as in measuring mechanical effect, 
to arrive at exact conclusions, but only to serve the 
ends of commercial expediency, and to determine 
when and to what extent attempts should be made 
to supplant manual or mental effort by machines ; 
hence, while it is well enough to understand the 
intricacy and uncertainty of a labour standard, such 
uncertainty should not destroy confidence in reach- 
ing what is for practical purposes a sufficiently true 
measure of economic effect. 





ATOCK’S COMBINED BORING, TURNING, 
AND GROOVING MACHINE. 

Wz illustrate on page 310 a combined duplex boring, turn- 
ing, and key-bed grooving machine, which has been designed 
and patented by Mr. Martin Atock, the locomotive super- 
intendent of the Midland Great Western Railway of 
Ireland. The machine is especially intended for railway 
carriage and wagon-wheel and axle work, and it is par- 
ticularly adapted for small shops where there is not 
sufficient work to be done to continuow ly employ a series 
of machines for carrying out the operations which this 
combined machine can perform. 

As will be seen from our engraving, the machine re- 
sembles in general design a couple of yap-lathes—right and 
left-handed—placed end to end, the central headstock 
serving for both lathes. This central headstock has a 
hollow spindle, through which an axle can be passed, this 
spindle carrying a couple of face-plates of a size sufficient 
to carry railway carriage or wagon tyres for boring, &c. 
Two tyres, or two wheels, chucked on these face-plates can 
be operated upon simultaneously. An axle mounted on the 
machine can also have both ends operated upon at once, as 
in an ordinary double-axle lathe. 

For cutting keyways, each slide rest is provided with a 
slot-drilling head as shown, the drill spindles being driven 
by separate belis from an overhead strap. The traverse of 
the slide rests gives the necessary traverse to the drill- 
spindles (this traverse being of course self-acting), and 
thus the tool forms an efficient double-axle grooving 
machine. 

Altogether the machine is one which will be useful in 
mapy situations, and its details are well worked out. Our 
engraving has been prepared from a photograph of one of 
these machines constructed by Messrs. Shaw, Hossack, and 
Co., of Openshaw, Manchester, who are the sole makers. 





ON THE NICOLAIEFF FLOATING 
DEPOSITING DOCK.* 
By Mr. Larrer Cuarx, C.E. 

Tux floa' dock now constructed for the Russian 
Government at Millwall bydMessrs. Clark, Standfield, and 
ba ts such novelties in design that it has been 
thought that a description of it, and of their system of de- 

iting vessels on fixed s would prove of interest 
So ee of pred Ray oy we This } tock is 
‘or the purpose of raising the large circ iron- 

wal circles, and alse for dosking the ordisary tronclads of 
na . or e ° 
Russian Government. 
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at present in existence do not 
., and it is believed that no entrance so wide as 
hitherto proposed. It is evident that the 

’ entrances to a width snfficien 
receive circular vessels of the size above mentioned would 
woo See Sa paioee Rreractions> wae i the 
want therefore of some of docking such was 
- serious difficulties to be overcome in con- 
nexion with the introduction of ci war vessels. 
been long studying this im tt 
in of his visits to this country he 





* Paper read before the Institution of Naval Architects. 





circular | should occasion demand, be en 


ment. Plans were accordingly prepared under the super- 
vision of Admiral Popoff who made numerous moliintions 
to meet the special requirements of his Government, and 
the dock was commenced in maw y hes year. 
Before describing the Nicolaieff it be well to 
= s general idea of the leading features of this kind of 
k 


The depositing dock is quite unlike any othér dock that 
has been proposed, inasmuch as it not only raises the vessels 
out of the water, but when required deposits them high and 
dry on fixed stages of open pile work, where they can be 
cleaned or i at leisure. It can also readily be 
altered in its form so as to receive vessels of the ordinary 
‘ype, or to dock circular ironclads of whatever size. 

he depositing dock in its general form is composed of a 

ber of pont , either of square or ci section, 
which lie parallel to each other at fixed distances apart, and 
which range transversely to the length of the dock ; each of 
these pontoons is Lae ow op | connected at one end toa 
ogee structure which forms the main side of the 
dock; the pontoons project outwards from the side of 
the dock in the same way as the fingers of the hand, so that 
the whole structure in plan resembles a comb. The pontoons, 
when the dock is lowered to receive a vessel, are su onan, 
but the side of the dock to which the pontoons are attached 
is never totally submerged, but is of sufficient depth to allow 
a freeboard of 6 ft. or 7 ft. when the pontoons are sunk 
beneath the bottom of the vessel. When the dock is raised, 
the tops of the pontoons are well above water, and the 
side of the dock stands up some feet higher than the deck 
of the vessel which it supports. 

Fig. 1 (see page 311) shows the plan of the dock, A, A, A, 

the side of the dock, B, B, B, the pontoons ; 
and Fig. 2 shows an end elevation of the same, floating 
upon the water with a vessel upon it. 

Fig. 3, page 311, shows an elevation of the dock sub- 
merged, ready to raise a vessel with the outrigger attached. 
It will be seen that these elevations resemble the letter L. 
It is obvious that such a form as this, viz., a dock with on! 
one side to it, would be perfectly unstable when pat meta 
but the necessary stability is imparted to it by means of the 
outrigger i i 
outrigger consists of a broad flat pontoon divided into 
numerous com ents, and loaded with concrete ballast 
until it is submerged. Its form gives it immense 
stability ; it carries along its middle line a row of rigid 
upright columns, which project through the pontoon some 
distance above and below, and are stiffened by struts. To 
the top and bottom of each column is hinged a pair of 
parallel bars or booms C, C, C, Figs. 2 and 3, which are 
also hinged at their opposite ends to the sides of the dock, 
as shown in the diagrams, so that the outrigger remains 
stationary while the dock is free to be raised and lowered 
vertically, being always retained in a horizontal position by 
the action of the lel bars or booms ; the movement is 
in fact exactly that of a parallel ruler. Each of the pon- 
toons is us divided into about six te com 
ments by means of five transverse vertical bulkheads. The 
side of the dock to which the pont are attached is 
tically a long box girder, divided by numerous > 








heads into large water-tight chambers. Its height may | angl 


wo} = to wp hw meen, —_ on 0 ft. to 
15 ft., and its length as about to that o! e longest 
vessel intended to be docked ™ 


The pontoons are about twice the length of the beam of | 277 


the vessel to be raised, so as to be available for paddle 
steamers ; their height may be from 10 ft. to 20ft. according 
to the weight of the vessel, and their width from 7 ft. to 


15 ft. 

In the Nicolaieff Dock, now in course of construction, the 
side is 280ft. long, 44ft. 6in. high, and 12ft. broad; the 
pontoons are 72 ft. long, 18 ft. deep, and 15 ft. broad, and 
the clear space between them is 5 ft. 

The machinery for working the dock is carried in the 
chambers of the side ; it consists of a number of powerful 


pumps worked by steam engines in the usual manner. 
im . en it is nece: to submerge the dock the necessary 
ves are 


opened, the water admitted om 5 pipes to 
the compartments of the pontoons; the is thus 
gradually lowered, its horizontal position being at all times 
maintained by its connexion with the outrigger ; the vessel 
is then floated over the pontoons, water is pumped out until 
the keel takes its bearing on the blocks, the bilge blocks 
are hauled into place by chains in the usual manner, 
and the vessel me ly blocked and shored, the 
= ing is continued until the vessel is raised to its full 
eight as shown in Fig. 2; the valves are then closed. 

In this position it will seen that the dock with the 
ship on it has very great stability quite inde 
that afforded by the outrigger, the outrigger having in fact 
performed its functions, viz., that of controlli dock 
when submerged, is no longer of any service ; it might, 

\ i removed, as shown in 
Fig. 4, page 311. Itmay be remarked that the dock in this 
condition is much narrower than any other form of dock, 
and it ht with t facility be taken throngh any 
narrow en’ or ¢ 1 ; there is however no necessity 
to remove i 
docked the vessel can be examined, painted, and repaired 
asin any ordinary dock, or can be removed from place to 


place. 

The great feature of this is that this vessel can 
now be readily lowered on to a fixing staging along the shore, 
and there deposited high and dry as shown in Fig. 10, 
leaving the dock free to raise or lower another vessel, or 

number of other vessels. 
his staging consists of a series of piles driven into the 
ground in rows each i 


to other, these rows s 
at right to the shore, as 





[ shown in Figs Land 10 
The rows of piles are capped by horizontal timbers which 





arrangement shown in Figs. 2 and 3. ‘This | all 


of | vantage in some cases. These 





is 12ft., leaving 2ft. for clearance. The height of the 
vessel above the water is greater than the height of the 
stag i  Seattde thew the bo marth | vessel I is 

ug! i e staging pontoons can enter freel: 
between the rows of piles, and the vessel is ied directly 


over the without touching it ; dock is now 
slightly lowered by admitting water into the pontoons until 
the vessel rests upon the keel blocks on the fixed i 


bilge blocks are now placed under the bilges, and the Tol 
being securely shaped, the dock is lowered just clear of the 
vessel and drawn out from the staging, and is then of course 
ready to receive other vessels. e lifting the vessel off the 
me and lowering it into the water is simply the reverse 


process. 
In considering the question of the stability of this dock 
ing the process of submersion and raising, it is of vital 
impo: to regard the dock as consisting of two very 
distinct portions, viz., the side and the pontoons. It must 
be tome ppaey how Sie ae se in all others, the side 
or sides take no wi er in raising or supportin 
of the vessel; on the contrary, their office is simply oan 
urely to give stability during submersion. Instead of 
being’ of any assistance in raising the vessel, their own 
pe Dh eal At ally Se ye by the pontoons or 
dock bottom, in addition to that of the vessel itself. 

It — appear, at first glance, that in this dock the 
great of the single side would have a tendency, when 
submerged, to rise, and cause the dock to list on one side— 
and this would really be the case if the water were to be 

out of the side, and not out of the pontoons ; but 

it must be | understood that the lifting power is 
applied solely wholly in the pontoons, and directly 
beneath the vessel ; the pontoons are provided with a cer- 
tain number of hermetically-sealed chambers, into which 
— cannot enter, and aan, are sufficient at all times 
give the pontoons a surplus of buoyancy, so that they 
can only be submerged by being forced down by the weight 
of the side, and when the dock has to be submerged, water 
has to be pumped into the side to give sufficient weight to 
carry down the pontoons — si ly in raising the 
dock, the water is pumped only out of the pontoons — 
lowing that in the side to flow out by gravity. The 
wy pe is thus — by the pontoons alone, 
and t directly under the vena, and the dock has no 
tendency to turn either one way or the other. It is, how- 
ever, to apply some power to keep the ri- 
zontal in all states of submersion, and this is provided for 
the outrigger and parallel booms before alluded to. 

is outrigger consists, as before stated, of a largo flat 
rectangular pontoon, entirely decked, and of the same 
length as the dock itself, and of about two-thirds its width. 
It is connected with the dock by booms in the manner 
before described, acting like a parallel ruler, so that its 
movement is — the same as that of the dock, and any 
tendency of the dock to list to one side or the other, must 


be accompanied by a s movement of the outrigge to 


part- | the same extent, necessitating the raising out of the water 


of one side of the outrigger, and the submersion of the 
other. A very simple calculation shows the force requisite 
to thus move the outrigger pontoon, yo even.a small 

e is enormous, amounting to several hundred tons ; 
taking the Nicolaieff Dock in its worst position as regards 
stabihty, the force to make a dock and vessel list 
through an angle of 3 deg., is equal to 2776 foot tons, or to 
6 tons acting on the vessel with a leverage of 1ft. This 
is shown in Fig 5, (see page 311) with an angle of 10 deg. 
this righting power w: increase to 16,080 tons. 

Although we have pointed ont the great righting power 
which the dock with its outrigger possesses, if is necessary 
to remark that with ordi management not more than a 
ton or two of this power ought ever to be brought into action. 

The valve engi is provided with a spirit level, and as 
soon as the dock shows any to list to one side or 
the other, or to rise at one end more than the other, he 
adjusts his valves or shuts off his pumps so as to bring the 
vessel immediately horizontal. 

The water compartments of the dock are more than a 
hundred in number, and are connected with the pumps by 
means of separate pipes, which are all brought to the valve- 
house, and are then divided into four groups, corresponding 
with the four quarters of the dock, every pipe has also its 
own valve. Each of these four groups is governed by 
principal valve, and a glance at the spirit level at once 
enables the valve engineer to ascertain and to control the 
action of each group. 

Although in docking ordinary 
on the it is by no means 
cradles, it is Obvious that they 


vessels and yey a 

necessary e use 0 

be employed with ad- 

les may ei 

vided with side shoring frames, as in Fig. 4, 

consist only of a platform of iron 

stiffened transversely, and provided with the usual keel and 

bilge blocks. In either case the cradle with the vessel upon 

itis lifted bodily and deposited on the staging, again 
removed with it when the vessel is lowered into the water. 

At the particular spot where the vessel is raised, there 

sufficient depth of water to allow the 

to receive the vessel over the 

is docked it requires only a 


| 


Hees of accommodate three 
ven 
short Feel or to long ones t loss of space 
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tion on the Thames, at the works of Messrs. Clark, Stand- 
illwall, is in all respects in accordance with 
Tt, has, however, some pecu- 
ich were necessary & adeat it to the docking of 


rdinary 
length of the dock is 280 ft., and is for special 
made capable of being divided into three lengths 
each, provided with its outrigger and complete in itself. 
Two of these lengths are 100 ft. each, and the centre one 


- a !great advantage over all other descriptions of 


ving docks. 
. A vessel can be placed 
and readily lengthened 


field, and Co., Millw; f 
further along the 


is can be conveniently built on these stages on an 
even keel and launched without the slightest strain, 
without the risk and cost of launching 
occupying the space required for the formation of ordinary 


ship ways. 

é Vessels, when on the dock or stages, are 
exposed to the action of sun and wind, allowing pai 
dry and harden rapidly, and affording great 
examination and repairs. 

7. The dock, with or without a vessel, may be readily 
, for the purpose of raising 


80 ft. 

Any one of these parts can readily dock the other for pur- 
poses of cleaning and painting. The centre length is fur- 
nished with four pontoons, and the two outer lengths each 
; rtion is provided with se 
engine rooms, engines and pumps, and valves. Their 
is 44 ft. 6in,, and their width 12 ft. 
72 ft. in length ; they are all alike, but instead of being per- 
manently fixed to the side of the dock they are made easily 
removable, and are mutually unchangable ; they can also be 
readily connected end to end, so as to increase 
the dock to any extent. 

The arrangements are such that these connexions can. be 
made without the assistance of divers. Their width 
, and their height 18 ft., so as to give them sufficient 
floating power to dock the heavies 
each divided into six compartments, 
but the four central compartments are again divided 
horizontal bulkheads into upper and lower chambers; the 
four upper chambers thus formed are hermetically closed, 
so that when all the other compartments are 
water, the pontoon alone will float perfectly level with its 
deck a little above water. 


accommodate five ; each 
The pontoons are | transported from place 
ting vessels at different points. 

dock will not, under any circumstances, sink, 
even if all its valves be intentionally left open. 

an a = # = dock my J ee raised level upon 

e other ‘or the purpose eaning or repairs. 

10. By the use of air, which may be stored in some of the 
cylinders under compression, a vessel may be raised, 
sighted, and lowered again in less than an hour. 

11. These docks, if constructed in the first instance too 
small for the requirements of trade, can be at any time 
enlarged to any extent at the same rate per ton as the 


iginal cost. 

12. The docks are capable of receiving vessels of 

size or length, or of a width too great to pass 
i tes; such, for exam 

or 150 ft. in diameter. 


t ironclads. They are 
by upright bulkheads. 





ple, as circular iron- 
































13, Lastly, in point of price, this dock is without any 


r cannot be well concluded without drawing 
the unique advantages which this dock alone 
rds, viz., that of allowing ironclads, torped 

form, to be laid up in ordinary on fixed 
stages instead of afloat; the economy of this proceeding, and 
the extension of life which would be thereby given to our 
will be obvious to all. The durability of vessels laid 
es would be enormous, and 


The outrigger is also divisible into'three portions as before 
stated ; the outrigger is in this case composed 
toons firmly braced together by lattice work ; each 
is 15 ft. wide and 6 ft. deep, separated 
the whole forming a structure 45 ft. wi 
43 ft. in length, and are seventeen in number, viz., five to 
the centre and six to each of the end lengths. 
is weighted with concrete ballast. 

When the three portions of the dock are joined end to 
end, the dock is adapted for raising and depositing ironclads 
of the ordinary form, but when the dock is 
to form a dock with two sides, itis suited for receiving 
circular ironclads up to 140 ft. 
modification is due to the inventive genius of the experienced 
Russial naval engineer, Admi ff. 
rting now to the general form of dock it may be well 
ed in two halves, each of which 
is capable of readily docking the other for purposes of clean- 
ing, painting, &c., or of being used as a smaller but com- 
plete dock. Fig. 6, page 311, shows these two halves con- 
nected ready to receive a vessel of ordinary form. Figs. 7 
and 8 represent them connected for docking a circular iron- 
ig. 9, annexed, shows the dock with one side and its 
outrigger removed, preparatory to depositing the circular 
vessel on the staging. 

One of the more important advantages is the great 
facility with which the power of the dock may be increased 
growing trade of the port may render 
necessary. This is accomplished by simply adding a third 
section in the centre of the dock, which may be done without 
necessitating the alteration of the existing 

nse not exceeding that which would have been in- 
in the first instance. 

In common jwith other floating docks this form has the 
advantage of requiring no fixed foundations, of being easily 
removed from place to place, of being capable of transport- 
ing vessels over shallows, and of possessing great economy 
It is of course vastly quicker in 
graving dock, inasmuch as in 
latter case the whole space of the dock has to be 
pumped dry, which in the depositing dock o 
water equal to that of the vessel has 
h a smaller height. 


and vessels of eve 


up high and dry on the s' 
at a few hours’ notice a whole fleet might be lowered into 





RAILWAY ACCIDENTS. 

Tue following is the official summary of accidents re- 
ported to the Board of Trade during the year 1875, showing 
the numbers of persons killed and injured on railways. In the 
course of the year 1875 there were reported 55 collisions be- 
tween passenger trains or parts of passenger trains, by 
which ten passengers were killed and 221 passengers and 12 
servants of the company were injured ; 179 collisions between 
passenger trains and goods, or mineral trains, engines, &c. 
causing the death of two passengers and one servant, and 
injury to 678 passengers and 63 servants ; 77 collisions be- 
trains, &c., nue the death of five servants 
and injury to 11 passengers (persons jtravelling in c 
cattle, &<,), and > servants ; — collisions between light 
engines, injuring five servants ; 87 passeng 
yor ‘allen, leaving the rails, causing the death of two 
passengers and two servants, and 
and 12 servants ; 60 


to observe that it is desi 


trains, or parts of such trains 
leaving the rails, causing the death of four servants an 

injury to one passenger and five servants; 75 instances of 
ines being wrongly turned into sidings or other- 
facing-points, causing the death of one pas- 
senger and two servants, and injury to 51 passe 

25 servants ; 29 instances of trains running into stations at 
» causing injury to 54 passengers and four 
reported 283 cases of trains 
running over cattle which had strayed: on to the railways, 
and other obstructions, b killed 
and eight passengers 


of working and first cost. 
tion than an ordinary here have also been 
which one servant was 
two servants were injured ; 79 
ugh gates at level crossi 
ed, and four were injured ; 
of the bursting of boilers, tubes, or gauge-glasses of 
whereby 23 servants were injured. Six hundred and 
failures of tyres have been 
of one servant and injury to 16 passengers 
while 29 failures of couplings 
and one servant, and injury to 40 
Selec of lem motecata on to th 
the dea‘ Oo servan injury ree passengers 
and three servants ; and fires in trains of which there were 
21 cases, resulted in the death of one servant. 
also been reported 14 failures of machinery of engines, 
causing injury to two servants; 478 failures of axles, in- 
juring five servants ; six failures of brake apparatus, causing 
injury to eight passengers ; seven failures of ropes used in 
injuring two servants ; five failures of 
one servant; 476 age 


to be raised, and that 
In fact the Nicolaieff Dock is 
le of raising a vessel of 4000 tons in little more than 
anhour. One advantage this form of dock 
greater extent than any other, is the thorough exposure of 
the vessel to sun and wind, which is of considerable im- 
portance both in painting and repairs 
One obvious use of this form of d 
y trainsacross ferries from one side !of a river or lake to 
the other. The complete railway train is run on to a cradle 
resting on the piles, and ;being 
away by a dock of this form provii 
and fitted with propellers, and is then d 
he opposite shore. The ad 
ik have been thus summed up : 
1. With one dock any number of vessels can be docked 


which one servant was 





ock is to transport rail- caused the death of three 


perfectly secured therein is 
posited on similar 
vantages claimed by 


orms, in a convenient position for cl 
along the waste sloping shores of a river or dock. 

2. The provision of an additional length of 
comparatively nominal cost, is equivalent to the 


king 
tunnels, bridges, &c., injuring 
injury to one my iyo eight Lopes p. 
in injury to gne passenger ; lures 
a oo instenoes of the flooding of railways, not 
lying personal ,injury ; Ea nday other 


and 544 were wagon tyres; of the 166 belo to 
owners other than the railway pre Bs 123 of enters 
were made of steel, 472 of iron, and of the remainder the 
material was not stated; 73 tyres were fastened on to 
their wheels by Gibson’s patent method, 55 by Beattie’s 

tent, four by Mansell’s patent, and three by Brother- 
ood’s patent—in four of these instances (all Beattie’s 
fastening) the tyres left their wheels when they failed. 
Four hundred and seventy-seven tyres were secured to the 


when broke. In 359 cases the it longitudi- 
out, and in 29 the fractures treareelias the 


carriage 
ms 66 belo: to owners other 
mpanies. Of the 476 rails which broke, 
eaded, and of these 175 had previ 
Owing to the heavy rains the 
Gems So manny <2 She atins . OY 
e year passengers were an in- 
heir own want of caution or misconduct. Of 
: . ety 
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alighting from trains ; 34 were killed and 35 injured when 
passing over the line at stations; 7 were killed and 35 in- 
ured by falling out of i during the travelling of 
at patos niet by the closing of carriage-doors ; and 
59 injured through other causes. Of 

re persons | cement in this — “ wae killed and 
injured w over railways a crossings— 
viz., 88 killed and 28 injared at public level ings, 10 
killed and 4 injured at foot ings, and 18 ki and 
inj at occupation crossings ; were killed and 185 
injured when trespassing on the railways ; 25 ns com. 
mitted suicide by hrowing themselves on the lines in front 
of app i ins; while of other not specifi- 
cally classed, but mostly private Lay om | business on 
the companies’ premises, 52 were ki and 105 were in- 


jured, 
ing the year 744 servants of companies or contractors 
wore bila. and 3377 injured. Of these, 104 were killed 


oc 


and 469 inj during shunting operations ; 61 were killed 
and 185 injured by falling off engines, vans, wagons, &c. ; 
12 were and 25 injured by coming in contact with. 


—e &c., during the travelling of trains ; 9 were 
killed and 58 injured by coming in contact while shunting, 
&c., with vehicles standing on adjoining lines; 61 were 
killed and 276 injured when getting on or off trains, en- 
gines, &c.; 19 were killed and 541 injured while loading or 
100 i ; hile bros seem Bee ny Schade 
injured while breaking, spragging, or chocking wheels ; 
7 were killed and 1182 injured while suis cranes or 
capstans ; 85 were killed and 186 injured while working on 
the permanent way; 11 were ki and 13 injured while 
walking along the railways on the way to their homes or 
work ; 214 were killed and 228 injured while walking, cross- 
ing, or standing on the line ; 24 were killed and 78 injured 
while passing between vehicles; 12 were killed and 122 in- 
jured while attending to the machinery of ines, clean- 
ing them, &c.; 5 were killed and 2 injured while attending,. 
to gates at level crossings ; 22 were killed and 54 inj 
by falling or being caught between vehicles and platforms ; 
16 were killed and 121 injured b vey ladders, 
, | scaffolds, or platforms; 5 were killed and 197 injured by 
the falling of wagon doors, timber, weights, &c.; 51 were 
killed and 347 injured while coupling or uncoupling vehicles ; 
and 12 were killed and 193 injured from various other 
causes. 

Altogether, the numbers of persons killed and injured 
on the railways open for public traffic, during ton ceen 
ending the 31st of mber, 1875, as reported to the Board 
of Trade, were as follows: land and Wales—killed, 
1061; injured, 5262. Scotland—killed, 188; injured, 487 ; 
Ireland—killed, 41 ; injured 56. United Kingdom—killed, 
1290 ; injured, 5755. 





Sours AusTRaLia.—This colony, as origi formed, 
contained an area of 300,000 square miles, or 192,000,000 
acres, es Ae eg hh pnden yl as Great Britain and 
Treland. 1861 a broad expanse of country known as 
**No Man’s Land,”’ lying between the boundaries of South 
and Western Australia, was added to South Australia, and 
this addition was followed in 1863 by that of the Northern 
Territory. South Australia thus became the largest of rot 
of the Australian colonies, its present area 750, 
square miles, In the Northern Territory some grassed 
country has — fairly hee ty" and ada) , ae 
pastoral purposes or tillage. important fu 
seems in store for South Australia, 


SrrexL RaILs ON THE PENNSYLVANIA.—In the course of 
last 6895 tons of steel rails were placed on the main line 





will be laid with steel rails, a simi 
+ | be effected on the Amboy and Belvidere Delaware divisions 
as 


renewals ‘are required. In the course of last i 
4173 tons of steel rails were laid down upon the Philadelphia 


hich | and Erie Railroad, which is worked by the Pennsylvania 
: details that 


‘stage, it can -be kept at all times ready 
or other vessels, which can be at once 


deposited tyres which failed, 34 were engine tyres, 17 
the dock left free for further use, and 1 in 


tender tyres, 31 were carriage tyres, 34 were van tyres, 








Railroad Company. It will be seen from these 
pe lala Company is going in rather heavily for 
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DETAILS OF COMPOUND ENGINE WITH ASHWORTH’S VARIABLE EXPANSION GEAR. 
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Fig. 5. 
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WE give on the present and opposite pages engravings of 
a pair of compound engines which drive the mill of Mr. 
John Ashworth, of Astley Bridge, Bolton. The engines, 
which are showni n plan and elevation on the opposite page, 
are of the horizontal type, and were recently compounded on 
the tandem principle, the cylinders, which are not steam 
jacketted, being respectively 18 in. and 34 in. in diameter, 
and 6 ft. stroke. The engines make 47 revolutions per minute, 
and the pressure in the boilers is about 73 Ib. per square inch. 

The principal novelty about the engines is the arrange- 
ment of the expansion gear applied to the high-pressure 
cylinders, the governing of the engines taking place through 
this expansion gear, and no throttle valve being used, so 
that very nearly the full boiler pressure is obtained on the 
high-pressure pistons. The arrangement of expansion gear 
is one patented by Mr. John Ashworth, the proprietor of the 
engines, and is a modification of the Meyer gear, the screws 
by which the expansion plates are adjusted being, however, 
outside the valve box, where they can be properly lubricated, 
and where they are removed from the grinding that usually 
takes place in high-pressure steam. 

The details of the arrangement are shown by Figs. 5 and 























6, above, from which it will be seen that each cut-off valve 
d has an independent spindle d%, the spindle of one ex- 
pansion valve being above the centre line of the main valve, 
and the other below. At the crosshead (which is worked 
by an eccentric in the usual way) are two spur wheels 
geared together, as shown by the enlarged views, Figs. 7 
and 8. These wheels act as the nuts to the screwed part of 
the valve spindles d’, the spindles being kept from revolving 
with the nuts by square guides in the crosshead. Into one 
of the spur wheels, just mentioned, a third wheel, g, is geared, 
this wheel being carried along with the crosshead, and 
deriving its revolving motion from a shaft /3, having a 
square formed upon it, and working through the eye of the 
wheel. This shaft is tarned by the aid of gearing and by 
friction bevel wheels trom the governor spindle, the arrange- 
ment Leing shown by Figs. 5 and 6. 

The governor is of the cross-armed description, and runs 
at 150 revolutions per minute, Its mode of operation is as 
follows: So long as the engine is working at its proper speed 
the bevel discs e’, e?,on the governor spindle (see Figs. 5 and 6) 
remain out of contact with the bevel friction pulley /situated 
between them, and consequently the shaft /', *, and pinion g 








O O 


are not turned round, and the expansion valves dd remain 
at the distance apart which is due to the load on the engine. 
On the other hand, when the governor balls expand owing to 
an increased velocity of the engine, the bevel disc e* is raised 
into contact with the friction pulley f, thereby starting the 
shafts 7’, /*, and pinion g which gears intothe lower pinion d°, 
(see Figs. 7 and 8); the pinions d* being thus turned round 
and in opposite tions cause one of the screws d% to be 
screwed into one of the pinions d°, and the other to be un- 
screwed out of the other; the cut-off valves are thus made 
to recede from each other, thereby cutting off the steam 
earlier, and admitting less steam to thecylinder. When the 
engine is running too slow, on the contrary, the bevel disc e! 
comes in contact with the friction pulley fand drives the 
shaft 7", f*, in the contrary direction, thereby moving the 
cut-off valves and in the amount of steam admitted 
to the cylinder. By this means the position off the cut-off 
valves is varied according to the load, and in the case of the 
particular engine we illustrate, the cut-off can be varied from 
0 to 80 per cent. of the stroke. 

The low-pressure cylinders of the engines under notice 
are fitted with slide valves at each end, worked by an 
eceentric and made to cut off at about 4 stroke, the com- 
munication from the high to the low-pressure cylinders 
being as direct as possible. The condenser is placed as close 
as possible to the low-pressure cylinders, the communication 
from the condenser to the air pump being made by 16-in. 
pipes. The air pumps are worked through the drag shafts 
from the crank-pins, and the guiding of the air pump rods 
is effected by parallel motions. 


¢ 
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The fly and spur driving wheel of these engines is of 
somewhat unique design. As shown by the detailed views 
Figs. 3 and 4, the arms and the boss are cast together, but 
in two halves, and are held together by turned and bored 
hoops shrunk on, the boss being turned to receive them. 
The fly rim is also in two halves held together by hoops 
shrunk into recesses cast in the rim. The spur rim, which 
is 15 ft. 1} in. in diameter, 6 in. pitch, and 15 in. wide, is in 
one casting and is turned to fit upon the arms; the whole 
weight of the wheels is about 34 tons. 

The results obtained by these engines are very 
factory. The soeenesiee of coal, as found 
tests made by Mr. R. B. Longridge, is 2. 
shire coal per indicated horse power 
being ordinary Lancashire boilers 
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tubes in each flue, and with a Green’s economiser to heat 


the feed water. The Lancashire boilers are 30 ft. long by | i 


7 ft. in diameter, and have flues 2 ft. 10 in. in diameter, 
with three Galloway tubes in each. The firegrates, when 
the above-mentioned results were obtained, were 6 ft. long, 
giving an area of 34 square feet for each boiler. Two 
boilers were used during the trial, and the coal burnt was 
“ Clifton 4 ft. mine,” free from small. 

The governing of the engines is also found to be very 
satisfactory. At present the engines are indicating about 
520 horse power, but are calculated for driving 650 to 700 
horse power, The set of indicator diagrams in the preceding 
column are reproduced from Mr. Longridge’s report, and 
show how closely the boiler pressure is reached in the 


cylinders. We should state, too, that we have in our | P 


possession other diagrams from these engines, showing a 
difference of only 1} 1bs. between the boiler pressure and 
the initial pressure in the cylinders, the boiler pressure 
having in this case been ascertained by applying the same 
indicator as was used op the cylinders, so as to correct the 
errors which sometimes arise in making such comparisons 
from trusting to the indications of a pressure guage. The 
diagrams also show that the steam has a very free passage 
from the high to the low-pressure cylinders, the loss by 
throttling being very slight. 


DISC ENGINES. 
To tue Eprror or ENGINEERING. 

S1z,—I am I was too busy last week to reply to 
** Examiner’s’’ letter in your paper of April 7th. In 
reference to his “‘ problem,” it is really one which would 
not have puzzled him had he any right whatever 
to his nom de plwme. Referring to the figure given by me 
on page 177 of ENGINEERING, it will be noticed that the 
axes of the cross arms b' b*, &c., are normal to the crank 

in and pass through the point of intersection of the centre 
Fines of the pin and the shaft. Every line thus conditioned 
remains always in one pas the plane passing through it 
and through the axis of the shaft, during its motion. The 
axes of b' and b*, for instance, move in the plane of the 
paper, the axes of the two other arms shown move in a 
ae ight angles to this. If there were any object to 
attained by it the cross piece might have a dozen arms 
all connected with cylinders in the way Ihaveshown. The 
arrangement employed by Mr. West, for instance, is 
equivalent to the use of six such arms. 

The lines joining the centres of the ends of the connect- 
ing rods in Mr. Brown’s engine are in the same position as 
the axes of the cross arms in my figure, and move in pre- 
cisely the same way. 

I cannot s time, nor you space, for the proof that the 
motions of the mechanism are as ve stated. I have 
before referred to a source in which ‘‘ Examiner’ will find 
an abstract treatment of the subject in a form which will 
no doubt make it clear to him, if he really wishes to inves- 


te it. 
bo Yours truly, 
Avex. B. W. Kennepy. 
London, April 17, 1876. 


THE FLOW OF FLUIDS THROUGH 
NOZZLES. 
To Tue Epiror oF ENGINEERING. 

Si1r,—Your issue of the 7th of April contains a paper by 
Robert D. Napier on the above subject. In the commence- 
ment he quotes a remark of Wiesbach’s, to the effect that 
pothene i mf are too much epee. = the | ¢ 
their analytical processes to weigh we e correctness 0: 
the assumptions on which they are based. I cannot com- 
prehend the whole of the paper, but judging by so much of 
the contents as I can master, if there be any error in his 
fundamental assumptions, that error cannot be due to the 
cause assigned by Wies , 
Unfortunately for the results of his investigations, ex- 

riments show that the area of the orifice does not bear to 
That of the contracted vein the ratio of either 2 to 1 or any 
other fixed ratio, but that this ratio varies with the size and 
shape of the orifice, and the height of the surface of the 
water above the orifice. 

The ordinary theoretical formule are based on the as- 
sumption that the water flows in parallel threads towards 
the orifice at right angles to the plane of the area. This is 
an erroneous hypothesis, but the amount of the error can 

i experiment. If the orifice be 
very large and the head very small, the error is inappre- 
iable 


ciable. 
I have never before heard of what Mr. Napier calls the 
accepted proposition, that the theoretical disc ing force 
is equal to the area of the orifice multiplied by twice the 
. There isa theory generally accepted, but one which 
may easily be demonstrated to be wrong, which states that 
the impulsive pressure of the jet agaiust a flat vane is double 
that due to the head of still water over an area equal to that 
on ‘Napicr finishes the first part of his b 
. Na i t) paper by re- 
capitula i ue the steps of his reasoning as follows : 











1. We Ww that the vein contracts for 
some distance outside the orifice, and that therefore the 
same distance. 


for 
“2. “We know that it is a law of nature that nothing but 


pressure on one side of a particle than on the other 
RE aa, 
**3. It follows that there must be internal pressure in 
pf eapponer a vein, which gradually diminishes through- 
ou con f 
“ Having arri at this conclusion, we can reverse the 
ing as follows : 


“1. We are certain that there js in all the contracting 
part of the stream an internal and decreasing pressure from 
the orifice to the vena contracta, 


ENGINEERING. 
**2. We know that the ing pressure must produce 
uce gradual diminution 


increasing velocity, which must 
ahr Ww ae that nothing but decreasing 
“3. We know i i ressure can 
uce the increase in the velocity, which by cnendiad to 
he contraction of the vein. 
**4. It follows that the convergence of the stream lines 
oat > orifice cannot be the cause of the contraction. 

Some fluids press equally in all directions ; it follows that 
at every point of the jet outside the orifice, the pressure 
must be constant and equal to that of the atmosphere. It 
does not follow that the vena of any —_— of the water 
increases because the area of the jet inishes. It does 
follow that the component of the velocity of some of the 
articles parallel to the direction of flow increases, but this 
increase is due toa change of direction of the motion of those 
particles. When the orifice isin the bottom of a vessel, 
there will of course be a slight increase due to the depth of 
the vena contracta below the orifice. 

By the converse therefore of Mr. Napier’s reasoning, it 
follows that the contraction of the fluid vein must be due 
to the converging directions of the threads of water within 
the vessel tonal the orifice. 

Yours respectfully, 
W. Donaupson. 
April 19, 1876. 


BRUCE’S ROLLING BRIDGE, 
To THE Eprror oF ENGINEERING. 

S1z,—The remarks of Mr. E. F. Lucy on my roll bridge 
which appeared in your issue of last week, and the improve- 
ment on its method of propulsion which he s ts, call 
for a few words of explanation from me which, I trust, you 
may find it not inconvenient to insert at some early date in 
ENGINEERING. 

It would undoubtedly be, as Mr. Lucy points out, ‘‘a 
great waste of power and a needless expense”’ to drive the 
roll bridge by means of separate prime movers fixed on the 
several piers. That, however, is not my intention, for after 
considerable thought and calculation on the subject, I have 
come to the conclusion that the following would be the 
simplest and most efficient plan :—I propose to erect on one 
or both shores, as may prove more convenient in any special 
case, a steam engine and hydraulic machincry of the ordi- 
nary type. The piers will only be fitted with the ed 
machinery for giving rotation to the a and the 

i ged some few 


connexion pi be laid in a trench 
feet deep in the bed of the river. 

It will be easy so to arrange an automatic handle on each 
pier, as to cause the travelling platform to itself start each 
consecutive set of driving wheels as it reaches them, and the 
thus, besides obviating all waste of energy, will insure that 
whether the platform bearing on two or three sets of 
wheels, the total engine power affecting it shall remain 
constant. 

soeng to consideration the excessive wear and tear of 
endless chain drivers and their great liability to accident 
and also the considerable increase of unremunerative load 
moved when the engines are fixed on the platform instead 
of on shore, I cannot help thinking that my scheme is much 
more practical than the one Mr. Lucy suggests. 

Yours obediently, 
G. Barcuay Brucez, Jun. 

2, Westminster Chambers, Victoria-street, 

April 18, 1876. 


DOUBLE-SCREW TUG-BOATS. 
To THE EpITor OF ENGINEERING. 

S1r,—Your last contains a letter from Mr. James 
Howden claiming as his invention the placing of a pro- 

lier at each end of a vessel on a continuous shaft, the 

t instance of the gmp of this invention being in a 
small ferry-boat built by him and now plying in the harbour 
of Glasgow. 

As to the value of the invention I do not propose to offer 
an opinion, but I must say that it was generally understood 
that the said ferry-boat was built from the designs of the 
late Mr. Andrew Duncan, who was then engineer to the 
Clyde Trust. Whence he got the idea I cannot tell, but it 
is a fact that previous to the putting of it into practice he 
had in his possession a design of mine for a ferry-boat with 
screw at each end on a continuous shaft, which may \ 
sibly have been the progenitor of the design for the Clyde 
ferry-boat constructed by Mr. James Howden. 

Yours respectfully, 


CLUTHA. 














To THe EpITor oF ENGINEERING. 

Sir,—In ENGINEERING for April the 14th there ap- 
—— a letter from Mr. James Howden referring to the 

louble-screw tug-boats lately illustrated by you. In it he 
claims as novel “‘ constructing the hull so to admit and give 
immersion to propellers of diameter.”” If any of 

our readers refer to the foot-note on 60 of ‘‘ Ship- 
building in Iron and Steel,” by E. J. , they will see 
that the 7 illustrated is exactly the same as that 
adopted by Mr. James R. Napier, of Glasgow, in the 
steamer Lancefield. As the Lancefield was 
than sixteen years ago there can be little question as to 


iority of invention. 
aes I am, Sir, yours a, Pm 





* HEAD’S PATENT PRIME MOVER.” 
To THs Eprror or ENGINEERING. 
Srr,—Since you have your columns to a corre- 
spondence upon the subject of Mr. Head’s “‘ pri * 
will you w me space for a few re thereupon. 
Like your correspondent “‘ Erimus”’ I admire the careful 
manner in which each separate part has been considered, 


results. The valve gear ments for example. The 
expansion valve gives a varisble cut-off by means of a 
travel of varying | , and Mr. Head states, that in 
opposition to the practice, he adopted an 
ment by which earlier points of cut-off are introduced by 
means of longer travel and later points by shorter travel. 
For this innovation no reason is given, but I think it is 
subject to demonstration that the step is anything but one 
in advance of the better known arrangement, which is 
exactly the reverse of that in the “ prime mover.” In any 
variable expansion gear with two valves, the cut-off valve 
should never be more forward relati to the main valve 
than when cutting off at nothing. In the in question 
this would be at the position of maximum Teoodk and sup- 
posing the whole system to be in position for cutting off at 
the commencement of the piston stroke, and then the travel 
—- decreased to its minimum h, the cut-off valve 
evidently should not be drawn fo by this movement, 
for if it should be the difference of position would show 
itself in the form of an equal amount of overlap, and until 
the main valve had, by virtue of quicker movement, gained 
upon the expansion valve to the extent of this lap, no steam 
could be admitted behind the piston; or put in another 
way, the flywheel would have to carry the piston forward 
an appreciable distance before the steam could assist it. 
With an expansion valve having a travel equal to that 
of the main valve, no angular position of the eccentric 
which gives less than 90 deg. advance between itself and 
the crank, will suffice to avoid the foregoing difficulty with 


Now, if the gear is still set to cut-off at the commence- 
ment of the stroke, that is with the valve at its maximum 
travel, and this travel then be reduced to any extent, the 
alteration will not sensibly affect the position of the expan- 
- valve, —_ be ——— to “- —_ be yee — 

upposing the gear in the new position, e engine 

dennall Serdend 6nd the main valve will travel he sae in 
the usual way, but the expansion valve will also travel for- 
ward at a slower rate, and while the steam opening caused 
by the main valve on the cylinder ports will be equal to the 
whole amount of its travel, the steam opening between the 
main and expansion valves will be ual only to the difference 
of their travels. Consequently the main valve must be 
given a greater travel than would be otherwise necessary, 
or the steam will always be wiredrawn between the two 
valves. It may be suggested to give the expansion eccentric 
more angular advance. To do so would allow the main 
valve to act without interference for a short distance, but 
the mazimum steam openings between the two valves 
would be less than before, and of course the general 
efficiency also less. 

Finally, putting the expansion eccentric back into the 
original position with 90 deg. advance, and with the same 
stroke as main valve, su; the maximum travel to be 
increased to any practical: le amount, the position of the cut- 
off valve will again be practical , and the only 
effect of the increased travel will be an increased overrun of 
the expansion valve. To put the extra travel to any 
account, the eccentric must be given more angular advance, 
so that when the travel is decreased, the valve will be driven 
—- to some small — + . 

ut this increased angular advance brings with it de- 
creased distance between the two eccentrics, with 
the attendant defect of reduced steam openings as before 
described. 

Mr. Head, however, introduces the increased maximum 
travel of the expansion valve, and avoids the diminished 
distance between the eccentrics by giving the main valve 
eccentric more angular advance, and consequently more 
lap and increased travel. The lap of the main valve 
in the ‘‘ prime mover’’ is equal to one-fourth of its travel, 
and it therefore open to exhaust at about .9 of the 
stroke, somewhat earlier than would be necessary with a 
properly proportioned valve. 

It is generally known that by adopting the arrangement 
which is di ied by Mr. Head, wherein early points of 
cut-off are effected by short travel, and late ones by long 
travel, a main valve of less stroke and lap may be , 
necessitating less travel for the expansion valve, and that 
the steam openings may be maintained for some distance 
equal to those given by the main valve alone, producing a 
quicker action for the cut-off when it actually commences. 

I think it is also admitted that this , even when de- 
signed with the most suitable proportions, is still inferior 
to those where variable ex: on is obtained by means of 
varying angular position of expansion eccentric, or by vary- 
ing length of expansion valve. Apologising for length, 

I am, Sir, yours truly, aM 


Walton-on-the-Naze. April 17, 1876. 





THE CASSON-DORMOY PUDDLING 
FURNACE. 
To THe Eprror oF ENGINEERING. 

Srr,—In Mr. Fisher Smith’s paper recently read before 
the Iron and Steel Institute and reported in your issue of 
the = ~ a ——— as follows a afte 

= igan Rolling Mills Company, after 

i Gab contaeath the furnace, have determined 


ines are already ° 
will kindly insert this i next issue and 
aan ee Oblige, Sit, yours faithfully 


GzoreE CLOUGH AND Co. 








but also like him must take exception to some of the 


Stockton-on-Tees, April 12, 1876. 
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STEAM DOMES. 
To THE EpIToR OF ENGINEERING. 

S1r,—I have considered the letter of your correspondent 
under this head which appeared in your last impression, 
and beg to submit the following observations. The clause 
quoted from the Board of Trade inquiry (on the explosion 
that occurred on board the s.s. Renown), recommending that 
steam domes should be either ‘‘ adequately strengthened 
or dispensed with altogether,’”’ is undoubtedly a well- 
warranted statement. A large number of boiler’ explosions 
are traceable to the weakness of the shell in the locality of 
the steam dome. There are numerous land and locomotive 
boilers made without steam domes, in which cases the 
steam space is ample and the steam is generally taken off 
the surface of the water throughout the length of the 
boiler by an internal perforated pipe. For marine purposes, 
however, where economy of space is a sine qué non, the 
steam room is frequently very stinted, the dome being 
attached to aid this deficiency. When applied, domes should 
be designed so as to cause as little weakening of, and 
throw as little extra strain upon the shell of boiler as pos- 
sible ; to preserve the strength two points should always 
be observed. 1, The opening cut in shell under dome 
should be made small (never larger than to admit a man for 
inspection), and the orifice strengthened by a wrought-iron 
ring. 2. The area of neck of dome should be nced to 
the minimum (as domes are generally made parallel), this 
requires a dome or domes of small diameter, which would 
be of little service unless exceeding the average length. 
When a large diameter of dome is necessary the bottom 
part (made from Yorkshire plate) ought to be contracted at 
bottom, or have a separate junction piece of small dia- 
meter connecting it to boiler (see Fig. 1). 


Fic.1 














Care should be taken in ag: a boiler to maintain 
the strength if possible uniform: throughout, because a 
shell is no stronger than its weakest plate. The experi- 
ments recorded in your journal a week or two ago show 
very conclusively how openings deteriorate the strength of 
a boiler shell ; rod of Mr. Croll, however carefully they 
may have been conducted, give very little ‘‘ data’’ indeed on 
this important subject; that the boiler he tested stood 
95 1b. pressure without any alarming results is about all. 
When a dome is employed it impairs the strength of shell 
in two ways. 1. By reducing the longitudinal sectional 
area of shell plate through centre of opening cut for it, which 
weakness cannot wholly be made good by a strengthening 
ring round opening. 2. By causing a tension equal to that 
on the crown area of steam dome, upon the annular part of 
shell covered by flange of dome. For example, the steam 
dome referred to by Mr. Croll is 5 ft. in diameter, and sup- 
posing opening in shell to be 15 in. in diameter (a dimension 
not given), the shell plate is reduced in strength, as the 
flange is too far from edge of opening to compensate for the 
] ~ § deficiency. The second source of weakness is the 
greater of the two; a pressure of 95 lb. per square inch on 
crown plate of 5 ft. dome amounts to about 120 tons, tend- 
ing to blow it off ; this force is transmitted through the 
rivets at its base to the shell (the inner row of rivets with- 


standing the bulk of this great pull), in which, supposing | ,. 


there are 80, causes a tension of about 1} tons on the shell 
plate around each rivet, indicated by dotted line, Fig. 2. 





It must be borne in mind that this local strain is in excess 
ofthe bursting pressure exerted at this or any other part of 
the shell ; the flange of dome relieving this local strain but 
little. The weakest part of the boiler shell will be where 
the distance from rivet hole at base of dome to edge of plate 
is least. It is difficult, owing to the complex nature of the 
strains, to form a rule whereby to determine how much the 
strength of a shell is impaired by using a dome; but it is 
quite apparent from the experiments published in your 
journal, and from these observations, that they are a great 
source of weakness, and those of large diameter at junction 
with shell (like Mr. Croll’s) sige abolished. 
LEXANDER SMITH. 
Glasgow, April 18, 1876. 


To Tue Eprror or ENGINEERING. 
_Str,—The letter and sketch of Mr. David Croll, Jun., 
given this week, is very interesting, and if a few more ex- 
periments are carried out in the same direction it will be 
very soon found out that domes, if rightly used for the 





purpose for which they are intended, é.e., taking the steam 
out away from the unavoidable excitement and commotion 
of the water, do not merit the sweeping condemnation 
passed on them by the Board of Trade. 

The figures given by Mr. Croll speak very plain. He says : 
‘* At a pressure of 80 lb. the dome rose ,'; nds at a b, and only 
vy nd atc d,’”’ the difference in the measurement of the two 
distances given is so very slight, that unless some great 
strain or power was at work the dome at c d must have risen 
#unds, the sameas it did at a 6. I feel quite satisfied if the 
cause of this is looked into it will be found that the weak- 
ness caused by domes does not lie with the dome but with 
the malpractice of fixing the outlet or stop valve on the dome. 
It is quite evident to me that the connexion of the outlet is 
made so rigid that it will not give way to the expansion, 
and consequently throws all the strain on the dome joints, 
and thereby weakens it; whenever I can I always advise 
my clients to take the steam out by means of a pipe led 
down from the dome into the boiler, and led backwards and 
forwards the full length of the latter, being finally con- 
nected to the top of the shell, outside which the stop valve is 
placed. By this means all the strain on the dome is removed. 

Yours very truly, 
RoBERT JOHNSON. 
36, Houghton-place, Bradford, April 18, 1876. 





ROCK DRILLS. 
To THE EDITOR OF ENGINEERING. 

S1r,—A correspondent comments in your last week’s im- 
pression upon the conflicting particulars of the weight of 
the ‘‘ Ferroux’’ rock drill in the published reports of the 
paper I read before the Iron and Steel Institute at the last 
meeting of that body. Your correspondent observes that 
some reports state the weight to be 2 tons, while others put 
it at 5cewt. The latter is the correct statement. The error 
of some of the reports is due to the fact that I got no 
‘*proof’’ of my paper from the Secre’ of the Institute, 
and as I never saw my paper in type till the day it was down 
for reading, I had no means of correcting the copies put in 
the hands of the reporters, save by reading the true weight ; 
but as the reporters took it for granted the text was correct 
in some instances, a wrong statement was published in some 
reports inadvertantly. 

I remain, Sir, yours faithfully, 
Hamitton W. PENDRED. 
22, Leadenhall-street, London, April 18, 1876. 


RAIL JOINTS. 
To THE EprIToR oF ENGINEERING. 

Srr,—Some little time ago I read with interest the paper 
of Mr. Sandberg on rail joints, and your remarks thereon 
in your issue of December 3, 1875. Since then I have 
awaited the discussion on Mr. Sandberg’s advocacy of deep 
joints, and regret very much that the members of the Iron 
and Steel Institute should have evinced so little interest in 
the matter. 

In commenting on the absence of discussion you remark 
that the gentlemen present were rail makers and not rail 
users, but surely this fact offers no excuse for the apathy 
which appeared to prevail. Rail makers should, and no 
doubt do, endeavour to produce the best article possible ; 
should they achieve this end the virtues exhibited by their 
products redound to their credit and profit. 

The greatest virtue a rail bar can possess is the faculty 
of long life. Can it possibly be a matter of non-interest to 
the rail maker how his rails are used, and to what condi- 
tions oy are subjected on leaving his works? A rail on 
leaving the maker’s yard may be endowed with every quali- 
fication necessary to secure longevity, but the conditions 
under which it is exposed in use may not only be directly 
opposed to an effective display of such qualif cations, but 
actually such as in fact to hasten its failure. 

Weak and ill-designed joints, over and above every other 
circumstance, are po a ar to cause early deterioration of 
the rails, however good these may be. In fact, apr yo 
oo a paradox, the ter the qualifications of the 

il for long wear under traffic, the greater the evil effects of 
an inefficient joint. 

Addressing you in March, 1874, on this subject, I referred 
70 per cent. of. the total vibration observable on railways to 
faultsin the permanent way. I asserted that the greatest of 
these faults was the wretchedly bad joint in common use, 
and that the vibration and hammering arising therefrom 
exercised a most prejudicial influence on the strength of steel 
rails, steel tyres, and steel axles. 

Two years’ further observation and consideration tend to 
convince me that the above conclusion is correct. If it be, 
makers of steel rails should be the last men to exhibit want 
of interest in any attempt to improve rail fastenings, or to 
_ any effort to remove the worst of the detrimental con- 

itions which affect their goods when in actual use. 

Mr. I. Lowthian Bell tely called attention to the 
fact that steel rails are for some reason not equal to what 
they used to be; Mr. Snelus on the same occasion ascribed 
the falling off to a deficiency of carbon: ‘“‘ The manufac. 
turers were compelled to make the rails exceedingly soft.’’ 
All this is easily accounted for. 

A steel rail may be made hard or soft. In the first case 
it will wear long, always provided that it does not break : 
in the second, although the wearing power is reduced, no 
risk of breakageisincurred. B: is properly 
with horror by everybody ; to avoid it soft rails with non- 
wearing qualifications are in demand, and are produced. 

It appears to me, however, that a much better end would 
be served by achieving for rails possessing the requisite 
amount of hardness to insure long wear, freedom from in- 
fluences which tend di to their failure. 

If the hammering and vibration to which rails are sub- 
jected when in use be one of these influences, and as I believe 
one of the very worst, and if the i i 








-designed and 





be due, to the extent rags Segoe to 
badly-constructed joints, t 





and vibration | total 





en surely the wisest course ! i 


would be by improving these toinsure the safe use of rails 
endowed by the maker with the conditions. necessary to a 
sound and long life. : ‘ ' 
It was my intention to have made some remarks on deep 
rail joints, these, however, I must Py present alg 
OsEPH Potrs, Jun. 
Sunderland, April 10, 1876, ore 





‘“*CHEAP RAILWAYS.” 
To THE EprTor or ENGINEERING. 

Str,—-Allow me a few words in to your remarks 
of 7thinst. I am sorry that the dra which accom- 
panied ay eoeewere not sufficiently distinct to prevent 
the mistake into which you have fallen. I send here- 
with a copy of the drawings which I have colourel 40 as to 
show the entire independencé of the ine and boiler as 
regards the central neue: The a ae a boiler, steam 
pipes, engine frame, and main driving axle are ri con- 
nected, but are not attached to the central ie. The 
main axle bearings simply move vertically in horn 

des, the same as the axle boxes of an ordinary engine. 
here is, therefore, no rigid connexion between the cylinders 
and the bogie frame. 

As the action of the affecting the dis- 
tribution of weight, you would be right if the spur wheels 
were attached to the bogie frame, but this they are not. 
They are carried by the axles of the t , and 
preemie have no tendency to their axles off 

e ; : 

With reference to the coteentine wer of the engine 
described in my pamphlet and those of 1 Mr. Fairlie, I was 
allu to the engine described in Mr. Fairlie’s ‘“ Battle 
of the Gauges,” as made for the Mexican Railway. Mr. 
Fairlie informs me that he has constructed larger engines 
for Peru, of which when I wrote I was not aware. 

I subjoin the —s dimensions of these engines, which 
I believe were both for 4,8} gauge, and of mine for the 
metre gauge : aaah: 

Mexican. Peru. . 

Heating surface, sq. ft. .:.- 1687 ~° 2059 


Grate area, sq.ft... Be “27 
Weight in working order, . 
= force at 80 Ibs. 16,200. $3878 9% ! 
e OU gear G00 a ban 
April 19, 1876 bow bata 247 rn ; he 
pril 19, 1876. + ae GRIDGE.: 
e are obliged to Mr. for g the 


co. sketches he mentions, these explaining 

frame of the centre bogie is not bolted to the frame at- 
tached to the boiler as would a premteseord paying) yo 
in his pamphlet, and which we reproduced on page of 
our number but one. While, however, we now find 
that Mr. Longridge has provided a sliding connexion be- 
tween what we may call the “ boiler frame” and the central 
bogie frame, we cannot this sliding movement as 
acting quite in the way Mr. Longridge in . 
wrt dd Mr. Longridge’s plans, as now explained, the 
** boiler wt comntle of ete oot Paee 2 pee 
(not shown in his cross-section) attached to the bogie 

but these guides only poe of a movement at right angles 
to the ie frame, and therefore, supposing these guides to 
bea fit, they will only allow the bi to rise and fall 
parallel with the bogie frame. But the Lg aor rat Nght 
if they act at all, make the boiler take a position ned 
to the bogie frame, and hence they can act by strain- 
ing the guides, unless the latter are ‘fitted More- 
over, as we pointed out in our first notice of a: eee 
engine, the whole task of steering the boiler 


e 


has to be performed by the central bogie, the 
Of the bother nok being wrrenated i eis any gla 


80 as 

wer. Now the boiler with its smoke box n 

length, and it has attached to it tanks containing 900 
gallons of water, and therefore the task of guiding it round 
curves of 100ft. radius (such as Mr. Longridge apa 
engine will traverse) is no slight one. 
rg eget ye this guiding of the boiler has all to 
boghe tenet wane t thi : time this 

e es, W at the same time this sliding hetero 

ment is ex to work freely to accommodate i 
of the ! To mention such an ent is to con- 
woe ath vp g that the fast of the gearing’ bang 
wrong in sw’ g e su 
rastek bere Feunat cuntiod ou thy ailiesSeauealid oh 
gearing in any way modifies the truth of the statement we 
made. The fact is that he netee ot ee ere ae 
an important alteration and inequality in the distribution 


of load on the axles when the engine is exerting its maxi- ” 


mum er. It would be tedious, and perhaps diffi to 

explain thie action of the without the aid of 
and Mr, 8 having 

ing for press, it is impossible to en- 

blication week. We 


us while we are 


grave such a diagram in 





will, however, return to the su next week, and then 
explain the matter further.—Ep. E.] 5 
SPANIsH TELEGRAPHY.—The official Spanish - jo “¢ 
wabiiseen. Hagman D ‘ fo Direct ; ish Tele- 
Com: blishment a 
frorpotwocs Bax iolice on fivctenlons Ukeaben: 
already works submarine cables from Barcelona :to 
Marseilles, me ibe Tinned to Seabantieticns! 23 000! 


the ‘Australasia, and Ohta T 
(Limited), itp zeteente te hse 
laid by % between Australia and New Zealand, state that 
the i ion of the cable is very. » The. total 
cost of this cable seems likely to -be «The 
r amnen 5 it eer the ‘ Extension, 
its various lines to December Lets ea se tee. . 
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ON WATER-TUBE BOILERS.* 


aren to the official held $ Tiverpool by the 
to at Liv 
of Trade into the loss of ‘life caused explosion of 


—_ 


This is rightly regarded as a most important case ; 
ne as other attempts to improve the construction of marine 
jlers, although very fully discussed in the press, have 
directly brought under the notice of this Institu- 
tion, I venture to offer a short réswmé of some of the prin- 
iples and facts involved in the question. 

e almost universal adoption of high-pressure steam at 
sea has brought with it much inconvenience, notwithstand- 
ing its great economy of fuel. The anxiety attending upon 
construction the working of the marine boiler is 
much greater now than formeriy, its first cost is largely 
increased, the expense of repair is much more, and the dura- 
tion of its life is much less. I think I will have the con- 
currence of the members in saying that one of the gravest, 
if not the very gravest and most important, of the questions 
now arising in connexion with the machinery of steamshi 
is the improvement of the marine boiler. And not only 
does the present practice leave much to be desired, but the 

eeling in favour of still higher pressures is checked chiefly 

the difficulty of designing a boiler which will sustain 
t' safel efficiently. It is an axiom laid down by 
theory, and confirmed by ice, that the higher the boiler 

ure and the greater the ratio of expansion, the greater 

is the economy of fuel. Theoretically this axiom is sus- 
tained by the fact that to generate steam of the pressure of 
30 Ib. per square inch about 1190 deg. of heat are required, 
while to generate steam of 1201b. per square inch about 
1218 . of heat are required, that is to say, to produce 
steam of four times the boiler pressure less than 1 times 
the heat is required. Again a boiler pressure of b. per 
square inch requires about 1235 deg. of heat, or ly, times 
the heat of steam at 301b., and contains eight the 
initial force. Practically these differences are so small that 
the same consumption of coal may be taken to evaporate 
the same quantity of water, whatever the pressure. 
Theoretically, therefore, we have only to increase our 
boiler pressure to reduce our consumption of fuel, were it 
not that two well i considerations intervene. 
Fi we have not hitherto been practically able to con- 
struct a boiler which, under usual conditions of steamship 
requirements, will stand a pressure ter than is now 
in use; and second, the heat of very hi pressed steam 
burns up the lubricant in the i = er, qpiakiy 
pr was the working parts. ith second con- 
sideration, however, we have not now to deal; and if we 
could overcome the difficulty of making a boiler to bear 
MR lb. with safety, much improvement would be 
e . 

To start from the beginning, let us remember that the 
thickness of the shell of a cylindrical vessel containing high- 
trength 4 LY hg rtion to 4 of 
8 . py | in increase 
prsnure end diameter, snd ate Eick of the sal 
may, with the s necessary for any given 
pressure, be reduced, if its diameter be also a a 
very usual size for modern high- i i 
i op, BAe Comal, thickness of the shell of 
a boiler this diameter, double rivetted to bear a pressure of 
1201Ib. per square inch, would be fully lj in. I am not 
ware <-say papi ot boiler construction where the 
thickness of oy pin hnentant ee. E> and 
it is almost doubtful if, considering the practical difficulties 
f panei, o pesteelly job is made with shell | f 
plates of this thi as OS Come 3 Geneeey 
green that to make sound workmanship with a thi 


2 


F 


than this is practically impossible. On the other 

a oe vessel or tube, say, 12 in. in diameter 

» for same of 120 lb. per square inch, be 

, if welded, only 1 in. thick, and still possess the same 

; , —_ or, for a pressure of 150 lb. per 

square inch, it would be made about } in. thick, 

and this would give a factor of safety nearly three-fourth 

times er than that by the cylindrical boiler 

shell 12 ft. in diameter, 1} in. thick, and pressure of 120 lb. 

: ees cote, © refore, that the limit of pressure 

with t type of boiler has been reached ; and when 

’ si Pepe much eS fuel nage Soem eBiaatad by 
increasing pressure to its present neight, and how m 

more economy may be effected by still further increasing 

the pressure, it is seen that the adaptation of an efficient 

high-pressue marine boiler would meet a great and in- 


creasing want. 
Many look for the solution of this problem to the 
known as the water-tube or tubulous boiler, that is 


of material a much higher is . 
and, indeed, by the Ady ~T EL of 
the shells a higher pressure of steam is and more 
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further that a war ship ina 
foreign station must either 
return home or to thi 
dockyard in the event of any 
serious wear upon ordi 
boilers, but so many s 


system might be carried as 
to greatly extend the period 
of service upon a foreign 








boiler of the ~ need type, 
the boiler of the 
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VI 
of the flame and heated gases 
running in a direction at right 
angles to the surface of the 
plates in contact with the 
It is noticed that the 
direction , # - flame in the 








long the faces of the heat- 








water-tube boiler it is in a 


aoe 
0! e 8 
directly, as in this latter case, 

































































enables thinner plates con- 
veying the heat more per- 
—r the water to be used, 


t also increases 
the action of the e itself. 


























Fias. 3 anp 4, Borers or THE 8.8. “ Propontis.” 


Clearly the smallness of the contents of a tubulous boiler is 
in some respects a serious drawback, although it is in other 
respects an advantage. The difficulty of ini 
from the nature of the case greater in the 
friction of the water 


face upon which they 
and direct when 
The condition most essential to safety is 

good circulation. The heat to which a tube 
xposed amounts to upwards of 2000 deg. ; 


tubulous boiler, and the increased 
wer to absorb heat, 4 


due to high pressure adds to this difficulty, while at the 
same time it increases the necessity, and it is a matter for 
the earnest consideration of inventors whether artificial 
feed inlets or otherwise, 
. This idea has been ex- 


marine engineers, 
circulation thus 


ific heat of water, or its 
is twice that of steam, and in 

water absorbs the latent heat of steam, making 
in arrivi bE ch Lees on 
in arriving a‘ conclusion that a tube of, sa 

# in. thickness, which is not relieved by freely ci 4 
water, will become hot and 


tive power many times circulation, produced 
may not after all be resorted 

sed to me by one of our most eminent 
and it does seem that the certainty of good 


in a very few seconds, 
lication of working 


be shown that the absence of provision for this 
d tion n the primary cause of the diffi- 
culties the water-tube boiler has yet encountered. i 
noticed, on reference to the diagrams 

water is contained by the o: 
the volume of water held 


i s, how large a body of 
as 


parts acted upon by the fire have the water 
ressing strain. Although the crush- 


ing them with a com 
i iron is less than its tensile strain, the 


ing strain of h 
case in point "Of the fire pla i 
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boiler must conform to its limits. A less leisure 

and methodical action is necessary than in a 
machine used for stationary pa , and defects 
of little importance on land develop into serious 
evils at sea. We may best elucidate this question, 
however, by considering some of the cases in 
which the — ond has —— - 
marine pupae, ani i cause 

failure in these cases. Sev: practical trials at 
sea have been made, and the enterprising and 


\ owner 
A Montana, and Mr. W. H. Dixon, of 
iverpool, the owner of the steamship tis. 
The  Y in these vessels being the most 
Samecem Teemrneas 
attention to them first. 


Palmer, of Jarrow-on-Tyne, with boilers 
to work at 100 Ib. pressure, and i 

that the economy of fuel 
Figs. 1 and 2 (see page 320) will convey a 
idea of the nature of the design, 
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Borters or tHe Ferry Boat “ BIRKENHEAD,” 























































































was com 
15 ft. long, 
with each other by 
diameter 
horizontal 




















Dera oF Borers or “ Birxenuzap.” 
of tubes 15 in. in diameter and 


nage Be the ends, but communicating 
vertical 


; there were five horizontal, or near] 
, rows of these tubes in each boiler, 
i seven tubes. Ni 









' the — three steam 
~ u reservoirs or superheaters 3 ft. diameter. 
desi the boiler the two vertical rows of tubes 
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Fie. 11. 
Figs. 9, 10, anv 11, Bomers or tHE “ Amaia” AND “ Pau.” 





| oe the poet really no outlet, 
e Zin. pi 

onl as to be genni 

action of the steam generated in these sections 
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ly an ap natural 





necks about 6} in. in 
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. i tubes, to accumnu- 
there, and to depress the level of the water, driving it 
through the bottom pipes from all that vertical on 
of tubes, and finally ex to the direct action of the fire 

only with steam, or steam and a small 
of water. This is exactly what did take place, and 

trial passage of the vessel from the Tyne to- 
Mersey, five of the tubes burst. These tubes were 


i 


baa 
4 
= 


» 80 as to 


foal sow soly 60 oct 
iler, leaving the outer vertical row only to 
. For some on Soom Seenerae ore 
of better success, but after a day anda "3 work- 
more tubes, one of them the fourth from the front 
bottom row, gave way ; and the owners, completely dis- 
raged by these failures, and taking into consideration also 
fact that the boilers were heavier and more than 
ilers of the same power of the ordinary kind, decided to con- 
mn them, and replace them by ordinary cy boilers. 
cause of the failure of the sections devoted to feed-water 
ting appears sufficiently obvious, and as the separation 
f these sections was a special feature in this example, and 
is not likely to be repeated in other water-tube boilers, we 
may dismiss it from further consideration. But the burst- 
ing of the other tubes is more serious, and appears to more 
closely affect the ral principle of water-tube boilers. A 
very able article, from which some of the particulars given 
above have been drawn, appeared in the Nautical Magazine 
on the =e of the Montana’s boilers, and it is there sug- 
ted that the cause of the explosion of the inner tube on 
bottom row, was the absence of a sufficiently large steam 
connexion between the top or steam-holding chambers to 
counteract the inequality of pressure in them. It will be 
noted that the food pipes for all the sections are common 
to one feed-water chamber, and, supposing any inequality 
of st@am pressure to exist, the water d, course, be 
forced from the chamber containing the highest pressure to 
those containing a lower pressure. The steam pipes con- 
necting the upper chambers were 2 in. in diameter, and the 
area of the firegrate under each section was about 7# square 
feet. A very simple calculation shows that these 2 in. pipes 
were very small if any large difference in pressure was to be 
equali Another explanation, and one which pee 
quite reasonable, was advanced by Mr. John Watt; he 
calculates that the grate surface, 7.75 ft., acting upon the 
water in each bottom tube, is equal to the evaporation of 
12.83 lb. of water, or 78 cubic feet of steam at 50 lb. pressure 
per minute. Now, the only orifices through which this 
quantity of steam may escape are the before-mentioned pair 
of 64-in. vertical necks, which have each an area of 33.18 
square inches; one of these would probably be a downcast 
for the water, and the other, at the higher level, being an 
} mane for the steam, the steam would, therefore, rush 
ugh this neck at the rate of nearly 340 ft. per 
minute, a speed so great that the assumption that the steam 
would drag the water u from the bottom tubes, leav- 
them exposed to the , does not seem rated. 
Whichever of these explanations be correct, it is evident, in 
the light of the experience now gained, that the failure of 
these tubes in the Montana’s boilers — from easil 
preventible causes, because in a fui design the feed- 
water arrangement could be omitted, and the steam con- 
nexions to equalise the pressure in the different sections 
could be enlarged, the vertical necks for the escape of the 
steam could be much increased in area, and it is possible 
that if these alterations had been effected upon the Montana, 
a result nearly approaching success would have been 
obtained. Indeed, it was most unfortunate in the interests 
of science that no further experiments were made with this 
vessel ; she was condemned after a series of trials extend- 
Sis id over not more than five or six days. 
tis is a steamer of about 2000 tons, belongi 
to Mr. W. H. Dixon, of Liverpool. In 1874she was fi 
by Messrs. John Elder and Co. with boilers on the water- 
tube ple, under Rowan and Horton’s patent. Figs. 3 
and 4 (see page 318) represent the construction of 
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. | with any salt, was just what might have 


evils, which had been gradually accumulating, developed 
themselves in an unpleasantly conspicuous manner. It will 
be noticed that some of the cunler sized vertical tubes 
terminate in S bends at the points where they join the hori- 
zontal vessels. The iarity of this bend rendered it im- 
possible to clean the tubes from scale, so that salt water 
could not be used ; indeed, precautions of an unusually per- 
fect character were taken to admit distilled water onl 
to the boiler, and the action of this distilled water, unmix 
been expected ; a 

corrosive action was set =e the tubes, some parts of the 
internal surface were quite untouched, while other parts 
close to them were perforated by circular blotches of corro- 
sion of }in. to 1} in. diameter. These were continually 

iving out, allowing the steam and water to escape , = the 

res. The defects were temporarily remedied b wing 
the fires and binding a ligature round the injured tube over 
the hole, and these little explosions were of such frequent 
occurrence that one of the four boilers was almost constantly 
disconnected. 

In the early part of 1875 the boilers underwent a thorough 
repair, being supplied with some 300 new tubes, and were 
tested by water pressure to 275 lb. After this a small 
quantity of sea water was allowed to enter the boilers to 
make up the waste, and after completing another voyage 
to and from the Levant, her boilers were opened up and 
found to be coated with a slight scale. In September of 
last year she commenced another voyage, but on the third 
or fourth day the wing chamber of the forward starboard 
boiler burst, injuring two men, the pressure at the time 
being 1501b. The rent was nearly 2ft. long, and was in 
the solid plate, ' 5 Po ta < eof the —_ and about 
its middle length. isbon this was repaired by rivetting 
a patch fin. thick. Leaving Lisbon, she had been but a 
very few days out before another explosion took place, the 

ressure at the time being only 105lb. The fracture was 
in the wing chamber of the starboard after boiler, and was 
in in the solid plate, at the lower side of the chamber ; 
the rent meas’ 12in. by 7in. The diameters of the 
tubes which gave way were 21 in., the plate jin. thick, and 
the bursting pressure of this would be 1200 lb., provided the 
late were cool and uninjured. Putting into Algiers, the 
ilers underwent an inspection by French engineers, and 
in accordance with their advice, the furnaces were partially 
bricked up, and the pressure reduced to 60lb. It may be 
here remarked that the opinion of the French engineers 
that a reduction of pressure meant, in the case of these 
boilers, greater safety, was very questionable. It may be 
a paradox to say that the lower the pressure the greater 
the danger, but in the case of water-tube boilers, under 
certain conditions, that is the fact. Let us remember that a 
cubic inch of water will make a cubic foot of steam of the 
same tension as the eg =r and that the greater the 
pressure the less is the of any given quantity, say a 
und weight of steam. Now as the power of a boiler may 
. measured by the number of pounds weight of steam that 
it evaporates, the Propontis’ boiler would evaporate no 
really greater quantity of steam at 60 Ib. pressure than it 
oo evaporate at 1501lb. pressure ; but whatever steam it 
did evaporate would at 60lb. pressure re! more than 
twice the space it would occupy if at 150lb. pressure. 
Again, evaporation cannot take p without circulation, 
and circulation is the mutual c ing places of the steam 
as it is generated and the water about to be evaporated ; 
if, therefore, the steam occupies twice the volume, then 
there will be twice the space for it to travel through, to 
circulate or change places with the new water ; and as one 
dangerous defect in the Propontis was insufficient circula- 
tion, it is seen that by lowering the pressure the French 
consulting engineers may not at all have increased the 
safety of the boiler. It is a most interesting investigation, 
but one which I fear can only be conducted practically, to 
learn how far the increased friction, varying directly as the 
pressure, compensates for the decreased volume of the 
evaporating steam. The vessel was towed from Algiers to 
Gibraltar, and then the extra firebricks were taken out, a 
baffle plate between the chambers and the fires was fitted, 
and test cocks were placed on each water chamber. Under 





these boilers, It will be seen that are four in number, 
i consists of seven hori- 
by vertical tubes 
mted by numerous pipes 2} in. in 
diameter ; Seas Weecied Gone in = Aaa being in- 
creased lomes. 'o further guard against 
yrimide are carried directly from the steam dome 
lown to the lowest vessels, so that any water carried up b 
the steam will be broken from it in the upper chamber, an 
fall down again to the lowest level ; the feed is also delivered 
at the bottom chambers. Baffle plates are fitted to circulate 


bers were 3 no connexion was 
made between the apper or steam chambers ; the importance 
of this omission is obvious, and was discovered in the work- 
ing of the boilers, as will be seen further or. The working 
i the defects in the 





by 
long ! only 


the protection of the baffle plates, and the careful watching 
of the water level made possible by the test cocks, the 
vessel steamed home with three boilers. 

Upon final examination it was found that the vertical 
tubes were bulged and distorted in several places, and all 
the horizontal tubes exposed to the direct action of the fire 
were more or less bulged upon their lower sides, thus 
affording clear evidence that in most of the water chambers 
of the boiler steam was sometimes collected. These bulg- 
ings or partial injuries to the boiler evidently arose from 
defective circulation, and the ting or more serious in- 
juries were the result of the unequal pressure of steam in 
different sections. There was no pipe connecting the steam 
chambers of the two boilers, and although the steam 
chambers were not connected the water chambers were, so 
that any increase of steam pressure in one boiler simply 
had the effect of driving the water out of its own chamber 
into the other boiler. Not only was the unprotected plate 
exposed to the fire, but the abnormal increase in the water 
level of one chamber held out every inducement to priming 
This serious structural omission explains the bursting due 
to overheating, and at the same time the priming which 
occurred. It is very remarkable that the partial absence 
of a similar pipe contributed to the failure of the boilers of 
the Montana. It has been suggested that the bursting of 
the tubes in the Propontis arose, not so much from defec- 
tive circulation of the water as from corrosion and conse- 

uent weakening of the plates ; this is the fact as regards 
the small circular perforations, but the same explanation 
does not apply to the longitudinal rents, and is not borne 
out by an examination into the character of the larger 
fractures. The longitudinal rents which caused the loss of 
life occurred in portions of the tubes ically uninjured 
corrosion, and it was found that fractures showed 
a slightly reduced thickness of metal, and that at a 





distance of about lin. from the lip of the rent the plates 
resumed their original thickness. The bursting pressure of 
the rent tube was, as already stated, 1200 Ib. per square inch, 
and the uncorroded appearance of the fractured portions 
ints to the conclusion that defective circulation and over- 
eating caused the explosions. agen cy if hot, would 
stretch a little before giving way, the confined space 
over which the thinness extends seems to show that it 
should be traced to stretching only. 

The Birkenhead is one of the passenger ferry 
steamers running between Liverpooland Birkenhead. She 
was built in 1872, and fitted by the Patent Steam Boiler 
ong Birmingham, with tubulous boilers on Root’s 
patent. The boilers, Figs. 5to8, were each divided into fifteen 
sections, each section consisting of eight horizontally-in- 
clined tubes 11 ft. long by 6 in. in diameter ; these tubes 
were at the ends conn to small cellular vessels. Com- 
munication between these vessels in their respective hori- 
zontal tiers was effected by bent pipes bolted to them, as 
shown on the diagrams. The working pressure was 40 lb., 
although in designing the boiler the pressure was intended 
to be 60 lb. The arrows on the diagram show the current 
the steam generated in the bottom tube must take to reach 
the steam reservoir at the top. Itis only fair to the manu- 
facturers to say that they laboured under the difficulty of 
very confined head room; these vessels are of limited 
draught, and as a flush deck is necessary for the passenger 
traffic, the vertical space at the disposal of the designer 
was quite insufficient to give boilers of this type a fair 
chance of success. The boilers were for the‘first few months 
of their existence worked with impure water, and consider- 
able trouble from overheated tubes was the consequence. A 
fresh water tank was afte , and with an im- 

roved result, but still it was found that the tubes in the 
ttom row were continually bulging and giving out from 
overheating, and the vessel was frequently off duty for re- 
pair. The exit of the steam was no doubt retarded by the 
turnings and counter-turnings it underwent before reaching 
the surface. The greater vertical distance through which 
the steam rises from the surface of the water before rush- 
ing to the engine, the less is the tendency to carry water 
away with it, not only because there is more time given for 
the water to fall back from the ascending steam, but 
because the pull caused by each stroke of the engine is less 
severely felt at the bottom tubes if they are some distance 
below the steam outlet. The diagram shows that in this 
design a very small height was between the stop valve and 
the bottom tubes, and the engines being paddle engines 
with large cylinders and slow stroke, there is no doubt that 
the tendency of the water to forsake the bottom tubes was 
greatly enhanced from this cause, although primarily due 
to imperfect circulation. This defect would also be in- 
creased by the stoppages and the lying-to of the vessel in 
her work as a ferry steamer allowing accumulations of 
the steam pressure. Not only so, but the deficient room 
rendered it impossible to get in so much boiler power as was 
afterwards thought necessary, and the manufacturers 
allege that consequent forcing of the fire contributed 
in no small degree to the failure of the tubes. The sister 
ships to the Birkenhead, working on the same station and 
with very similar engines, but boilers of the ordinary type, 
offered an excellent standard of the average consumption of 
coal, and the saving in the Birkenhead, and comparison 
with one of the boats amounted to 17 per cent., and by com- 
parison with the other, to 25 per cent. This result is the 
more remarkable when it is remembered that the pressure 
was only 40 lb., and that the expansion in the engines of 
the Birkenhead could not be greater than in the sister ships ; 
the comparative economy was therefore entirely due to the 
more. effective arrangement of the parts, the thinness of 
the metal in the tubes, and the direct action of the flame 
upon them, favouring the evaporation; had the pressure 
been higher, and the expansion greater, the economy would 
no doubt have been largely increased. Notwithstanding 
the excellent result in point of economy, the Ferry manage- 
ment condemned the boilers after nearly three years’ work, 
on account of the continual breakdowns, and the vessel is 
now fitted with boilers of the ordinary type made by Messrs. 
James Taylor and Co. The cause of the com tive failure 
of these boilers has already been indicated ; the twisted 
passages for the exit of the steam and the low vertical 
height, added to heavy firing, caused the bottom tubes to 
be occasionally full of steam, and being exposed to the full 
action of the they were quickly destroyed. 

Another vessel fitted with boilers on a Root’s patent, and 
of very similar design, but still more contracted passages 
for circulation, was the steamship Malta, of 2000 tons, 
belonging to the Merchants’ Trading Company, Liverpool. 
They were in this case found to give off steam with great 
rapidity, and steam could be raised in them in about half 
the time necessary in boilers of the ordinary type. The 
working pressure was 50 lb. The boilers went on about 
twelve .months, during which time the vessel visited the 
Mediterranean and the Baltic. Very little priming took 
place, but the same defect as in the other eases developed 
itself, the circulation of the water was insufficient, some of 
the bottom tubes nearest the fire bulged and gave out, and 


. | the boilers were finally taken out to convert the vessel into 


a sailing ship. The engines were very old before the Root 
boiler was fitted, and their worn-out couiiilen contributed 
to the owners’ decision to alter the vessel. I am informed 
that many of these Root boilers, of the same manufacture, 
are working successfully on land, and where large space 
— be given and lei delivery of the steam is pos- 
sible, they have been found highly successful. 

Figs. 9, 10, and 11, page 319, represent the 5 
boilers fitted to the steamships ia and Pa 
Ramsden’s patent. These boilers worked very 8a y 
for about four years, but at the end of that time it was found 
that the construction of the boilers not fully providing means 
for the removal of the incrustation, the plates had seriously 
deteriorated, and the boilers were consequently removed. 

, (To be continued.) 
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NOTICES OF MEETINGS. 

THE INSTITUTION OF Orvi, ENGINEERS.—Tuesday, April 25th, 
at8p.m. 1. “Dhu Heartach Lighthouse,” by David Alan Steven- 
son, B. Sc. 2. “ Tidal Ceenes in the River Mersey,” by James 
N. Shoolbred, Aesoc. Inst. C.E. 

INSTITUTION OF SURVEYORS. — Monday evening, April 24th, 
a paper will be read by Mr. .W. H, Michael, entitled “ The Work- 
ing of the Sanitary Acts in Rural Districts.” The chair to be 
taken at 8:0’clock. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, JAMES DREDGE is 
now at Philadelphia, and that communications relatin, 
to the International Centennial Exhibition may he 
addressed to him at the Trans-Continental Hotel, ait 
that City. 
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IRONCLADS AND TORPEDOES. 

WE are not sure that Mr. Barnaby, in what we 
take to be a praiseworthy attempt to unite in one 
scheme all the best naval thought of the day, has 
not made dangerous concessions to a party which 
has no idea of being contented with half a loaf, It 
seems to us that his paper, read before the late 
meeting of the Institution of Naval Architects, goes 
so far in its comprehensiveness as to involve a com- 
pletely new theory of tactics, and to necessitate some- 
thing like another reconstruction of the N avy, or at 
least the addition of a new and numerous class of 
ships to it. 

_ Mr. Barnaby’s position is this: Heavy fighting 
ironclads, relying mainly, but not entirely, upon 
artillery fire, are still required, But though the 
gun is the most useful weapon on the whole, the 
torpedo, when it gets its chance, is irresistible, and 
‘‘it would appear that it only needs high speed and 
armour defence in the torpedo ship to give her con- 
trol over the situation, and enable her to come down 
upon her adversary in the open day and deliver her 
fatal blows; and, under the cover of darkness, she 
would not even need armour, The attack, more- 
over, of several fast unarmoured rams or torpedo 
ships upon a somewhat slower armoured ship, 





although involving the probable destraction of 
some of the attacking vessels, would still expose 
the armoured ship to fatal blows. ‘The possibility 
of such attacks by armoured rams or torpedo ships, 
or by numerous unarmoured vessels of this kind, 
exposes the costly armour-clad ships to a risk which 
they ought never to encounteralone. The assailants 
ought to be brought to bay before they could get 
within striking distance of the ironclad by consorts 
armed like the attacking vessels with the ram and 
the torpedo, which may take, like them, the chances 
of keing sunk. In other words, I contend that the 
defence against the ram and the torpedo must be 
sought for, not in the construction of the ship alone 
or mainly, but also and chiefly in the proper group- 
ing of the forces at the points of attack. Each 
costly ironclad ought to be a division defended 
against the torpedo and the ram by smaller numerous 
but less important parts of the general forces. If 
the foregoing considerations are correct, there is still 
place in naval warfare for costly ironclads with thick 
armour and powerful guns, ‘There is place also for 
association with them of unarmoured vessels armed 
with the torpedo and manned by bravemen. There 
is work also for lightly armoured and i 
armoured ships, because any armour obliges the 
adversary to increase the power and diminish the 
number of his guns.” 

It is much to be wished that Mr. Barnaby may 
find an opportunity for amplifying these conclusions, 
and stating more closely his grounds for adopting 
them, because, so far as they are given, they seem 
to admit of an interpretation fatal to the continued 
use of ironclads—a conclusion which he nevertheless 
expressly repudiates. In the mélée of a naval fight, 
to be conducted on tactical principles on which 
scarcely two men are yet agreed, it is in the highest 
de robable that an enterprising enemy, espe- 
cially if inferior to us in ironclads, will seek to turn 
to account every means of offence, however un- 
promising, which may offer themselves on the spur 
of the moment. The merest chance of one success- 
ful blow in a great action may induce him to freely 
expend his unarmoured vessels as extemporised rams 
or torpedo ships, and he may act wisely in doing so. 
The loss of even one ironclad by such chance means 
would be in the last degree annoying; yet such 
losses appear to us inevitable, The first question is, 
of course, how to guard against or wodnes them ? 
but another question arises, and, we fear, will gather 
strength from Mr. Barnaby’s paper, viz., Whether 
ironclads cannot be so cheaply destroyed by such 
means as to lose their raison d’étrealtogether. That 
they can be so destroyed no one will doubt, but the 
essence of the question is the cheapness of the 
method. That has often been maintained, and as 
often contested by us, and we see no reason as: yet 
to alter our frequently expressed opinion, that of a 
given sum laid out in large and very powerful iron- 
clads there will remain a heavier balance above 
water after an action, than from the same sum ex- 
pended either in smaller and weaker ironclads, or in 
any kind of unarmoured ships whatever. Cheap- 
ness, it is true, is not a question which will be con- 
sidered in extemporising ships under such 
circumstances as mentioned above, but there are 
two reasons which limit the potency of such ex- 
temporised means of offence. In the first place, 
though they may strike a chance blow now and then, 
they will be far more atthe mercy of a single shot than 
vessels built for the p se, even if unarmoured, 
would be; and they will not be available, except 
in rare instances, as rams. In the second place, the 
supply of suitable vessels is exceedingly limited, 
though less so in our Navy than in any other, for 
the combination of sufficient speed with suitable 
proportions and sea-keeping qualities is to be found 
only in the larger classes of war sloops and corvettes. 
However useful the mercantile marine might prove 
itself in war, it would -hardly assist us much in this 
direction. We, at least, should not know where to 
= our bands upon merchant steamers of thirteen 

ots and upwards, and yet short and handy enough 
to do service as torpedo ships. No doubt a mere 
coast defence fleet, or a sq n prepared with the 
certainty of fighting its great battle close to home, 
might be made much more formidable by the com- 
pany of powerful Pass and yachts, or other full- 

wwered harbour t, as boats ; but this 
act, though it may diminish the value of ironclads 
for coast operations, does not. affect their use in 
fleet actions at sea—by which, for anything we can 
see to the qonteers, sha command of the seas is as 
likely to be obtained in thie future as in the past. As 
we have said before, we donot doubt that in general 





actions ironclads will be liable. to be sunk now and 
then by extemporised torpedo ships, but partly from 
the comparative inefficiency of the latter, and 

from the difficulty of providing them in cient 
numbers, there is little fear that with the means of 
defence open to the ironclads, they will count for 
more than a serious annoyance. 

But if torpedo ships or small rams are specially 
constructed, either with or without some armour 
protection, and if ae provided in sufficient 
numbers, the case will —— No one doubts 
their superiority to the ironclads, if there be but 
enough of them. It is here that we could wish to 
see Mr, Barnaby’s paper more explicit. The whole 
question hinges upon the inquiry whether a sufficient 
number of such vessels to overpower a given iron- 
clad can be built for the cost of such ironclad, and 
no one has shown himself more alive to the im- 
— of the money aspect of these matters than 

r. Barnaby ; yet he expresses no opinion on this 
all-important point. He speaks of the risk an iron- 
clad would run if exposed to the attacks of 
“ armoured rams or torpedo ships, or numerous un- 
armoured vessels of this kind,” but gives no hint 


y | whether the supposed attack is from a flotilla of 


greater or less cost than the ironclad, If the latter 
—and if the peril to the ironclad is not overdrawn 
—we do not see how large armoured ships can any 
longer be useful; if the former, we have a right to 
argue that although one ironclad may be over- 
powered, two, or whatever number the cost of the 
attacking ships — entitle us to have, would be 
sufficient to repel them. 

We have so often discussed the question of lar, 
versus small ships, whether armo or unarmoured, 
that we have no intention of going into it again 
especially as we feel sure that Mr, Barnaby’s real 
views on that subject are not widely different from 
those of this journal. But the manner in which 
he pro to deal with the admitted risks to 
which ‘ironclads are e is calculated to greatly 
strengthen the case of those whom, for convenience 
and without any intention of my oe we ‘woul 
describe as the small-ship men, his apparent 
desire to welcome, as we have said, the varying 
shades of the best naval thought of the day— 
such as the later views of Mr. Brassey—he seems 
to us to surrender everything to his new allies. 
He, dwells in a way which appears, as before re- 
marked, to leave open a door for misconception, 
upon the great power of the small +" as 
the ironclad, and wo safety for J tter only in 
the singular of putting it under the protection 
of cae sunilidhign Pit it must be dealt with in this 
way, of what use is it? Are ironclads merely to 
look on while their attackers and defenders are 
fighting the battle, until the victorious. side shall be 
at liberty to sink the enemy’s ironclads at leisure ? 
Of course we shall be told this is not the idea: all 
are to take their places and fight side by side in one 
harmonious plan. But such is certainly notthescheme 
of tactics we deduce from Mr. Barnaby's brief de- 
scription of his ideal fleet, where certain small ships 
make it their business to attack the ironclads, and 
are to be kept at bay and defeated by other ships 
like themselves, ‘The ironclad is assumed 
to be incapable of defending itself with = certainty 
of success. Surely that—unless qualified by reason- 
ing not contained in the paper—is a confession of 
fighting inferiority. Either half a dozen Inflexibles 
can beat in fair fight the eighteen, or twenty-four, or 
thirty, or whatever be the number of small ships 
which can be built for the same sum, or they cannot. 
In neither case can we see an advantage in mixing the 
two t; while if the small ships are the best 
money’s worth every ironclad deducts so many from 
the fleet which is to fight the kind of preliminary 
battle by which the fate of the ironclads, and the. 
final issue of the day, is to be decided, om 

From his —— a —- 7 
be accompani special torpedo ships, Mr. 
Barnab vin find Se dissent, Our criticism is 
directed solely to the overwhelming importance as- 
signed to them, if we have read it aright, in his 
scheme. That he contemplates vessels of some 
size and cost isclear from the referenve to ‘* armoured 
rams or torpedo ships,” sigh unarmoured rams. 
The smallest sea-going high speed ram,.whethor. 
armoured or not armoured, must be a vessel of no 
mean size and cost, and.a number of these:could 
not be provided without a drain upon the Navy Esti- 
mates which must react upon the , of iron- 
clad shipbuilding. In fact they must more or less 
take the place of ironclads, and we fear it would be 
impoasible to keep them small enough, and have 
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them numerous enough, to make the loss of even 


one, to say nothing of several, a matter of slight 
im ce. So far as it is possible to — 
i 


torpedo ships without much expense, we 
most ioetent to do so, but of at the cost of 
seriously diminishing the ironclad fleet, which—as 
Mr. Barnaby justly says, at the conclusion of the 
same paper—falls far short of the number ‘“‘ which 
our extended and proud dominion requires.” There 
is so much risk attending torpedo service that the 
vessels for it should be either very small or very 
powerful. In the former direction we would go 
so far as to make them mere steam launches, car- 
ried by the ironclads. By special arrangements we 
believe every vessel might enabled to carry at 
least two launches able to do 16 knots or more 
er hour. To a limited extent they could probably 
fitted to discharge the Whitehead or self-moving 
torpedo, but for towing or spar torpedo work they 
would be distinctly superior to any other type of 
unarmoured vessel—faster, infinitely cheaper, and 
at the same time, from their s and smallness, 
less likely to be struck. In the other direction— 
t power—we would go at once to the ironclads 
emsaives. They can be fitted, better even than 
other vessels, for sending out Whitehead’s torpedoes, 
and they can use the spar torpedo from the stem, 
or the towed torpedo, as well as any other ship. 

With regard to defence against torpedo attacks 
we would say that in our opinion the most dan- 
gerous attacks of the kind will come from other 

eavy ironclads, and not from lightly armoured 
or unarmoured special ships. Ironclads will ap- 
proach each other naturally, to exchange fire at close 

uarters, and this will give opportunity for the dis- 
pater of moving torpedoes without calling the 
enemy’s attention specially to the presence of this 
kind of danger. The Harvey torpedo, towed by a 
ship which is not liable to be sunk by a single shot, 
will surely be a more dangerous weapon than when 
towed by an unarmoured vessel, bent on an errand 
which can scarcely be other than a forlorn hope. 
Again, an ironclad which has an advantage in speed 
over her enemy, though not allowed to ram her, 
should be able, sooner or later, to bring about some 
kind of collision, sufficient to explode a spar tor- 
pedo against her. Of course an attacking ironclad 
cannot afford to run such risks as a special torpedo 
boat, so that defensive torpedoes will be more 
baa A ne rather arecial ships t, _— inst — 

D t against speci ips. But, on the 
other hand, the guns of the threatened ironclad are 
available without impediment against the special 
torpedo ship or unarmoured ram, though it is 
true that, Lewever fatal they may be to the 
latter, they may fail to stop her last charge, and 
the ironclad may share her assailant’s fate. Only 
the actual test of battle will prove the true value of 
modern ordnance at sea; but we know that in the 
opinion of competent gunnery officers, appliances 
have now reached such perfection that the hittin 
of an approaching vessel—other than a steam launc 
—is almost a certainty. Granting of course that such 
cheap auxiliaries as can be had are provided for de- 
fence as well as offence, we believe the true permanent 
defence against special torpedo dangers lies in add- 
ing some unprotected guns to the ironclad’s comple- 
ment, not ght guns, but guns of large bore, 
heavy enough to sfop a small vessel, by landing in 
her a mine of —— in the form of a huge 
common shell. Nothing in Mr. Barnaby’s paper was 
more valuable than his clear definition of the re- 
lative values of the three naval ee ** Looking 
at the relative distances within which the , the 
torpedo, and the ram are operative, and the risks 
of failure in striking with them, the gun occupies 
the first place and the ram the last, as instruments 
of naval warfare.” The superiority of the gun we 
believe to be so marked as to afford a = 
sufficient protection against the dangers to whic 
Mr. Barnaby calls attention. 

The attempt that was made recently to represent 
Mr. Reed as favourable to the substitution of small 
ironclads for large ones—by a perversion of his re- 
commendations in the 7imes— we trust, been 
foiled by his letter published in Enamzerine of the 
7th instant, in which he explains that his proposal 
(to construct six second-class ironclads within the 
next two years, at a cost of a million only) was made 
in order to secure, as early as possible, a much- 
needed addition to our line-of-battle ——, pend- 


ing the completion of the large iron now in 
hand. These small vessels would be powerful 
enough, uropean 


gee circumstances, for 
fighting, when released from such duties 


would make a permanent addition of great value to 


our foreign-going fleet. Mr. Reed considers that 
with the Thunderer and Dreadnought still unfinished, 
the Inflexible in hand, and the Ajax and Agamemnon | su 


only just begun, there is no hope of getting further 
fands granted at present for building ships of the 
heaviest class, but thinks that Parliament might be 
induced to spend something on smaller vessels. We 
need not say that we should prefer two ships of the 
Inflexible type to the six proposed, but as we have 
little doubt that Mr. Reed rightly gauges the poy > 
of Parliament, we should be very glad to see 
suggestion carried out, We have never doubted the 
great value of ironclads of this type, and have often 
expressed our admiration of the Audacious class, 
upon which those now proposed are said (reduced 
cost considered) to bea great improvement. In this 
connexion we would remark that when, in our last 
article upon the subject, we said that, “if we build 
this batch of cruising ironclads, the heavy fighting 
ships will be starved for years to make up for them,” 
we did not mean—as Mr. Reed seems to think —that 
the large ships now building would be ‘ starved,” 
but merely that others would not be laid down. 
Mr. Reed believes that that will be the case in any 
event, and we are afraid he is right. That the Navy 
wants strengthening within the next two years we 
have no doubt whatever, and we confess that Mr. 
Reed's proposal seems the most practicable way of 
effecting it. 


THE THAMES VALLEY SEWAGE 
SCHEME. 

In our last volume we gave some particulars of 
the inquiry held by Colonel Ponsonby Cox, by 
order of the Local Government Board, on the appli- 
cation of the Surbiton local board with respect to 
the disposal of sewage beyond the boundary of the 
metropolis .westward on the Thames, but below 
Hampton. The inquiry commenced in November 
last, and re several days, during which the 
opinions of the local boards affected by the 
scheme were heard by the Commissioner. The 
whole matter related to the action of the Thames 
Conservancy Board, who have insisted on the cessa- 
tion of the pollution of the river by sewage through- 
out the entire extent of their jurisdiction. 

The Surbiton Commissioners in stating their case 
showed that, with one or two exceptions, the local 
authorities proposed to be united in their schemes, 
were ina very unsatisfactory state as regards the 
sewering of their districts, and were liable to 
penalties for their defaults. It was urged that their 
laches were not due to apathy on their part, but to 
the difficulties that existed in carrying out sanitary 
improvements. They therefore proposed to unite 
the major portion of the districts of the Upper 
Thames, containing an area of about 170 square 
miles, so as to form a united district for sewerage 


and sewage disposal purposes. 

Colonel Cox in his report to the Local Govern- 
ment Board just published, and which was recently 
channstesieed by Mr. Cross, in the House of Com- 
mons, as a most important one, states that the 
scheme proposed was that of Sir J. tte. Its 
object is that of collecting the sewage of 67 places 
within the united district, and by means of a great 
system of sewerage to convey the sewage to an out- 
we a ees — - {Long Reach, where the 

est Kent Drainage Com "s sewage outfall is 
to be created. It was estimated that this would 
cause a capital charge of about half a million, an 
annual charge of 50,000/., and a rate of 4d. in the 
pound to cover working expenses, and the payment 
of _— and interest. 

an sing the plan Colonel Cox expresses his 
opinion that the scheme would not meet the wants 
of the a of the districts which 
would be;affected, and that the estimate of rate 
vate tree &c., was much below what would be 
ac required, especially as several districts 
would be necessarily exempted from the rate-charge, 
having already been provided with a system of 
sewerage. In fact he seems to consider the scheme 
as far more gigantic than the circumstances required. 

In regard to sixteen places between Hampton and 
the metropolitan boundary, it appears that it would 
be impossible for the local authorities to obtain 
sufficient land for irrigation or filtration p 
While it is essential that all possible contamination 
by sewage of the river, above Hampton, where some 
of the London water companies get their supply, 
should be avoided, it is not n that an equal 








amount of purity should be required of towns 
below that intake. He therefore suggests that 





some of the existing precipitation plans might be 
safely adopted, at events below ‘Teddington 
Lock. wee od he strongly advocates that 

ch places as Richmond, Kingston, Brentford, &c., 
should avail themselves of some precipitation pro- 
cess on their sew before its admission into the 
Thames, so that the effluent should meet the stand- 
ard of purity assigned by the Conservators of the 
Thames in their order published in 1870. The whole 


sixteen places might associated in five or six 
groups for works and ment. And he re- 
commends that applications made by them for 


the above purposes should receive the sanction of 
the Local Government Board. Finally, he advises 
that the Board should not take any further steps in 
the combination of the districts mentioned by the 
Surbiton Commissioners, but in the event of appli- 
cation being made, the Board should confine itself 
to facilitating the combination of districts between 
Hampton and the western boundary of the metro- 

lis, for the purpose of jointly establishing works 

or the purification of the sewage of those districts. 

This report will certainly astonish both the en- 
gineers and chemists who have devoted their atten- 
tion to the disposal of sewage. Up to the present 
day the precipitationists have not only been left in 
the cold shade of public opinion, but have been the 
subjects of most powerful opposition, especially on 
the part of the late Royal Commission on the Pollu- 
tion of Rivers, The British Association, the Social 
Science Con and, in fact, almost all other 
authorities have been dead against them. Irrigation, 
in fact, or removal to the sea, have been almost 
unanimously to as the almost only sources 
for the di of town sewage ; an instance of the 
last-named plan being afforded in our analyses of 
Sir John Hawkshaw’s report on the Glasgow sewage, 
given at page 300 ante. 

The issue is an exceedingly difficult and unpleasant 
one for the Government Board. It is im- 
possible not to see that the rts of Colonel Cox 
and Sir J. Hawkshaw are excellent, and —— to 
the exceedingly varied circumstances under which 
each was e. But this involves the fact that the 
future treatment of sew should depend on the 
local condition of its uction and possible dis- 
posal. Itis precisely this that we have urged for 
some years past, and on the adoption of such a plan 
success, generally, can alone be attained. The diffi- 
culties will chiefly lie in details, for it will eventually 
become a question as to whether the Local Govern- 
ment Board or the local authorities are to decide 
who is to be judge of the most feasible plan. This 
will tend to litigation and delay in numerous cases, 

On the appearance of Sir John Hawkshaw’s re- 
my in respect to the Clyde, a sense of relief was 

elt that some plan had been suggested that would 
lead to a solution of the sewage question, but as 
the report of Colonel Cox is in many respects en- 
tirely at variance with it, nothing but procrastination 
can result. We were promised a Rivers Pollution 
Bill during the present session, but its delay may be 
properly justified on the ground of the — ust 
presented. Practically we are just as far off settling 
the matter as we were twenty years ago, and shall 
remain so as long as conflicting private interests are 
allowed to outweigh considerations of public good. 

—_?—————- 





IRON AND STEEL FOR SHIP- 
BUILDING. 

Among the paj read at the recent meetings of 
the Institution of Naval Architects, were two bearing 
on thesubject of this article, which attracted consider- 
able attention, and which deserve further notice. 
These are (1) a mae ** On Steel for Shipbuilding 
as supplied to the Royal Navy,” by Mr. James Riley, 
manager of the Landore Siemens Steel Works ; and 
(2) & paper entitled ‘‘ Tested Iron and Tested Ship,” 
by Mr. James E. Scott, shipbuilder, of Greenock. 

Mr. Riley’s paper esses to be a reply to a 
taunt thrown by Mr. by last year at the steel 
manufacturers, that they had not as yet shown them- 
selves —. of producing steel in large quantities 
sufficiently ductile, uniform, and reliable, to render 
it fit for shipbuilding ;purposes. Mr. Barnaby’s 
words were defiant, a at the same time un- 
guarded, so that while they irritated steelmakers, 
they left ‘an opening against himself which was 
soon taken advan of, and he found himself for 
some time the object of considerable abuse and 
misrepresentation. 

The controversy which Mr. Barnaby started, 
however, appears to have borne good fruit. The 
Landore steel, described by Mr. Riley, certainly 
possesses qualities for shipbuilding purposes far 
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surpassing anything known to shipbuilders twelve 
months ago; and from the douailin which took 
place on Mr. Riley’s paper, it appeared that the 
advocates of Bessemer and other descriptions of 
steel claim also to have made great strides since last 
year in steelmaking, and they wish to be judged by 
the quality of material they can produce now, not 
by wha: ihey cou'd do twelve months ago. 

This Landore steel is being used in the con- 
struction of two very fast armed despatch vessels, 
the Iris and the Mercury, now building for the 
Government in Pembroke Dockyard, and there can 
be no question that it is admirably suited for that 

urpose. The tests which the Admiralty require 
the material to undergo are of the most severe de- 
scription, as will be seen from the brief account of 
them given hereafter. The chief characteristics of 
the material as described by Mr. Riley, and those 
which give it its especial value for shipbuilding 
purposes, are its extreme ductility when cold, its 
ability to stand punching without appreciable loss 
of strength between the rivet holes; its not re- 
quiring to be annealed after shearing or punching ; 
its having a smoother surface than iron ; its being 
capable of being easily forged and worked hot; its 
uniformity of quality being absolutely insured ; and 
its strength across being equal to its strength along 
the grain. 

The writer of the paper does not claim that the 
hot .forge tests to which the Landore steel is sub- 
jected by the Government officials, could not be 
satisfied by ordinary Bessemer steel, but he claims 
for it a great superiority over Bessemer steel in the 
cold tests, and in uniformity of quality. Those cold 
tests consist of flattening out pieces of angle bar 
with two blows of a steam hammer, doubling them up 
close by the same means, bending over corners an 
beating them flat with a steam hammer, tying up 
square bars into close knots, while pieces of plate 
are doubled close up fourfold, strips of plate twisted 
into spiral forms, and various other devices for 
producing contortion, are resorted to. The follow- 
ing are among the most striking results : 

‘15, A piece of plate 3 ft, by 3 ft. by 4 in., had 
an iron block placed under each corner, 9 in. from 
the edge, and an iron ball, weighing 1291 lb., was 
dropped on the centre from a height of 30 ft. Bent, 
as shown, without a fracture.” 

“0. A piece of ; in. plate, rested during op 
ment upon a perfectly horizontal surface of an 
annular iron anvil; a central circular “portion of 
the plate 12 in. in diameter being unsupported. 
The anvil was firmly embedded in the ground, A 
charge of 18 oz. of compressed gun-cotton was 
suspended over the centre of the plate, an air 
space of 3 in. intervening between the upper sur- 
face of the plate and the base of the charge. 
The charge was exploded by detonation.” The result 
being that the plate was dished down to the extent 
of 1} in., but with no sign of fracture. 

“21. A piece of plate}, in. thick, supported on 
anvil as above. Charge of gun-cotton 10 oz., and 
3 in. diameter, placed upon the upper surface of 
the plate in a central position, and exploded by de- 
tonation.” The result being that a hole 1} in. in 
diameter was made in the centre of the plate, and 
that for 3 in. all round this hole, the plate is beauti- 
fully cupped or countersunk, as if it had been done 
by a cutting tool. There were no lateral fractures 
in the plate. 

There can be no question that these are terribly 
severe tests, and we are not surprised to hear that 
Best Best iron when similarly tested was fractured, 
and in one case No. 20 ‘almost shattered to 
pieces,” 

The Admiralty conditions for the ‘‘ tempering” 
test are, that after being heated to a “ cherry red” 
colour, and plunged into water at a temperature of 
82 deg. Fahr., it shall bend without fracture until 
the radius of the inner curve equals not more than 
1} times the thickness of the strip. In tensile 
strength the steel must not exceed 30 tons, nor be 
less than 26 tons on the square inch, and before 
fracture there must be an elongation of not less 
than 20 per cent, on 8 in. of its original length, 

The most remarkable point aboutthis steel is how- 
ever the fact to which we have before alluded, that 
punching produces scarcely any injury to the ma- 
terial in the region of the hole, and that annealing 
the plates and angles after unching and shearing 
is not necessary. Without this quality—which has 
not, we believe, been hitherto obtained—steel can- 
not possibly wien egwre among shipbuilders, for 
annealing cannot be trusted to in an ordi ship- 
building yard. ae 





We have then in this Landore steel a material 
admirably fitted for shipbuilding purposes. 
Stronger than iron by from about 25 to 30 per cent., 
and equal in ductility to iron of the highest quality ; 
and those responsible for the construction of the 
Navy deserve credit for adopting it and 86 encourag- 
ing its manufacture. Whether itis likely soon to 
make its way into the construction of ships for the 
mercantile marine is quite another matter. It de- 
pends entirely upon the question of cost. The con- 
ditions for a merchant ship differ essentially from 
those of the Royal Navy, although itis often said 
that in the matter of keeping down cost the same 
ideas prevail. 

A — builds the ship which he believe will 
return him the best profits, and unless it can be 
shown that steel ships are a better investment than 
iron ones, he will stick to iron ships in spite of all 
theoretical arguments as to the desirability of com- 
bining lightness with strength, or of attaining to a 
higher de; of structural excellence, For instance, 
let us take the case of a man who is about to 
build a 1500-ton sailing ship of iron in the usual 
way, and according to market prices. We may take 
it that such a vessel would have 750 tons of iron in 
her hull, which would cost the builder on the avera 
about 8/. per ton weight, or, say, about 6000/7. The 
vessel with equipment and all complete would cost, 
say, 16/, per ton of tonnage, or about 24,000/.; and 
it may be taken that she would carry a cargo of 
2250 tons. 

Weare not aware of the price paid by the Go- 
vernment for this Landore steel, but judging from 
the price of other high quality steel in the market, 
we presume it is not much under 24/. per ton. 
Again, we are not aware of the exact amount of re- 
duction allowed in the scantlings of the Iris and 
Mercury on account of the material being steel 
instead of iron, but we presume it cannot be far 
from 25 per cent., because although the excess of 
the tensile strength of the steel over iron is con- 
siderably more than this, yet in rigidity the thicker 
iron plates would have some advantage. 

Taking these figures, the weight of material in 
the vessel if built of steel would be about 560 tons 
at 24/., or 13,440/., or 7440/. more than in the iron 
ship, and adding this to 24,000/. we should have 
the cost of the steel ship about 31,440/., and she 
would carry about 2440 tons of dead weight. From 
this it will be seen that whereas the cost of the steel 
ship is about one-third more than that of the iron 
ship, the carrying capacity is only about one-eleventh 
more, 

Or, put in another way, if an owner only intends 
expending, say, 24,000/. on his ship, and has to 
choose between an iron and a steel one, he has to 
decide between a 1500-ton iron ship and a steel one 
of about a fourth or fifth less tonnage, say, a 1200- 
ton ship; and it will be found that whereas the 
1500-ton iron ship could carry a dead-weight cargo 
of about 2250 tons, the steel ship of 1200 tons 
burden could not carry more than 1950 tons dead 


weight. 

These calculations are extremely rough, and 
leave out many considerations, but they are sufli- 
ciently near the truth to show that steel at 24/. a 
ton cannot possibly compete with iron at 8/. per 
ton in shipbuilding for the mercantile marine. 

With the Royal Navy, however, the matter is 
entirely different, There the comparison lies between 
iron at 12/. or at 14/. per ton, and Landore steel at 
say 20/. or 24/.; and besides this, the problem before 
the Constructors of the Navy is to combine the 
greatest speed on the smallest dimensions in these 
armed despatch vessels, In Parliament and the 
country there is just now an outcry for os, small 
and very fast unarmoured vessels, aud they have to 
be produced as fast and as small as can be, and the 
use of steel makes it possible to do more in this 
direction than has ever been done before. We are 
not for a moment —— to say or imply that the 
Iris and Mercury will not be cheaper vessels in 
construction and cheaper in the end by being built 
of steel than if they had been built of iron on larger 
dimensions to fulfil the same conditions. Doubtless 
the point has been well considered, and the only 
fact on which we wish to insist is that the condi- 
tions of the problem are entirely different in those 
vessels to what they are in the merchant service, so 
far as the desirability of using steel is concerned. 

In comparing the price of iron in the Government 
service, viz., 12/. or 14/. per ton, with the 8/. or so 
per ton paid for iron in the merchant service, it 
must not be supposed that because Government 
iron is nearly twice the price it has therefore twice 


the strength and twice the ductility of merchant 
ship iron. As a matter of fact this extra price paid 
for the Government iron is paid for a comparatively 
slight increase of strength and ductility, combined 
with somewhat more uniformity and a smoother 
surface, In the merchant service a ship built with 
Government iron at Government prices would cost 
too much to enable her to compete with vessels 
equally strong, or at any rate sufficiently strong, 
built of the usual ship plates. 

In this way there is a strong and active influence 
incessantly at work in the mercantile marine, tryin, 
to cut down expense and to get the money’s ok 
for the money, and when kept within proper bounds 
this is a most healthful and desirable tendency. Ship- 
builders say if we can get plates that will stand t9 
or 20 tons per square inch for 8/. per ton, capable of 
bending, punching, shearing, welding, and working 
well, why should we double the price merely to get 
the strength up to 22 tons per square inch, and get 
somewhat more ductility, especially when years of 
experience and thousands of vessels have proved 
that the ordinary quality of iron used as ship plates 
performs its work well and satisfactorily in the con- 
struction of merchant ships. These latter are not 
like fighting ships that have to bear the concussion 
of heavy guns, and where extreme ductility is essen- 
tial to minimise the splinters which fly about every 
time a shot penetrates. Moreover, it is certain that 
if our merchant shipbuilders were to go in asa body 
for using Government iron at Government prices, 
they would, as matters at present stand, simply 
drive the whole iron shipbuilding trade out of the 
country. 

We entirely agree with the remark made by Mr, 
Scott in his paper that the ships now afloat built of 
ordi » Or.common iron, as it is called, have not 
been found bad or inefficient. And as far as our in- 
formation goes, we endorse his statement that ‘there 
is not a single case on record where a vessel came 
to grief through the iron used in her construction 
being bad.” e also agree in much that Mr. Scott 
says as to the difficulties of applying tests which shall 
be at once just and conclusive, although we are 
unable to agree with him in his condemnation of all 
tests, except the mere test of working the iron into 
the ship, as necessarily worthless and misleading. 

He objects to testing iron on the ground that by a 
skilful manipulation almost any iron can be made to 
stand the test. For the same reason it might be 
said that working the iron into the ship is no crite- 
rion, because with ne! of coaxing and skilful 
manipulation, plates could be worked into ships 
which were utterly unfit for shipbuilding. e 
have shown on previous occasions (see ENGINEERING, 
page 343, vol. xix.), that to institute a Govern- 
ment test for iron to be used in ship construction is 
utterly impracticable, but it by no means follows 
that testing in itself is injurious. On the contrary, 
we think that where ships are being built under su- 
pervision, as for instance, for a class at Lloyd's, itis 
absolutely necessary that the surveyors should have 
the power to request that the iron should be spe- 
ciall y tested where they have doubts as to its 
Ema and if they find that their observation of 

ow it works is not sufficient to enable them to de- 
termine whether it should be rejected or not, 





THE INSTITUTION OF CIVIL ENGINEERS, 
Srupents’ Mgerines. 

WE notice this session a marked improvement in the 
papers read by the students of this Institution at the Friday 
evening meetings, and we attribute it in a great measure to 
the considerate decision of the Council “ to award a Miller 
Scholarship, value of 402, and tenable for three years, to 
the author of the best paper, if of sufficient merit and 
importance.” 

Last session no award was made; we believe the Council 
were of opinion that many of the papers, though well 
written, were hardly up to the required standard. Unfor. 
tunately, young men too often content themselves with 
copying, almost verbatim, the writings of others. What is 
sought to be developed here is, that the students should 
give in their papers their own thoughts, their experience, 
and their reasoning; and though these may be crude and 
lack experience or polish, it is much better for a young 
engineer to produce an original composition than to cempile 
a réchauffé. 

As we said, there is a marked improvement, and by way 
of illustration we give a short notice of a paper read on 
Friday, the 7th inst., by Mr. Hurtzig, student, being one, 
among others, of papers of merit read this year. The paper 
in question was “‘On Concrete in Marine Works,” and 
after drawing attention to the antiquity of the use of con- 
crete and of the great impulse it has received in recent | 





times, principally by the confidence acquired through the 
improvement in the quality of Portland cement as its 
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cementing constituent, and arguing therefrom the primary 
importance of its t ity, he pr ded to describe the 
manner in which Portland cement is made ; here the author 
showed he was at home, and that the chemistry of the 
subject was not unfamiliar to him. 

He then described the tests required by the engineer, in 
the best quality, 250 lb. tensile strain on the square inch, 
and 110 lb. weight per bushel, and the mode and apparatus 
adopted, which he illustrated by diagrams. The sand, the 
size and description of stones required, was described, and 
the absolute necessity of their being clean and free from 
clay and vegetable matter was demonstrated. Then fol- 
lowed the method of mixing the proportions of each of the 
materials to be used; the water, which in any case must 
be of the least possible quantity, but whether salt or fresh 
was immaterial, the result being the same so far as the 
strength of the block, salt water requiring only a longer 
time to set the blocks; and finally, the size of the blocks, 
method of shaping them, drying, laying, and building them 
up, and the general manipulation. 

The students were fortunate on this occasion in having 
Sir Joseph Bazalgette to preside, and after the discussion, 
which was interesting, he gave a very lucid and instructive 
summing up, and pointed out the great importance to an 
engineer of a knowledge of concrete, a material now em- 
ployed in all large structures, some of them, in London and 
elsewhere, being wholly constructed of concrete, and de- 
pending on Portland cement for their cohesion. 

While on the subject, we should mention that the present 
high quality and tenacity of Portland cement is in great 
measure due to the intelligent efforts of the manufacturers 
to keep pace with the requirements of Sir J. Bazalgette, 
which he felt necessary to insist on to insure the splendid 
work (splendid in the sense of quality and durability) that 
he has succeeded in getting executed on the metropolitan 
sewage outfall works. 

The meeting closed with a vote of thanks to Sir J. 
Bazalgette, and we venture to suggest to the Council the 
propriety of a selection of some of these student papers for 
printing, that they may be distributed to the members and 
students concurrently with the ordinary “‘ Proceedings” of 
the Institute, which are so ably edited by their secretary. 











BOILER HOUSES AT THE PHILADELPHIA 
EXHIBITION, 

We give this week a two-page engraving representing 
the Corliss boiler house at the Philadelphia Exhibition, 
this house having been erected to contain twenty 70-horse 
power upright Corliss boilers, which will supply steam to 
the pair of large Corliss beam engines erected to drive the 
major part of the machinery in the Machinery Hall. Next 
week we shall publish engravings of the other boiler houses, 
and we shall then describe these buildings, and give some 
particulars of the boilers they contain. 





THE WATER SUPPLY OF IQUIQUE. 
To rus Eprror or ENGINEERING. 
Sir,—In answer to the statement made by Mr. Bush 
in your issue of the 14th inst., I beg to hand for your 
nsal the decree of the Supreme Government of Peru, 
ated Lima, August 25, 1875, and to request you to publish 
the portion which refers to the subject of Mr. Bush’s 
letter. 


Extract from Decree dated 
* Ministry of Government-Direction of Public Works. 
* Lima, August 25, 1875. 

‘* Taking into consideration that by a supreme decree of 
the 29th May, 1872, it was di one million seven 
hundred and forty-eight thousand six hundred and seventy- 
four soles, which the work for supplying drinking water to 
the City of Iquique requires, and which was adjudicated on 
bidding to n Federico Torrico on the seventeenth of 
April of the same year, should be taken provisionally, and 
with charge of repayment from the only possible source, 
which was the funds of the loan authorised for application 
to railways and works of irrigation by. law of the 24th 
January, 1871. 2ndly. That this essential condition of the 
contract has proved to be of impossible realisation, because 
the unforeseen difficulties which the ing of that loan has 
offered, and its scanty yield, have a! tely hindered the 
withdrawing of those funds insufficient even for the rail- 
ways which were expressly appropriated by the law. Srdly. 
That the supreme decree of the 3rd January, 1872, 
whereby Torrico was authorised to make the studies for 
providing Iquique with water, lays down in its third condi- 
tion that in case the Government should not deem it desir- 
able to effect the works in question, it would pay nothing 
for the said studies, it is d that the said contract has 
lapsed on account of the funds that the said work requires 
not existing, which I transcribe for your lordship by order 
of the Senor Minister for your information and further 
obj preserve your lordship. Narctso ALarza.”’ 
he present concern has no relation whatever either in the 
sources of the water, technical design, or mode of working 
with any previous scheme before attempted. 

I have received, upon ingairy, replies both from the 
chairman, Iquique and La Noria Railway, and from the 
trustees of that railway, that Mr. Bush's two letters were 
wl or pe wee ow i i= without their autho- 
rity. or perusal etters. 

on ir, your obedient servant, 

G. Frrzroy Core. 
76, Lansdowne-place, Brighton, April 19, 1876. 
(Mr. Cole has forwarded for our inspection the documents 
ar mm meg The discussion must now close. 


NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

Iron Market.—The warrant market was 
ednesday forenoon, with business at 58s. 6d. 
to 58s. 74d., ing to 58s. 6d., at which buyers remained, 
sellers very near. the afternoon the market was idle, 
no business bei geome ; sellers quoted at 58s. 7}d., and 
buyers at 58s. 6d. Messrs. William Baird and Co. an- 
nounced a reduction of 6d. per ton on all their Gartsherrie 
and Eglinton brands. On Thursday forenoon the market 
was again easier, and a fair amount of business was done 
at 58s. 3d. to 58s. 6d. cash, closing with sellers at the latter 
price, buyers offering 58s. 44d. ‘There was no business re- 
ported in the afternoon, and the nominal closing prices 
were, sellers 58s. 6d., bnyers 58s. 44d. cash. No market 
was held either on Friday or Monday, and when business 
was resumed on Tuesday the market was quite listless, no 
business whatever being reported during the forenoon. At 
the close sellers asked 58s. 6d. cash, and 58s. 4}d. fourteen 
days fixed, buyers offering 58s. 3d. cash. The market con- 
tinued quiet in the afternoon, and a small amount of busi- 
ness was done at 58s. 44d. cash, closing sellers over, buyers 
58s. 3d. A fair amount of business was done this forenoon, 
and the market was steady, the prices being 58s. 3d. to 
58s. 4}d. cash, and 58s. 44d. one month open, closing 
sellers 58s. 43d. prompt cash, buyers very near. The 
market was idle in the afternoon and there was no varia- 
tion from the forenoon prices. The price of Coltness No. 1 
was reduced by the makers yesterday afternoon ls. per 
ton, and the price of Langloan has been reduced the same 
amount to-day. Last week’s shipments amounted to 
11,366 tons as against 14,853 tens in the corresponding 
week of last year. 

““G.M.B.” Tron. — As the use of the mystic letters 
“G.M.B.,”’ applied to Scotch pig iron, has given rise to 
some curiosity, may mention that they simply mean, 
‘*good merchantable brands.”’ Of course, there are also 
the special brands, those which always sell at higher 
prices than the general bulk of the iron known as “G.M.B.” 
They include such brands as Gartsherrie, Coltness, 
Langloan, Shotts, Summerlee, aud Glengarnock. At one 
time G.M.B. iron did not include the Ayrshire and east 
country brands, as they were not deemed good enough to 

© into store as warrants; but some of them have since 

een improved in quality, and have been admitted into the 
select society,”’ if I may so call it, of those to which the 
mystic letters lave long been applied. 

New Harbour at Newhaven.—The foundation stone of a 
new harbour for Newhaven was laid with masonic cere- 
monial by Mr. D. R. Macgregor, M.P., on Saturday after- 
noon. The estimated cost of the harbour is 10,000/. It is 
to be erected by the Leith Dock Commissioners, under 
whose jurisdiction Newhaven is now situated. The work 
they have undertaken includes the construction of a break- 
water 540 ft. long to the west of the pier, and the extension 
of the outer arm of the pier westwards by 100ft. The 
breakwater will be built of concrete, and will have a height 
above high-water mark of 5ft., its av depth to the 
foundation on which it rests being 14ft.6in. It will be 
12 ft. in width, and as boats will be able to discharge their 
ca alongside, the accommodation at present available 
in the harbour for this purpose will be about doubled. 


Glasgow Pi 
flat again last 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Great Strikes of Miners.—There is now an open 
rupture between the colliery proprietors and miners of the 
South Yorkshire and North Derbyshire districts; the 
masters having declined to submit to arbitration or to re- 
sume operations unless the men agree to the full reduction 
of 15 per cent. The men refuse to assent to any drop of 
more than 7} per cent., and express their determination to 
stand out to the uttermost. They have also determined to 
appeal for pecuniary assistance to the National Miners’ As- 
sociation, and to work their Shirland Colli three shifts 
instead of one, as at present, whereby 700 additional hands 
will be found work. More than three-fourths of the 
whole number of collieries are laid off, there being, it is es- 
timated, over 25,000 men thus thrown idle. There appears 
to be no prospect whatever of an early settlement of the 
dispute, both sides being firm. 

The Ovenden Water Supply.— The corporation of 
Halifax have agreed to supply the Local Board district 
of Ovenden with 50,000 ns per day as a minimum and 
120,000 gallons as a maximum quantity, at 10d. per 1000 
gallons, subject to the corporation obtaining powers to lay 
—_ pipes from the Fly reservoir to a tank at Rouill’s 


The Sheffield United Gas Light Company.—The report 
of this company shows that the profits for the half-year 
have been 22,725l., out of which 10 per cent. dividend is 
paid on A and B stock and 7} per cent. on C stock and the 
new ordinary shares. The price of gas will be lowered to 
3s. per 1000 on July Ist next. The village of Oughtibridge 
is now being or with gas at the same price as that 
charged in Sheffield. 

The Coal Trafic by Railway to London.—During March 
there was a considerable falling off in the railway coal 
traffic to London. The Midland carried 144,797 tons, 
London and North Western 89,340 tons, Great Northern 
63,925, and Great Eastern 60,964 tons. There was a great 
decline in the consignments of South Yorkshire coal, owing 
to the ch rates by rail from Derbyshire, and by sea 
from Northumberland and Durham. At present hardly 
any coal is being sent, owing to the strike. 


Locomotives In Saxony.—The administration of the 








Saxon State Railway has let contracts for the supply of 
twelye passenger engines and four goods engines. 





NOTES FROM THE. SOUTH-WEST. 

Bridgewater Water Supply.—The corporation of Bri 
water has had this subject under consideration again a 
discussion took place respecting the advisability of applying 
for an Act of Parliament, or obtaining a provisiona! order 
from the Local Government Board requiring the council to 
proceed with the work forthwith. The members of the 
corporation are almost unanimously in favour of the neces- 
sity of this, but there are many of the ratepayers who, 
content with their own supply, derived from wells, and re- 
gardless of the impurity of the water upon which many of 
their neighbours are known to be dependent, are opposed 
to any large expenditure, and are likely to oppose an Act 
of Parliament. Ultimately a committee was appointed to 
consider and bring up a report men the subject, a sugges- 
tion being made that they should consult Mr. Hawkesley, 
the engineer employed. 

Brendon Hills.—An exodus is going on here amongst the 
miners of iron ore in the employ of the Ebbw Vale Company, 
in consequence of a reduction of wages, amounting to as 
much as 20 per cent. We understand that the company, 
besides reducing wages, are shortening their staff of 
clerks. 

Sewers at Cardif{—The tender of Messrs. Day and Son, 
contractors, Cardiff, for the sum of 60001. for the construc. 
tion of a western extension sewer to join a new sewer from 
Grange Town to the western district of Cardiff and the south 
part of Canton, has been accepted. 


The Ironworkers’ Association.—A delegate maras of 
all the ironworkers in Monmouthshire and South Wales 
was held at Newportafew dayssinee. The meeting, which 
had been convened by the men themselves, was unanimously 
in favour of using every effort to secure the continuation 
of the services of an agent for South Wales and Mon- 
mouthshire. Nearly all the delegates expressed themselves 
very warmly in praise of the present agent. 

Bristol Tramways.—The directors of the Bristol Tram- 
ways Company (Limited) have determined to issue the un- 
allotted shares to the present holders at par, in the propor- 
tion as nearly as ible, of two new shares to every three 
now held. As the allotments have been ly sold at 
30s. each, this is a handsome bonus to the -holders of the 
original shares. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was only 
a thin attendance on ’Change at Middlesbrough, but as a 
—— holiday was observed on Teesside, a larger atten- 

lance was not expected. There was very little business 

transacted. The quotations for pig iron were similar to 
those of last week when the quarterly meeting was held, 
No. 3 Cleveland pig standing at 48s. 6d. per ton. Owing 
to some of the furnaces being off for repairs this quality 
for immediate shipment is rather scarcer, a trifle more 
= could be had this week as compared with last 
week. 

The Finished Iron Trade.—The eg of the finished 
iron trade is worse than it was a month ago. The works 
which are in operation are very rapidly executing their 
contracts and no new orders are coming to 
number of ironworkers are out of employment, and it is 
feared that this number will in the course of a few weeks 
be very considerably increased. 

The Wages Question.—It will be recollected that three 
months ago the wages of the ironworkers of the North of 
England were redaced 7} per cent. The time for which 
the men accepted that reduction under arbitration has 
expired, and the question is again under consideration. In 
the present prostrate condition of the finished iron trade 
the men cannot hope for an advance. 

Engineering and Shipbuwilding.—Within the past ten 
days there have been several launches of steamers on the 
northern rivers, but there is nothing connected with ship- 
building requiring special mention. In many of the engi- 
neering shops there is a good deal of marine work, but at 
some factories there is exceedingly little doing. 

The Coal and Coke Trades.—In Durham several collieries 
are entirely idle, and a large number of pitmen are out of 
work. Until there is a general revival in the iron trade 
there will be very little improvement in the demand for 
fuel. Coal and coke can now be bought at prices which 
nobody would havejbelieved possible a year ago. 

Cleveland Institution of Engineers.—The sixth mcating 
of the session was held on the evening of Monday, Apri 
10, in the a office of Messrs. Head, Wrightson, and 
Company, South Stockton, Mr. Thomas Wrightson, Pre- 
sident, in the chair. The p ings began with a discus- 
sion on ‘‘ Head’s Patent Prime Mower,”’ bolas the peper 
read at last meeting by Mr. Jeremiah Head, Mem. I. C.E., 
Middlesbrough. After a keen criticism of the engine and 
its ities by Messrs. J. W. Willans, Whi 

The Pre: 
The Pre- 


, E- Brook, and F, Williams, Mr. Head 

detail ey eanine the rationale of its points. > 
sident then delivered an elaborate address on the *‘ Appli- 
cation of Mechanical Principles to the Phenomena of 
Sound,’’ showing by many beautiful and highly successful 
experiments that sound was by mechanical laws 
as definitely and as rigidly as any of those of 
physics which are supposed to come more within the range 
of the civil or the mechanical engineer. .The reasoning 
adduced both to the eye and to the ear was considered 

the audience quite conclusive as evidencé by the frequen’ 
demonstrations of approval through the entire 
the address. At the close Mr. Whitwell proposed 
Se fe ee which was 
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METALS, 
z 8. £ 

ANTIMONY ORE (perton)— 14 © 15 

Regulus... ...... 64 oO 65 
BRA8ss (per lb.) - 8, d, 8. 

ShGots,48X 24 ..rcccereene 9 10 ° 

Yellow metal wocorsecce 9 J} 0 
Caseaes, Tras AND OLEVELAND, 

(per ton) € s. £ 
Girders 6 o 1 
Chairs 3 10 4 
Pipes ... 5 1s i) 

COPPER (per ton)— 
Chili DAS .....0008.c0-00-00-08 78 © 79 
° 34 
° 84 
° 84 
° g2 
o 93 
1R0N ORES (per ton) a ¢ 8. 
Red hematite, British es .¢ 16 
puddling 20 o 23 
[non Pie (per +. 
Cleveland No. 1 $30 © 
” ” 2 $2 ° oo 
” ” Z 4 Oo 49 
47 6 48 
Other entlie om 42 ~«0 47 
Welsh (South Wales 42 «0 84 
» (North Wales)... 62 o 80 
No. 1. No. 

Scotch Pig— a @& « 
G.m.b., at Glasgow... 59 6 58 
Gartshersic ....0.00c00008 97 6 $9 
Coltness,......06 69 o 60 
Summerlee 60 6 59 
Langloan ...... 067 6 59 
Carmbroe ..,.44 --sserserersee 63 6 59 
Monkland 60 Oo 59 
Clyde... 60 o 59 
Govan, at “Broomiciaw... - 6 o 59 
Calder, at Port Dundas... 7o 0 60 
Glengarnock, at Ar- 

pe ee 66 6 60 
Eglinton, ditto $9 0° 58 
Dalmellington, ditto... s9 oo §8 
Carron, at Grangemouth 62 6 — 
Ditto, specially selected 69 o — 
Shotts, at Leith ......0... 69 0 61 
Kinneil, at Bo'ness 62 6 59 

(The above all deliverable y en 
s. da 8. 
—— eee eens snneetee o 6110 

North Staffordshire 62 oo Jo 
South 60 °o 90 
Yorkshire Thornaby vig. 60 0 65 
Ridsdale Nos,land?2?.,, 110 oO 115 

” Nos.3and4,,, 99 © 100 
Inon, WRoucHT— £ 8. £ 
Cleveland angles... 6 10 7 
® boiler plates... 8 10 9 

»  Bshipplates....., 7 1 868 
SHECtS......00 9 0° 10 

Scotch bars ........... anc F f£ 8 
nail TOS .....000040 8 10 G 
Staffordshire do... a § 9 
” plates .. eee 10 © 12 

” boiler ...,.. 1% 10 12 

hoo ee peoese 10 (0 11 

Welsh rails, 8.W. 60 6 

o 2 « 6 10 6 

» boiler plates, S Ww. 13.0 +«#113 

» hoops, SW. su. 9 10 I 

LEAD (per tou) — 
Soft English pig ........ 20 9 2% 

” ” 22 #10 22 
Other brands.,, a «6S a1 
Sheet .. eee essesee 22 TO 23 

PuosPuon BRonzE— 

(per ton) esos 1200 «1458 
QUICKSILVER (per ‘pottle) 10 «60 10 
SckAP (per ton) -- 

Uld rails for re-manu- 

FACtUTe .......creceee ereeeee 40 5 

Old steel scrap............+0 5 0 6 
SPELTER (per ton) — 

Silesian, common .,,...... « 23 15 24 

Rhenish..,, iit . ae 0° 

English .,, co Oo © 
SPIKGELEISEN (per ' ton)— 

BOG <.ccocsersecgncce-conse coeee 6 © 6 

Common ....cc.ceree-e0e on § O 5 
STEEL (per ton) — 

Best vast .........000 sseresvee 34 =O so 

» double shear ....... 45 ©@ 65 

» Single ,, 32 © so 
English spring 14 © 22 
Blister sec.soscscse-cocseccesee 08 © C) 
NT cescetsiniisamesesiees Gn Oe ge 
B rails 8 10 10 

” t * ceveeree TS § I 
” BXIES ..,.creeee0 me .4:..3 
nm ——Dillets seve o 610 
” RB nconscsseses 3 ° 9 
SWEDISH IRON (F.0.b.) at 
tenburg— 
leit TEE wcccssccnn § 30 6 
Bar rolled........, a 64, 20 15 
» hammered...,.ccoseee 15 10 16 
Tw "(per ton) — 
see rensenreess 10) 6492 
Billinwn cecceereecee ° 0° 
snosce +00 ceteee ° 84 
Ee ae o 698 
nee ceseseoereees: o oo 
English refined,” cihabiaaninnee ° 679 
<< 73 O 92 
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bast quae (per pone -- e @ a @ 

O. charcoal .........000.0 26 © go 60° 

co 0 © oO 

0 09 © °o 

20 0 33 «© 

LX. ‘ittmms 2 © 1a "s 

ZINC (per ton)— & 6 z 8 

Sheets, an yl oncieven 99 OO 5 $8.0 

oo . a = ° co 60 

Wrz, Fencing 10 616 10 

» Telegraph (gaivan’ sd) 8 5 22 10 

COALS AND COS 

a. 8. 4, 

os o 13 «0 

owe 12 6 

hire . 10 0 12 0 

Newosstie and Darham s = © 12 0 

7 6 12 6 

Statfordshire ercccercccevee 9 6 19 6 

° 13 6 

Yor! ecccccseccccccccccsn 9 § 33 6 
CoKkE— 

Cleveland ..,...0.0100000000 08 © ©8 © 
Dar! sbscanecetbecccberences 88 © (86 © 
OILS, GREASE, & LUBRICATORS. 
OULs (per 4 dione & & ji & 
Seal, bi .. o 39 «0 

10 «635 «(0 
° © oOo 
10) «635:«(O 
o 34 © 
o 30 0 
GLUE... ie Ge ee a ae ie 
PETROLEUM— sd Bs. d 
Fine (perf Ballon) sereoeee © ret o 11 
oe SPlrHs... ....cccccorcote © 8$ © 8h 
—~ — owt)— 
ececsvccocccccs 8 © 8 6 
i ecers-concce 13 OO 12 6 
PLumBaGo (per “cw. = 
Ceylon ae ecccsecccssecce 36 © 44 #«0 
hi 9 6 15 0° 
8 o 9 6 
$s 0 7 0 
Raltway GREasE (per 
CWt.)—R08C'S ...cccecee0e 38 © C8 © 
Resin ( r ewt.)— 
American ..,........ rr a 140 
TALLOW (per cwt.) 
8. ne beef ..c..0.00 43 © 43 6 
OOP sesccoree 42 6 43 «0 
° 41 6 
6 43 #0 
° 48 #0 
° 43 «6 
Rough, ‘Engl 9 I 0 
Toarantine —Spirii 
French ........0.0000 ° eco 60 
American (casks) ........ ° 23 (6 
bay 7 =~ nea tahoe 233 0 © oO 
19 6 20 0 
wanmentagias. cecceeees see 20 0 35 O 
CEM, >. 
AcIps— 8. s. d, 
Pa uafortis (per lb.) .... © r °° 
phuric acid rib)... O of ae | 
Sulphuric acid, brown .. o of o (Of 
AMMONIA — Muriate (per £ 8 £& 8, 
BOM)....0c ccccescccccesees maw & *O 3s 0° 
ARSENIO— 8. d. s. ¢. 
White, lump (per cwt.)... 27 6 28 Oo 
Powdered (percwt.) ... 12 © so 3 
BLEACHING powder percwt. 7 9 8 o 
Borax—refined (percwt.) §3 0 co 68 
BRIMSTONE (per ton)— £ & £ 8. 
Rough 6 13 6 15 
12 10 14 0 
10 ° 10 
8. 4d, 8. é 
6 6 & 6 
) o 6 244 =«0 
Leap, Baits, “&, (per 
o 64° :«(O 
° © © 
6 25 0 
10 639 (oo 
2S 
44 Oo 
. ad 
° 23 «6 
y ° 1% 00 
—- ° 18 6 
Sopa Caustic . cccccescoveeseesse I$ = § 14 0 
TIMBER, DEALS, &c. 
LONDON 
(Per Petersburg standard) £ s,d. £8, 4. 
Archangel lst pom: ‘ceeses 1§ $ © 1610 0 
eed 9  deeces 120°0%m300 
Petersburg . sosccccsecsoorss BY § O 8 OC OC 
seves--sees IE 10 © 12310 © 
Miu Se ‘and 
GED ccaktbthiatiinie ~ 910 0 15 § Oo 
Christiana deais, st 
sorts, yell. and white... 19 © © 1410 0 
Norway deals, other 
orwa: 80) 735 0 °° 
Swedish deals mixed 12 0 0 8 °° 

















£84 £84 FRoM THE BALTI0, &0. | 
a mts O26 Be - 
° a ~— le s (Per cubic foot string 
and 4th 2 eesseer 9 © © 1010 0 Fir measure) £e4 £ 6.4, 
nS sie icae tsa oe Pern, ¢ * 4 org 
AusRicat D Memel cro es ees 
MERICAN DEALS— soepnose 
hoe las height pine ... a1 0 © 3g 15 © zeae ditto, ot otherkinds o 1 2 oO 1 9 
* ~ we 19 © 0 1815 © a, Ome, whitewood o 1 rt OF 2 | 
20 Hy g10 0 1110 0 Ste S33 8826 | 
ra Ist floated pine... 19 © © 3315 © em. o10e og 
” ” we 12 0 © 1415 © orway., oom ort 
“ - 9 § © 11 © © | WAINSCOT (oes / 
ss. a ooese wo © 01300 j 
New Brunswick spruce... 8 oo F °° Biga, £0. CrOWD veo. -0°63 06 9 
N. 8. & P. E, Isle spruce 3 °° 12 6 BLO DFACK sscserreereere © § 9 Of Q 
aw: 8. p pitch ey oo 4 0 © a 029 ©30 . 
MERICAN TIMBER— (per eeeeee } 
Red pine a gps Pit rops per lineal yard e©o af 0 oO 4 | 
pouila , $10 © ¢ co D HUMDET......0000008 © OO O F O 
‘or yards and spars 4 10 0 10 0 BALS— | 
Yellow pine, large........ § 10 0 610 0 eu Petersburg standard) 
waney board $10 0 610 0 eens and | 
~ 310 © 316 0 oS BE cercoescevcoree 1$ 20 © 29° 0 0 
ee ? e° to, esos 12 0 0 14 0 0 / 
410 0 10 © w gi hee oe | 
w 4100 600 ” and it § © 13 0 © 
e Wyb burg 1st eso > 10 © II 10 « 
» f°? Ss ie Uleaborg mo oomuw8e @o 
412 °° ” meanee 
oo 6 oO ” w- II 09 0 14 9 8 
3 ‘ss ad : pes Momet esocrsese 10 § OC 11.9 0 
$01 00 ” + hota nan 8oe0o0 wo Oo 
. 1010 © 1310 © WHI weevesseoree J 10 O FIZ 0 
HEATE.....000s00000 8 0 0 9 0 0 Petersburg, 
patie hoa ce 710 © 10 0 0 eeaeees “ = 2 E fo . 
ALTIC TIMBER (per 4s ee 
Riga fir ‘perl 53 ij $100 450 Swedish and Norway ... 710 ©. gi10 0 
Dantzicand Memelcrown 40°00 g10 0 MAHOGANY, &c. (per foot 1 in.) 
» Ast mid woe 310 0 410 0 City St. Domingo ,,...,...0 © ®,8 8 
* mi OUD sersseresseseeees ° i oo 9 
and 2nd,....... 9 © 0 400 BADICU sesecssecreessorsrrenree © O § OO 7 
» common  mid- Cedar, Hava: see © © 4400 § 
GliNG.......0.0.00.. 218 © § 0 0 Sleepers, Roommates, each 
® undersized ..... 213 0 215 °0 9x10x5 0 36040 
” small, short nd ” " © 30 © g 6 
irre, wee seccetseseees 3 § GO 310 © » Hemlock ,, 023 03 6 
Stettin 3°00 3100 ” sree 8 3 9 0 § F 
8 210 © 3215 0 
” seapgccoceaces S SS BUg © HULL. 
. end Norway  ... load). 
balls ....... 220 31g © mel crown fir timber 4 7 6 § © © 
FLOORING BOARDS ‘(per aq. 2nd 310 0 400 
of 1 in.)— Riga and Dantzio and o $100 400 
First yellow.......c000 100 014 6 O1f 6 % » Btw. 4¢7 6 § 0 © 
» white ..,.... : . ° Swedish $3 °° 3100 
Second qualities o12 » seseasseceverss 210 0 3123 6 
The above prices * “at “ne Docks.” TUMDEL...00000000008 2 79 6 210 0 
(Per cubic foot). | 
LIVERPOOL. bec oak ©3210 030 
WHOLESALE Prices OF TIMBER, DEALS, £0. . oes 834 
FROM BRITISH NORTH AMERICA. ” ose ae : 
Ping TIMBER (per cubic John’s b w 
footstring measure) <£ 8. d. £ 8, d. Gh Poonam - a, 
Quebec yellow square ., © 1 9 o 2 6 Bost An. a. ane red 16 10 © 14710 © | 
Waneyboard... o 2 3 o 32 8 urged see as | 
St. John's, N. B.18in.; © 2 4 0 3 6 oa pe [on =e | 
Miramichi and _ British © 9% © 
Chaleur ..,..000000 eee» O FT 9 O FTO ° oe 
Richibucto ....... ore 2 -@ 9 © 1610 © 
Nova Scotia and Prince o mim io i 
ot. 6 eB / 
or7 o21m cam? | 
o30 0 / 
~ ays : H pee ca . | 
S23 $f 2 | otron toe mnoerse pe cesanea fe eat, de, | 
Wabe wsat ges. io Oo 28 Oo Sen » = " / 
OFY, Quebec........000 °o 32 o 23 8 W. TLEPOO j 
Walast, Sanedien and : (Per Pre ieese &. 
ctet8Onceese °o 4 ° 6 
Biveh, "St John's N.B, o 1 . ° &. DANTZIO CrOWN fiF....s0000008 © 4401 6 | 
©1903 3 »  goodmiddiing.. o 1 3 ot g | 
bs _ aero and common ditto... o 1 2 © o o 
Prince Edward Island o 1 6 © 3 © we ee | 
Masts, yellow pine, lst rsleepers,9ft,10x5 276 2100 | 
GUE Eeticuncnd © 9.6 © 39 6 Ce Remans anne) | 
Masts, red pine ....... ae eee te he yburg, 1st red 1210 © 13:0 © | 
DEALS AND BATTENS (per 12 6 111g 0 j 
Petersburg standard). $2 OF@ © | 
Quebec yellow pine, Ist... 21 © 0 24 0 0 = a Se 
0 a0 Ate 6 6.6.0 fo 4 © 
ps be ~ 10 0 0 11 0 Oo ie SP LO 
1) SDEUCE ss ssssseee 826 8 7 6 96 9 8 
New Bruns. and Maine § @ 10 7 6 
United States spruce 717 6 8 2 6 §° 9m 0 
Ditto, ditto, Istpine 9 2 6 $0 3 ¢ eee 
Ditto, ditto, aad, 8 5 0 815 0 oo % 2 6 
Ditto, ditto, ard , 7 § 0 4710 0 seu 
Nova Scotia, &., spruce 710 6 8 0 o 5 ee 
aa » Pine... 715 © 8 OO ©. 0): Re 
Boards, pine,.,...00000 8 © 0 9 0 0 rd . a6 a s . 
From THE Unrrep Status, East AND Wast | Charge ‘for labour 2s.'per standard f for deals, de, } 
INDIES, AND AFRICA. and ls 6d, yer loed for timber. iy 
(Per cubic foot, string WISBEAOH. : 
measure) £84. £ 8.4. ha ) | 
Sevannah pitch pine... © 1 4h © 1 eI te te ae eee ! 
Charleston ,, mm © 8 6 o1 boards,,, 12 § © 12 7 6 
Ponsacola on © 2.802 9 Memel 2nd red deals.,,... 1210 © 0 0 o 
United States oak | ~@s6 @©§$ 3 » 6 a sore IETS 0 0 0 O 
(Per cubic foot per » 8rd red boards... 1015 © © © © 
measure Gefle Sad 006 ON 1210 © 121g © 
African oak logs...,..0..5 03 0 © 3 6 toes IE IS 0 12 00 
East Indian teak ......... 0 4 7 0 410 ithitin ele ae ee 
Greenheart ..,.....000 .. © 3 0 © 3 6 ” 1017 6 11 Oo oO 
Black Morra.., .. om @S § © 30 ” 3rdred boards 11 oo 13 6 
Bullet tree ..,..,.c000000 0 2 09 8 2 6 Free on railway trucks. 
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STEEL In France.—The production of steel increased in 
eee Sa 21,000 tons, as compared 


with 1874 
in 





the Institution of 


was attributed | Board of South Australia. 


for his new appointment by Sir 





London for 


Mr. Hickson, C.E.—Mr. R. Hickson, C.E., a member of 
of Civil has left’ 


however, more feeble. than Adelaide to assume the duties of engineer to the Marine 
any preceding twelve months, and it . Hickson 
almost exclusively to the increased use of sted sella. 


was recommended 
J. Coode. 
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PUMPING AND VENTILATING ARRANGEMENTS ON SHIPBOARD. 











































































































one ——_— - —_ 




















































































































HLL 




















a8 








fa ge ce | es ee Se ee ps ss 









































HHH 
UHHH 
















































































327 


i 
3 sy a 
he hee 1B y us if iti 
fal 


yes if i 


igh 
ana 





ill 
i I : 

















pal 
. HO mo: eS me vi 
is paper, it @ ider- " of the 
* se ei dealt 
Paper read before the Institution of Naval Architects. 












































































328 BMGINEERING, [ApaiL 21, 1876. 
briefly enumerate them, and then indicate the departures tity of water to the engine partment to indicated horse power the engine, and i 
} ey oman have been made in ie af ace oe. In coin, toad, to wes he covew is disconnected a ton o wale per aioe for oy 


Russia. 
An bottom is fitted amidships of sufficient length to 
cite the engine baller, magazine, aia spaces. 
Swit bulbicads exteuting to the height of the main 
C) main 


and the other about 14 ft, before the stern ; 

lision stuffing-box bulk 
inner bottom the spaces 
horizontal Weare sph fate, +7 a shaft 
passage, rooms, magazines, and chain lockers are 
me en Se The space between the inner and outer 
bottoms is di into several water-tight compartments, 
which are formed in a tore-and-aft direction by the vertical 
keel and a water-tight itudinal frame at the turn of the 
bilge on either side ; in an athwartship direction, by 
solid frames spaced about 20 ft. apart. 

Water-tight-doors on the lower deck are fitted with 
hinges having loose pins, and are when shut by 
levers placed at short intervals all round the edges of the 
doors which may be worked from either side of the bulk- 
The doors in hold are made to slide up and down, 
being raised-and lowered by a screw worked on the main 

ion has been made to such doors that they 

cannot be closed qui enough, but a moment’s reflection 

show that the time taken in lowering the door depends 

upon the pitch of the screw, and if a pitch is chosen suffi- 

pr | coarse for the weight of the door just to overcome 

n, it will descend by its own weight almost in- 
stantancously. 

The ps fitted are five 9-in. Downtona, placed on the 
lower » and capable of worked either on the 
lower or main decks; two 5}-in. Downtons placed on the 
main deck, and-an auxiliary engine placed on the lower 
deck. This engine is supplied by steam either from a special 
pees = Sey also on the lower deck, or from one of the 
main All the pumps are fitted for fire and wash- 
deck services, as well as for pumping from the bilge, and 
the avtiliary engine in addition to serving for either of these 


a can be applied to drive the foremost capstan. 

above-mentioned a being above the water-line 
with a special boiler above the water-line, may be 
worked long after water has risen sufficiently high to put 
out the fires in thé main boilers-. In addition to the fore- 
going, the two ci i of the engine condensers, 
whieh are each fitted with 12-in. bilge suctions, and the 
donkey pumps, are capable of being used for discharging 
water from the bilge. 

A main drain pipe 12 in. in diameter is placed between the 
two bottomsextending for the whole length of the inner 
bottom, and is connected with each compartment of the ship 
by pipes fitted with valves of equal area to the section of the 
drain pipe. Valves of similar size are also fitted at the ends 
of the Goo gee to connect it with the compartments before 
and abaft the double bottom. The upper compartments of 
the double bottom are connected with the main drain pipe 
by 5-in. Pipes fitted with valves at their upper ends. A re- 
servoir is fitted at the lowest point of the drain pipe and the 
suction from the auxiliary engine is connected at this place. 

Tt will thus be seen that the main drain pipe has command 
of the water in every com ent of the ship except the 
compartments of the double bottom below the water-tight 
longitudinals. As no water is drained into these compart- 
ments it is expected that they will usually be quite dry, but 
in order to fill or empty them should they be used for carry- 
ing water t, or to pump from them in case of accident, 


pie fied ~ = in all the compartments. Each stand 


4 


5 


valve so arranged that when screwed 
own it is wholly closed, when screwed half-way down it acts 
as a non-return valve, and when the screw is up, the valve 
is kept open. Groups of two or more of these stand pipes 
are connected with each other and with a pipe leading from 
the nearest ton’s pump, so that either compartment of 
may be filled or emptied by the pump through this 
pire. h of the Downton’s pumps has a sea suction 
hrough a Kingston valve, and suctions from the adjacent 
compartments of the hold inside of the inner bottom ; and 
two of thep are connected with the drain pipe near the 
ends. This isdone so that water may be let in for flushing, 
as the drain pipe is liable to get very dirty. Each com 
ment of the double bottom is fitted with a sounding tube 
extending to the main deck wherever practicable, also 
with an air pipe led up between the frames to a height con- 
i the water line. I may also mention that 
each compartment is fitted with two manholes, one of them 


movable, the other merely has a plate screwed 


is 
arrangements are fitted to the ines, shell 
spirit rooms, proper stop seeks, with locks, being 
ry = each case to prevent the possibility of water being 
let in by mistake or by evil design. 
As the stand valves control the iower compartments 
of the double only, it is not necessary to have the 
of them when water has got beyond the 
ere San of She chips bat 
the other valves, and consequently 
thet ato al) Pets . pe ee. except in one or 
where it was impossi get the necessary 
ohh hikes thas theclower deck; Means are provided in 
every case for indicating whether the valve is open or shut. 


If the of these valves is ly understood, water 
which enters the ship in com it may be conducted 
h the drain to pumps in any other com 

ofeach circulating pump ofthe engine condenser 
of. pump 
vis., 12 in, in diameter, will cnly convey 2 ouliclent 


the | marking of valves, the staying 


intended for giving ventilation when painting or other work | and 





second circulating pump available in case of accident to any 
other compartment than the engine room, 12-in. sluice valves 
are fitted in each bulkhead close down to the inner bottom, 
— — | Tange a ans worked from the main 
, ships of this class the pumping its are 
necessarily complicated, and require, not only the greatest 
vigilance in looking after such minor details as the proper 
of rods, the insertion of 
brass bushes at pivoting points of levers, &c., but also re- 
quire on the part of those who have charge of the ship con- 
stant attention to keep every part in working order, and 
careful study so that in an emergency, at a moment’s notice, 
they may know how to use the appliances with which the 
ship is fitted. 
ut to return to the Russianships. The difficult naviga- 
tion of the Baltic probably render accidents somewhat fre- 
quent, and that may have something to do with the atten- 
tion which Admiral Popoff gives to appliances for raising 
sunken vessels, for stopping leaks from the outside, and for 


increasing the pumping in his ships. As instances of 
this I may refer to the isn air-bags for raising ships, 
and Makaroff’s mats for s' ing leaks, both of which have 
been tried recently in E , and have attracted a con- 


siderable amount of attention. Lieutenant Makaroff, while 
devising means of pumping water out of the ships, has not 
forgotten that the most effectual way is to stop it from 
get in, and his mats are so far appreciated in his own 
nay hat every ship has been ied with them since 
1871, and the seamen are regularly drilled in their use. 
They have been successful in saving at least two ships—in 
one case, the monitor Lava struck on a rock, and in the 
other the Admiral Lazareff was accidentally rammed by the 
Admiral — In both instances the mats were adjusted 
without difficulty, and the ships steamed safely into harbour. 
The Russian ping arrang ts r ble those I have 
described for the German ships in paving 0 train Cale igs 
of about 12 in. diameter, but it is differently arranged. - 
See St oo the details of the valves, A and B are 
ouble valve boxes capableof letting water into the drain pipe, 
either from above the inner bottom by the valves C, or from 
the double bottom by the valves D. E is asingle valve box 
which lets water in from the double bottom only at F. G isa 
sluice valve which divides the cone give into separate por- 
tions. By the lower valves D and F all the water in the 
double bottom may be pumped ont except that which is within 
about 6 in. “of the outside bottom. is water is ped 
out by the i's H, leading to a fore-and-aft pipe K in con- 
nexion with the ine L. Downton’s pumps are also 
connected with this 4 The fire-engine will also pump 
from the inner bottom by the pipes M. N isanejector. Its 
connexion with the drain pipe is shown in the section Fig. 2, 
page 327. Fig. 2alsoshows a centrifugal pump A connected 
with the drain pipe at B, and discharging below the water 
line at C. The drain pipe valves are made a little larger 
than the drain pipe ; for instance, a 12-in. drain pipe would 
have 14-in. valves, as that is found to be an advantage. In the 
Peter the Great two centrifugal ps and two ejectors are 
fitted, in addition to the and Downton’s pumps. 
One 12-in. pipe is found to be sufficient to supply both 
pumps and ejectors, as they are distributed along the length 
of the drain pipe, and the water will flow in either direction 
to them. An advantage of this arrangement of the drain 
pipe is, that should it be desirable, upon going into action, to 
sink the ‘ship a little lower, water may be let in and the 
double bottom filled, by merely opening the valves, and if 
it is required to lighten the ship quickly, the whole may be 
pumped out in about ten minutes. The centrifugal pum 
are much more economical than the —_- as regards the 
amount of steam used for the quantity of water pumped 


out. Each centrifugal pump has its own engine attached, 
and is supplied with steam from the main boilers. 

On the other hand the ejectors are very light and inex- 
pensive, and they occupy very little space. (See Figs. 1 
and 2.) For these reasons it appears to me that they would 
be especially valuable in eT oy steamers ; for, ina case of 
dire extremity, the whole of the steam in the boilers would 
be available, and the ship might be kept afloat for a suffi- 
cient length of time, either for the passengers to escape in 
the boats, or for some means to be applied on the outside for 
stopping the . The Admiral Popoff is to be fitted with 
a Friedman’s (Austrian) ejector, and a Morton’s (English), 
with the intention of trying them against each other to see 
which is best. In these ejectors a pressure of 16 lb. of 
steam is sufficient to lift water 20 ft. ; 30 lb. will lift 40 ft. ; 
cat 75 Ib. s ft. ina ” 

t powerful centri putty rs have 
bon aoe in the Buselan she eens forgotten 
that they depend upon the main boilers for steam con- 

uently would be useless if the water rose suffici to 
put the fires out ; but this point has not been napheanedl, 

auxiliary engines and boilers have been fitted on the 
lower deck. In the Peter the Great, Merrywea' 
gine has been selected on account of its extremely light 
weight, and the rapidity with which it may be brought into 
action. The quantity of water which may be thrown by cen- 
trifugal pumps and ejectors fitted in the manner shown, is 
enormous, as it upon the size and number fitted, 
the only limit being the quantity of steam which the main 
boilers ,will supply. Messrs. Stone, of Deptford, have just 





brought out a which is capable of throwing twice the 
quantity of thrown by a Downton’s pump of the same 
size ; and although these bid fair to become most valuable 
as mani 


pumps, and should not be — lightly of, yet 
~-h 4k. SS gt FL 

com with a com cent pumps, 

j eB I have described. 

But Lieutenant Makaroff does not stop here, he proposes 
to fit centrifugal pumps, to be driven Lane the pro- 
peller shaft, as shown in Figs. 5 and . By this 
arrangement he is confident that wi ing the 
screw a ton of water per minute could be thrown for every 8 





indicated horse power, so that engines of 8000 indicated horse 
power, such as many armour-clads are fitted with, would be 
capable of throwing 1000 tons per minute without discon- 
necting the screw, or about 3600 tons with the screw dis- 
connected. Whether he will be able to find sufficient room 
for the pumps, and be allowed to carry out this idea, I 
cannot say. Perhaps I ought to explain that Lieutenant 
Makaroff has given me the proportions per horse power, 
and I have applied them to the 7° engines of in- 
dicated horse power; probably he does not contemplate 
going to this extent. 

Great facilities for pumping have recently been claimed as 
one of the advantages ap ining to circular ships, I have 
therefore shown, in Figs. 8 and 4, page 327, the arrange- 
ments which have been introduced by Admiral Popoff in the 
ship which bears his name. The dotted lines represent 
water-tight divisions of the deuble bottom, and the drawn 
lines the main water-tight bulkheads. Pipes from the 
various compartments are led, as shown, to the inner circular 

, within which three pumping engines are on 
a flat, raised as high above the keel as possible ; the pumps 
are supplied with india-rubber hoses, long enough to reach 
either of the pipes, so that all three pumps may be applied 
to any one com ent of the ship. 

An important advantage of the centrifugal pumps is that 
they are ble of driving air as well as water ; and they 
may if desired, be used for ventilating any ieee 
of the ship, the Pr pipes, of course, being provided. 
In many ships it is di t to get sufficient draught in 
the stoke-hole without artificial appliances ; in some of the 
monitors special fans have been required for ventilating the 
cabins, mess decks, &c.; and in emigrant ships especially 
good ventilation is needed. In all of these cases centrifugal 
pumps would be capable of serving a double purpose. 

This leads me to the second part of my subject, viz., 
ventilation, and I would the importance of it, not 
solely on the grounds of health and comfort, but because 
explosive gases are generated by some descriptions of 
cargo, such for instance as coal, and many serious accidents 
have occurred through the neglect of proper ventilation. 

The frame spaces of iron ships and the hollow iron masts 
form excellent ventilating pipes. The masts especially are 
good uptakes, and should always be fitted with open covers 
at the masthead, and with perforations at the heels, so as 
to allow foul air to pass up. 

I may here observe that in arranging uptakes the greatest 
care should be taken to convey the foul air away to the 
upper deck by distinct pipes from the hold and from each 
deck ; for, if this is not done, there is a liability of the 
living deck becoming contaminated by the gases from below. 

Another observation I wish to make is—and this isa 
point which, as far as my experience goes, has receiv 
very little attention—that means should be provided for 
closing all ventilators in case of fire. This is especially im- 
portant in the case of the iron masts, for if a fire breaks 
out in the hold, in the vicinity of an iron mast, the mast at 
once becomes a tall chimney, and will create an enormous 
draught to fan the flames. The Times, of the 2ist of 
January last, contains an instance of this. Under the 
heading ‘‘A Perilous Voyage,” it gives an account of a 
fire on board the River Boyne, Captain Rice, bound for 
Valparaiso with a of coals. en near Cape Horn 
it was found that the coal had taken fire, and most praise- 
worthy exertions appear to have been made to put the fire 
out, but without success. Fortunately they were near the 

, aid found a snug little harbour, in which Captain Rice 
ran his ship on shore and scuttled her. The flames were 
thus quenched, the water was then pumped out, and the 
ship went.on her voyage again. In Captain Rice’s letter 
to his owners, an extract of which was given in the Times, 
the f ing paragraph occurs : ‘‘ Anchored in six fathoms, 
stiff sandy bottom, the. smoke by this time coming out 
strong from under the caps of the fore and mainmasts.” 
It is obvious that the masts in this case must have created 
a draught, which materially increased the fire ; and further, 
if these masts had been fitted with valves by which the up- 
ward current of air could have been stopped; or if the 
captain had caused the mastheads to be covered over, the 

robability is that he would have put the fire out, without 
or om to scuttle his ship. In view, therefore, of the serious 
co! uences arising from a fire at sea, I venture to suggest 
to shipowners, surveyors, and underwriters, that the pro- 
priety of enforcing some means for closing all ventilators, 
and especially iron masts when used as such, is a question 
worthy of their most serious attention. 


METROPOLITAN Gas SupPpLy.—At the meeting of the 
Statistical Society last Tuesday, Mr. H. Chubb read a 
paper on ‘‘ The Supply of Gas to the Metropolis.” He 
commenced with giving a variety of statistics from which it 
appeared the share and loan capital of the united companies 
amount to rather more that 11 millions sterling, and the 
maximum rate of dividend on the total share capital is 8.7 
per cent. About 1} million tons of coal are consumed 
annually, and the quantity of gas consumed last year was 
was abont thirteen million thousand cubic feet. ere are 
at present 54,119 lamps in the public streets, and the mains 
extend to upwards of 2000 miles. Mr. Chubb then entered 
into the history of the gas manufacture in the metropolis 
introduction, detailing the 





during the sizhy rears since tte 4 
origin, progress, &c., various companies. 
to the . price of gas he showed that London was far 


op we ee = 
terms been companies 
Metropolitan Board and t them unfair. 
Leone i and others joined in the discussion. 
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"OVERCOMING STEEP GRADIENTS ON 
RAILWAYS.* t 
By Mr. Henry Hanpysipz, of Bristol. 

Tue chief object k had in view, when, in, 1871, I first 
matured the idea of the new a ne was to py meres 
and efficient means whereby the locomotive of 
struction might be made svailable for erie 
inclines, and without any alteration or rman bart 

permanent way, or alteration in section of 
mths subject 4 subject is naturally divided-into two 
up and the coming down—and I propose to. describe them in 
“Th rtion of rail bitrary 
ere is no portion o: ilway engineering #0 ar 
— eS ew ; a be 

On all ordinary locomotive lines, the stocyest port po < 
comes “the ruling grade’’ for the whole 
say, the nee grade decides the weight. of the ae 
the exact load it can draw on that grade, andthe weight of 
the rails along the whole length of that line, omwh that 
‘there I has to =. - u, 

ere is no difficul in spportioning, slengat power 

locomotive to the amount of itsy adhesion; and as 
this adhesion is solely dependent on the amount of weight 
which can be put upon the driving wheels of the engine,” it 
follows that the load.any,engine can take up,em-:incline 
must be in exact ratio to the weight 0 on the  drsvinig wheels, 
and the angle of the incline; 

It has been ascertained, by actual experiment, ‘that the 
limit of adhesion between! an iron tyre‘and iron rail, is on 
an incline of 1 in 6; or in other words, any locomotive, with 
sufficient cylinder power, and. all wheels motors, will ascend 
an incline of 1 in 

Any very i approach to this limit would be of little 
commercial value, and the nearest which-bas been success- 
fully employed, is am incline of lin 10, ‘which,:was worked | 
for three years on the Baltimore and Ohio Railway, the 
engine taking up a load as heavy as itself—this fact is re- 
corded in Mr. Isaac’s interesting paper, read before the In- 
stitute of Ciyil eers, on November 

Thus it appears evident that it is not the steam power of 
a locomotive that is wanting, but the adhesion between its 
wheels and the surface of the rails. 

To supply this great want has been the object of locomo- 
tive engineers from the earliest days of the steam engine, 
and very numerous and varied have been the mechanical 
contrivances brought forward, many of them performing all 
— uirements, but labouring under the disadvantage of 

itional cost to permanent w: ay ft beleg weight and com- 
plication inthe engine itself, an obliged to elevate 
their steam power to ascending the ineling at 
with the load. 

It is on this point that my system differs from all others 
everused. I.use any wtiony locomotive, applying thereto 
a winding en 1s and wire rope, or chain, and 
peculiarly cons eripping struts, which also perform 
the duty of a nc yom powerful brake when descending. 

The engine ‘having hauled its train to the foot of an 
incline, of, say, 1 in 12, disconnects itself, but leaving the 
end of the wire rope fast to the train, it proceeds up the 
incline for any desired distance, but ‘within the limits of 
the length of the rope. 

The struts, having been released by the engine driver, 
immediately come into play, firmly grasping the heads of 
the rails, and thus the engine becomes at once a stationary 
winding engine. By the application of steam to the winding 
cylinders the train is drawn up close to the engine. 

If the incline is of too greata length to be surmounted in 
one lift, a similar pair of gripping struts are fitted to the 
last wagon or guard’s van of the train, and as they act quite 
automatically, the train is firmly held in its place whenever 
the winding ceases. 

This automatic action of thestruts, when fully understood, 
will recommend itself for adoption in all mod where retro- 
grade motion is to be feared on s inclines ; and even on 
those in this country on some of the main lines ranging 
from 1 in 40 to 1 in 60, and on which such disastrous results 
have followed from the breaking of coup! or draw bars. 

In laying out a new line for my system, { prefer to keep 
the steep inclines straight; and within the limit of wire rope 
the engine can carry. I prefer not to exceed 800 yards, dach 
incline to be followed by a piece of level, which may be 
taken advantage of for curves. ae ener ascent of the line 
pe ae meee pee oe and resembling in its action 
the working of a.canal 
P My chief reason for Teoping tl the imalinas straight, is to 

ispense with cast-iron -guide pulleys, which “are. Sma 
able, en’ great friction and wear and tear to the ro 
if, however, ¢ Salant of the ground is such that the i 
and ———— wm ee Thon the ordinary gue pale 


be 
When the inalimenarecbe straight but very few wooden 
rollers aré: sufficient, the ieee very lightly and 
only for a. portion of the lift.;. this is due to the,rope being 
coupled to. theidrawbar of.the wagon ‘and the top of the 
ee at least 3 ft. 6 im. from*the level of the 
mm 

Ot is evident that -by-thia transformation of ati ordinary 
locomotive into a stationary-windi engine, it combines 

to be from either or 


Long experience, from the-itheory: of the estion, 
ne ria oe a te aces S he 
i ‘approached, greater the | a 


e same time 





economy rot risk imereases in equal pro- Costes to much The company owns 
Portion. 105 locomotives, cars, and 3957 
eer provide an accident—when | freight cars ; this pant is = to 20 different railroad 
ry ap Swe phn ty wy Seer lift-but the descent companies. ae 
ann So eeutend. wits the formidable powers.of gravitation} British Columbian Telegr te Dees Columbia 
; rye oN telegraph is i , Vancouver 
brings me to the ,second putt of my:subject, “the to yy “Another line, 15 miles in| éase their 
coming down. > ab .alab Got length, int to Th 


® Paper reed before the Iron and Bisel Instibute, 








be overcome, which hever 
one-third or onetaior a short ot icine ba 


then all the speed any train “iiciog tothe foot 
of the incline would pobeh ou be overcome wien the train came 


on to the level:” 

We know by practice that all send stock has an ad- 
hesion to the rails-equal to one-fourth of its weight, 
although many rs in this country do not think more 
than one-sixth to be relied on 

Taking er the — as adatum for aap | ye ame 
it is clear t! any way m or carriage, roper 
brakes on all the Whee Ts ‘descend un incline of in 12 


perf ‘ety, 80 certain speed was not ‘ex- 
ceeded, but the great ‘angers Hind this sped might be ex- 
,even under the charge of ber most experienced 
brakesman, who would have no ter retarding power 


to ely to, and Sactp would “run wild.” 
Foreseeing tha 


+ this evil must be vipa for, I have 
so constructed my gripping strut that it acts.as a 
the most powerful nature when coming down hi 
The construction, of this brake causes it to press » not 


only on the to gt thd cAits, bat whoo te 6s pro on 
reales of the: heads of the rails. To cat Hoge on 


the three bearing surfaces of each s fpedy we penne 
newable Lye | of iron or brake cnetals w 
moved and replaced in leas than 20 minntes. 
This brake will work on any, section of rail, but it must be 
apparent that the deeper and flatter the sides of the tops of 
the rails are the gros r will be the effect uced with 
the least amount of wear on the renewable jfaces of the 
em 0 ~~ Timniteed ge ec action of this = 
at once adm’ i power, have 

alified the praise by saying GE cocktast 

rally available on our lines on account of ‘‘ points and cross- 


can be re- 


, at first sight, appears a most formidable objection, 
but, ike every mechanical difficulty, it ought to be, and has 
been surmoun’ 

In the case of. the a: plication of my brake to a locomo- 
tive, Mr. Walker (of the firm firm.of Fox, Walker, and Co., 
Bristol) made a very i us adaptation of steam 
power, by which the brake is instantaneously and auto- 
matically lifted off the rail when coming close to « ;point or 
crossing. 

A similar arrangement, in the case of a guard’s van, 
can be secured by the use of. com: air, or even by 
ordinary mechanical appliances. 

‘Although I can fully 2 agree with the general opinion that, 
‘*it is desirable that brakes should work equally well over 
points and ‘ i ” I still think it will be admitted that, 
although ae | > generally to-be anticipated in the im- 
mediate on _— and crossings—that in nine cases 
out of ten, rake power has eee insufficient, the 
engines and ae were wand before clear rails, and might 
have been brought hot — ‘ore the points and cros- 
sings were ee and guard had been in 
—— some i aieet id nliahe retarding power. 

e application of this:brake to a locomotive, its re- 
‘ending poveis neatly tedhied led; an ad of nos 
importance, especially when under the control of the driver, 
who is the sole and proper ema have full control over 
his engine and: train: 

All the retarding force which: cam be derived from the 
top surface of the rails ‘has’ long been known and utilised 
to the utmost, as ‘it has often been found insufficient on our 
ordinary lines, and as it would certainly: be ‘quite insuffi- 
cient on steep inelines, I have ventured to utilise “a portion 
of the ordinary rail-which can well afford ‘to. take its share 
of work when required. 

My great object in bringing the subject of overcoming 
steep gradients before your notice, is to prove that by this 
simple adaptation of certain well-known machines, in com- 
bination with various novel: rape a em system i is 
produced which -will enable engineer to undertake the 
oe of mineral lines at a much lower rate than 

a preomypiny sce cost, mile for mile, will be less in 

all cases, as compared with a line laid out with ordinary 
grades ; but it will enable the engineer to take a more 
ct route, and effect a large saving in actual distance or 
length of permanent way—generally as much as 60 per 
cent.; and after giving him the power of taking his line in 
certain directions to suit the wishes of land-hol ers, in some 
cases, thus removing the chances of a strong opposition, 
which, in sev instances, has prevented an easy access to 
districts, known to be rich in mineral wealth. 





FOREIGN AND COLONIAL. NOTES. 

United ee: ae Stock Company .—The net income 
of this compan: was 353,578 dols.; out of this 
profit, oiinndend ct ¢ ¢ rate of 8 per cent. ‘annum is in 
course of payment, and a balance of 185,578 dols. has been 
= to reserve fund account. The business of the com- 
year presented some improvement as compared 

path 187 1874, yplthough, , owing to severe competition among the 
1] 


pany’ cars could o pay be Bese = oe rates. — 
is now engaged in building large repairing shops 
br awl Ohio, which — enable = to conduct thar 











made gene- alain 


reights were extremely low, and the com- | worst 
meily ion low 


of an aggregate of ni! 
‘ the Frer Sivers hese ist h 


in length, from New W: 
New Zealand M 





Otago some of the 
Indian Ratt s.—A conference on ver al has 

Heats bare, eens Fant Dar the Scinde. “ 

ve an 

Panjaub, Delhi they 

staid it fhe geal tangent oth, 

chief engineership o ns 

be offered to Mr W. Furnivall, OF, vof the Panjaa 

Works Secretariat. 


An Expensive Capitol.—The Dinte ofl How York is build- 
ing 9 ciate soatteh If the present plans are earried out, 
the building wit got 7.101.304 Sol 4 cnanees st, how- 
ever, suggested whigh wil ne uce the cost of the structure 


i 


€ of | to the extent of 1; 


Queensland Steam Sastegiten pits rospectus has been 
issued of & Quéensiand Steam ‘Packet Company with a 
proposed capital of 250;0000. 

The Mississippi. —Intelligence as to the 
the South Pass of the Mississippi states a gain 


finished portions,of the works the gain of depth is 
of 10 ft. 


Rolling Stock in. Pennsylvamia.—A large amount of 
work wie Aa atthe shops of the ylvania Railroad 
and for other 


cars. In order to meet the req company’s 
increasing coal. trade, were made h 
car trusts by which 2000 ei heel coal cars of a 

of 15 tons each were ‘speak thaline senha very 
low prices... 

The Philadelphia Nawy Yard: Lthe Secretary of 
United States Nayy has forwarded to the H owe of Hepre 
sentatives .a detailed report of the sald and transfer 
Piiaddhia ary Yar to the Fomneira 
Company for 1,000,000 dols. 

The French Iron Trade,—There is little fresh, to 


with respect to the French iron trade... Reports 
current of inte as to an alleged revival in bosiness these 
reports are scarcely confirmed by, actual facts. 

Gas in Paris,—The Parisian Company *h a 
Heating by Gas has attained an proper oe 
tures receipts oe in sin 6, re 
wor! expenses of the year — 
profits of the twelve months. at'1 187 ‘wher divkiona 
of Tare 1875 is to be ans oe per "ase (ior per share 
pail 


American Public Buwildings:—A Committee of the 
United States House of Representatives on Public Buildings 
te not ong ae any expenditure on sot ch a 
ex such as is 

ensuing bc pu nie a 


The Lachine tome, — tenders have been received 
for work on the Lachine ® Section No; 11, The 
lowest tenders are said to ha those of Messrs. Nagle 
and Co., of Ottawa. 


A German TorPEepo Boat.—The German 





announce the la: of the “ offensive to: ‘ 
a the 8 : Mery gl Docks. hoa 
vessel receive ‘a ‘torpedo charged wi . 

peer ty beet. yay capone a ‘under the water line, 


which to io is to explode on contact with the hostile —% 
To protect the torpedo boat from the — of the dis- 
charge of its own Gasatn te the vessel-is built with two com- 
plete foreparts, sliding one within the other, and having a 
considerable extent of intermediate s between them. 
This space is filled with a tough and elastic material (cork ons 
marine glue), and thus, if ep the bows were 

there would be a second line of resistance. The object of the 
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LINING OR MARKIN G OUT WORK.—No, U1 
y hs _ een ae 
MARKING OUT EXGINE GUIDE OR M ‘ 
engine bar is to be made parallel in its breadth 
ant thicket may SS ansheal off from directions 
— for marking a 
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ENGINEERING. 
little 


go gate ot Sa tn Bite “eae ing the bottom 
face for most part lengthways. It is shown in Fig. 18 
A being the bar; the two faces BB may be first 
uired) with the face C; the back of the bar 
may then be p! in two operations from the t D to 
the junction with B ateach end. Were the m rede po 
cedue employed, it would pay to leave the most m to 
come off the the bar; but there are yet 
other considerations, which are the facilities in the shop. 
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Fre. 18. 
the shaping mechines are not kept fully occupied, while 


e planing machines are always in demand, it will pay (if 
ot many bars to be planed) to leave as little as 
be taken off the bottom of the bar and the re- 
the top. If, however, many bars are to be 
economical of all methods will be to plane 
lacing, say, eight of them at a time across 
the planer, cutting off the ends at the same 
upposing this plan to be adopted, we set the 
marking block just below the lowest part of 
draw a line along its planed 
along each end, to Conse the 
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Fra. 19. 
the lines E for the ends, the lines B B 
and the line D ing the middle of the 
bar. ee ee 
ost ; setting a pair of compasses e 
ialehnens of the ne dicot the bar, we set one 
the junction of the lines A and D, mark off with 
point a half circle, and then (turni e bar over) 
it upon the table, as shown in Fig. 20, A being the 
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mark just fair with the top of 
and the mark C at the end of the taper part 
of the bar A (the mark C showing the smees istance 
from the end of the bar). Having made the adjustment, 
we draw the line E, thus comple the marking of that 
half of the bar. Wenext remove the block of wood and 
wedge to the other end of the bar, and repeat the last 
operation, when the marking of the bar will be, so far as 
its ou is co , com It will be observed that 
we have drawn the lines in each case on the one planed 
aly, and not all around the work. The 
reason for this is that the planed face is a guide, whereby 
to chuck the work and insure its being set true. In the 
absence of one true face, it would be i i 


i 
i 
: 


, would serve as a guide whereby to 
set the work ening tho cnssensive ob ings. 

After the faces and ends are planed up, the holes in the 
ends may be marked by the compass calipers and compasses, 
as shown in Fig. 21, A being the bar, and B B the compass 























inside circle, however, we are enabled to use drawing 
chisel, and therefore to adjust the position of the hole 
during the earlier part of the operation ; so that the hole 
being cut is made nearly if not quite true before the cutting 
outer circle, which shows the full size of 
attaining its full diameter, the 
a little out of truth, the correc- 
+ is futhermore much more easy to 
has only entered the metal to, say, 
than when it entered to nearly its full 


The object of making a centre punch mark in the 
centre is to guide the centre of the drill, and to enable the 
operator to readily perceive if the work is so set that the 
= of the drill stands directly over the centre punch mark. 

is is of great importance in holes of any size whatever, 
but more especially in those of small diameter, sa; 
stance, }in., because it is impracticable to descri 
of so small a diameter whereby to adjust the drilling ; and 
in these cases, if the drill runs out at all, there is but little 
practical remedy. The centre punch marks for such holes 


» for in- 
circles 


line | should therefore be made quite deep, so that the point of 


the drill will be well guided and steadied from the moment 


»@). | it comes into contact with the metal, in which case it is not 


likely to run to one side at all. If a motion or guide bar 
requires to have one corner rounded off, as it should have 
to prevent its leaving a square corner on the guide block, 
which would weaken the flange of the latter, the corner 

be marked off, but a gauge should be made as 


cannot 
shown in Fig. 23, A in the left-hand figure being a piece of 


iy 


Fia. 23. 


sheet iron, say, syin. thick, with the lines B and C, and 
the quarter ie D marked upon its surface, The metal 
G is then cut away, and the edges carefully filed to the lines, 
thus forming the gauge A which is shown upon the bar F 
in the position in which it is applied when in use. It is 
obvious that such a gauge will scarcely suffice to get up a 
very true round corner ; this, however, is accomplished by 
leaving the corner of the work a little full to the gauge 
and then filling it up to the piece of work fitting against it. 

Reference having been e to drawing the position of 
the recess formed by a drill before it has en the metal 
to its full diameter, we may as well explain that process: 
Supposing A in Fig. 24 to represent a piece-of metal re- 














Fig. 24. 


quiring to have a hole of the size of the circle D drilled in 
it, that the recess cut by the drill is out of true, as 


. necessary, in marking A : ’ eg “ 
rs off the first deem, 40 ante Soe Een Git cmened the one shown by the circle C. A round-nosed chisel is then em 
which, when 


ployed to cut at D the groove there shown, ing from 
the outside to the centre of the recess, and which will have 
the effect, when the drill is again introduced, to draw the 
recess toward that side, thus causing the recess to be true 
with the marks. 





Tae Betaran Iron TrapE.—The Marchienne-au-Pont 
Rolling Mills Company has received an export order for 
2000 tons of girders and 1000 tons of tramway rails. 


PENNSYLVANIAN MinzeRats.—Among the exhibits of the 
Philadelphia and Reading Railroad Com at the American 
Centennial Exhibition will be sam: of the mineral pro- 
ductions of [the territory which the com "8 
road and lands extend. Dr. i i 


other specimens of those regions, i 
among the collections of the Smithsonian Institution. 


Canapa Economistne.—The Government of the Domi- 
nions of been i 
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By J. M. Witson, Philadelphia. 
Tue Borer Houses anp Main Enaine. 

TuerE are four principal boiler houses operated 
in connexion with the hinery Hall, situated on 
the south side, and separated from ‘it by a railroad 
track, by means of which the requisite supplies of 
fuel may be brought in during the Exhibition. Two 
of these boiler houses are east, and two west of the 
hydraulic annexe, and they are designated respec- 
tively Nos. 1, 2, 3, and 4. 

The boiler houses are all of the same character of 
construction as adopted in the Machinery Hall, 
differing, of course, somewhat in the details, especi- 
ally in the substructure, sunken areas being required 
for placing the boilers and for fuel; but they pre- 
sent the same exterior ap nce, the walls being 
of stone for a height of 5ft., and above that of 
open framework filled in with glass, while they 
have timber roofs, covered with tin, and crowned 
with louvre ventilators, the side sashes swinging 
on centres the same as in the other buildings. They 
are each provided with a vault, with inclined shoot 
(see sections Figs. 5 and 9, pages 333 and 336), ex- 
tending out under the railroad track to facilitate 
putting in coal from drop bottom cars. Over the 
coal vault at the entrance door is a platform, level 
with the exterior surface of ground, extending into 
the building, and protected by an iron railing on 
the sides, so that visitors may have access for the 
purpose of viewing the operations of the boilers, 

Beginning néar the eastern end of the Machinery 
Hall, and going west, the first building or No. 1, is 
the British boiler house, covering an area of 36 ft. 
by 734 ft., measured to centre lines of walls; the 
longitudinal dimension being at right angles to the 
main hall. This boiler house is shown by Figs. 9, 
10, 11, 12, and 13, pages 336 and 337. 

Entering at the north end, the space for a dis- 
tance of 244 ft. is sunk to a depth of 10 ft. below 
the ground surface, and the balance, where the 
boilers are to be placed, to a depth of 12 ft. 9in., 
except at the rear of the building, where, for a width 
of 9 ft., the depth is 15ft. 10in. The space in 
front of the boilers, including the portion for 
fuel, is covered with a broken stone concrete floor 
6in, in thickness. 

The building has one chimney (see Fig. 13), which 
has a stone foundation 15 H ft. square, resting on two 
horizontal courses of timber 17 ft. below the surface 
of ground, the stone finish continuing to the height 
of the stonework of the walls of the building, above 
which it is of brick to the level of the eaves, On thisis 
a wrought-iron chimney 4 ft. 3}in. in diameter, and 
56 ft. high, stayed with wire guys, the total height 
from bottom of flue to top of pipe being 92 ft. e 
circular brick flue of the is lined, 9 in. in thick- 
ness, with firebrick, ‘The building will contain three 
of Galloway's patent boilers, each 28 ft. long by 
7 ft. in diameter, with two furnaces each 2 ft. 94 in. 
in diameter by 7 ft. 6 in. long. The boilers are 
made of Bessemer steel pleine # in, thick, the longi- 
tudinal seams being double rivetted, and they are 
a for a working pressure of 75 lb. per square 
ineh., 

Next in order is No. 2, or the boiler house for the 
‘central Corliss engine, This building, which was 
illustrated in the two-page engraving we published 
last week, is of the same character as po arses. 
covering an area of 41 ft. 8 in. by 80 ft., with the long 
side parallel to the Machinery Hall, but it has two 


ornamental octagonal brick chimneys, each 91 ft. 8 in. | gear 


in height above the surface of the ground. In case 
the Machinery Hall is kept as a ¢ exhibition 
building after the Exhibition closes, which appears 
extremely probable, this building is expected to re- 
main as the permament boiler house. 
around three sides of the interior—the fourth side 
next to Machinery Hall being the entrance with 
visitors’ platform—are 20 Co: t boilers of 
70 horse power each, and conn with the 
chimneys by horizontal flues lined with firebrick. 
These boilers have a connexion with the engine 
by means of a wrought-iron double rivetted pipe 
passing under — yuthe enced 18in, india. 
meter and’ 320 ft., long. e is located in 
the Machinery Hall, at the junction of the transept 
with the south nave, the most t 
which could be given it in the b , it may 
poaeecmredies We “‘ life power” of the ma- 


When the question first came up in reference to 
the power necessary to run the machinery of the 


ENTENNIAL INTERNATIONAL, 


‘out, however, precluding exhibitors 


Exhibition, it was decided to 

exhibitors | furnishing o tuist potebe bat! 

sufficient for the wants of the rbole g display, with- 
m 


ae they so desired. On this under- 
* , H. Corliss, Commissioner to 
the Centennial from Island, offered to furnish 
the required power in the shape of a monster engine 
of 1400 horse power, or one horse power for every 
foot in length of the building. In order, however, 
that a fair opportunity should be given to all in this 
matter, proposals were invited im ciher parties 
to furnish the requisite power, in such 
Nowe to run the — of the ei lines 

ting required in the or for 
a single line, soas' to ‘aivide tho labour ‘ as 
——— makers of engines as roatipacag 2 m 
of ting to be run. When the proposals thus 
invited came in, however, it was found that they 
were not sufficient ae to fulfil the require- 
ments, After some y Mr. Corliss was then re- 
quested to renew his offer, which he did, and it was 
accepted. The work commenced on the engine on 
the Path of June, 1875, and the engine is now in 
position complete, and ready for ; 

It is a double engine, aomecg sf of two beam 
engines, of the Corliss pattern, with all the latest 
improvements, and nominally 700 horse power 
each, or 1400 horse power for the pair, al 
they can be worked up to 2500 horse power if occa- 
sion requires, 

At the location selected, the building is 70 ft, in 
height from the floor to the top of ventilator, and 
affords ample room, the height of the engine from 
the floor of the building to the top of the walking 
beam at its highest pitch being 39 ft. The engine 
is set upon polished iron plates, on a platform 55 ft. 
in diameter raised 3} ft. above the floor of the hall 
and all parts are accessible by iron staircases and 
balconies. ‘The cylinders are 40 in. in diameter, 
with 10 ft. some and it is oe to run the en- 
gine at 36 revolutions, equivalent to a piston speed 
of 720ft. per minute, Air lay call combina 
apparatus are provided, and it is intended to run 
with steam at from 25 lb. to 80 1b. pressure accordin, 
to the requirements of the Exhibition. The piston 
rods are of steel 6} in. in diameter.’ The connect- 
ing rods are about 24 ft. long, made from horse- 
shoe scrap iron, 9600 horse-shoes being used for the 
purpose. The beams are of a new design, and are 
9 ft. deep in the centre, 27 ft. long, and weigh 11 
tons each, being cast solid; The crankshaft is 
12 ft. long, and 19 in. in diameter, of the best ham- 
mered iron, the bearings being 18 in. in diameter, 
and 27 in. in length. 

The cranks are of gun-metal, highly polished, and 
weigh over 3 tons each. The flywheel is a geared 
wheel arranged between the engines. .This geared 
flywheel is 30 ft. in diameter, cast in sections, 2 ft, 
across its face, and weighs 56 tons, being, it is be- 
lieved, the heaviest cut wheel ever made. It has 
216 teeth, finished with so much accuracy, that 
although making 36 revolutions per minute, it is ex- 
pected to run entirely without noise. The centre 
of this geared flywheel is 6ft. above the floor, allow- 
ing just enough room ‘for the cranks to clear the 


floor while working. 
The large wheel connecting with the fly- 


their own 
standing. 


wheel is 10ft. in diameter, and is a solid casting weigh- | 


ing 17,000 pounds. It connects with the main shaft 
252 ft. long, and crosswise of the building. 
At the end of this and at two intermediate 
points, and connected with it by nests of bevelled 
6 ft. in diameter, are shafts 108 ft. long run- 
ning at right angles with the main shaft, and longi- 
tudinal to the building, to points directly under the 
ends of the separate lines of overhead shafting. At 
each end of these four connecting shafts, are the 
main pulleys, eight in all, seven of thee 8 ft., and one 
Q ft. in diameter, and each $2 in. across the face, 
Each pulley is directly under the end of a distinct 
main shaft overhead in the hall, and is connected 
with it by a double belt 30 in. wide—an 
of 20 ft, in width of double’belting being 
to transmit the whole power of the engine, each 
tree driving a straight line of shafting 655 ft, 
ong. “ ot 
In addition to the length of main shaft already 
iven, it also extends 100 ft. farther under the 
of the transept See for machinery 
in the transept, making altogether 784 ft. lineal of 
main shafting under the floor of the building, four 
neste of bevel gear, and the large gear connéct- 





ing with ‘the flywheel,’ all underneath the 
floor, and Hletely oa of sight, The main belts 


een Rca acta ean cae 


an te be visible, and make a proper exhibit. The 
tire weight of the engine and everything con- 
| nected wi bh it is 1,360,588 pounds, or rather over 
607 tons ; it required 60 cars of about 10 tons capa- 
city each to convey it from the works to the build- 
ings. and the freight from Providence, Rhode Island, 
to Philadelphia amounted to 5442 dollars 55 cents, 
or about 1000/. sterling. 
The engine as érected is in such harmonious pro- 
in its different. parts, and compares so well 
dimensions with the building that contains it, that 
one loses all sense of ita immensity in the contem- 
| plation grordlong cy He mr fancre.\p . It is painted in 
excellent taste, in quiet neutral tints, ved only 
by the polished work of its moving » and 
will undo form a prominent feature of the 
Centennial Exhibition, ii 
Building No. 3 is a boiler house and machine sho 
combined, a portion of the building also being weed 
This building, which is 
332, 333 and 337, covers 


for exhibition purposes. 

shown by. Figs. 1 to 8, 

an entire area of 120 ft. by 208 ft., being divided 

a qqgarrng | into two buildings of 60 ft. width 
ach, while it has two chimneys of wrought-iron 

pipe, precisely the same as the one attached te 

the British boiler house. The eastern half of the 


ugh building contains in front a boiler room, 60 ft. by 
89 ft., t 


e floor sunk 10 ft. below surface of ex- 
terior ground, and an exhibition room in the rear 
of 60 ft. by 119 ft. The western half contains, in the 
front, a machine shop, 30 ft. by 80 ft. ; a blacksmith’s 
shop, 30 ft. by 32 ft. ; a store-room ; a plumber’s shop, 
30ft. by 32ft.; anda yg "s shop, 30ft. by 32 ft., 
with engine room of 16 ft. by 30 ft. attached. In the 
rear it contains an exhibition space of 60 ft. by 96 ft, 
The machinery department has been placed under 
the charge of i eed agp who are to attend 
to building foundations for exhibited machinery, 
keeping machinery in , or ing any repairs. 
required by exhibitors during the Exhibition, &c., 
their charges for such work being governed by a 
regular schedule of prices fixed by the Commiasion, 


& | and as follows: 


Masonry for Foundations. 


Of Conshohocken stone... 5.00 per perch of 22 cubic feet. 

Common brick 4. .. 19.00 per 1000. 

Front and back stretchers . 

Bricks laid in cemen’ 

Fixebrick ... Sed 

Excavating 

For mason... 

For carrier aos Oe he 

Concrete ... es .. _ 6,00 per perch of 22 cubic ft. 
Special masonry and bolts at market rates. 


Machine Shop Work. 


$c. 
... 0,46 per hour. 


Vice work 
i i soe 1.00 5 


s 


” 
”? 
” 
» 
> 
” 


10 to 14 inch swing lathes 
inc 

bee ed : ” a) ‘ 
- lathe: 2.) 8" a 

large 


$2e:: 
Sesscesscsscs 
Seseeesuss 


3 HF: 


ecors 
2232 
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The boiler‘room of this building will contain : 


H power. 
Babcock and 


Wilcox patent water-tube 
’s patent tubular boiler FY nae 
Howard's patent sectional eatety boiler ... 50. 
Chas. D. Smith’s patent tubular boiler ... 100 
The Exter patent cast - iron 


sectional — 
boiler EN RE Ber 
Densmore’s patent sectional water-tube ae 
ME zat vin el a 
Boiler house No, 4 covers an area of 60 
by 96 ft. Ss oe toa a slr 10 ft., and 
used for boilers, and the rear oe. ba 118 D- 
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BOILER HOUSE AND MACHINE SHOP AT THE PHILADELPHIA EXHIBITION. 
MR. HENRY PETTIT AND MR. J. M. WILSON, ENGINEERS AND AROHITEOTS. 
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Fennemich’s patent water-tube boiler of... 50 eo 
ws patent cast-iron ae 


J.D. ’s patent sectional boiler of .. 50 

H. D. Andrew's patent tubular boilerof ... 50 
In addition to these buildings described as con- 
nected with the Machinery Hail, there are two other 






























































































































































boiler houses considerably smaller in size. Boiler : L . L. L : 
house No, 5 is connected with a saw mill, which is 1 if au I I i oa ajenias on a ge ar oan 08 
a frame building west of the Machinery Hall, open on ee ayaa an PAE EO | A HOE 
the sides and covering an area of 80 ft. by 276 ft. oiniee ee OO a8 | iii CO Ca 
The boiler house is ft. by 48 ft., and has a Preece nen CIE lesapanedhensnaeRincuncomrrencequaielnae ceineaececeipamtineed 
wrought-iron chimney 4 ft. in diameter on a brick é 











base, and 60 ft. high. The interior floor is not ex- 
cavated below the surface of the ground, and the; THe ORIGIN OF MOTION.—No. VII. | pair of vibrating molecules (i.e. the ether inter- 





a oe Horse power. | j,2, TH Mode of the Development and Absorption of | vening between the molecules) was in a stato of 
The Anderson patent sectional boiler . ... * | Heat by the Contraction Expansion of Matter.— | stationary vibration due to the mutual reflection of 
Price’s patent rotary tubular boiler ... 80 It is a known fact that by the approach of molecules, | the waves emitted by the molecules. A stationary 


; : ected wi such as takes place by the compression of matter, | vibration of a portion of an aeriform medium con- 
and Leather Bailing. Rccanacted with the Shoe | chemical combination, Ke., heat fo developed; and | sista, asis known, simply in an oscr.aTiom of the por- 
for this building. It covers an area of 26ft. by 32ft., conversely by the recession of molecules, such as by | tion or column of the medium, either as a whole or 
the floor is excavated 6 ft. below the level of the | *eexpansionof matter, chemical decomposition, &c., | in segments. The same therefore holds true in the 
surrounding ground, and it has a wrought-iron stack heat is absorbed. We have now to consider the | case of the column of ether intercepted between two 
with brick . It contains one of J. B, Hoyt and physical process by which this result is attained, and | vibrating molecules. We can therefore deduce from 
Co.'s tubular boilers of 60 horse power. an explanation of this effect will at the same time | a consideration of these physical conditions, the 

constitute AS confirming test — truth ~ our — of heat = :~ —-_ of er reg 
Puseer oun oa previous actions regarding the action the | and the absorption of heat by recession 
tons and luteadod for the Ameriean® Contersin! tenintis, | ether in molecular phenomena. molecules as an a uence, 
has been cast at the Pennsylvania Steel Works at Baldwin, | . ?- at ns fer gy ome er ne pee i.é., 28 & Consequence, W. if not own, 
Pennsylvania. that the column of ether intercepted between any | might have been deduced beforehand, 
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ing ether. We have therefore to consider how it is 
that the simple approach of the molecules of a mass 
of matter in the act of compressing it causes waves 
of greater energy to be generated in the surrounding 
ether, The explanation is an extremely simple one. 
We deduced that the column of ether intercepted be- 
tween any pair of the vibrating molecules of the 
mass was in astate of stationary vibration or oscilla- 
tion in its normal state ; indeed, it is quite evident 
that the entire ether enclosed within the molecular 
interstices of the mass between the vibrating mole- 
cules must be in a state of stationary vibration due 
to the mutual reflection of the waves; it being a 
known fact that the molecules of the mass are at 
normal temperature generating waves of great energy 


3. We will take the simple case of the develop- 
ment of heat by the compression of a solid mass. 
To be perfectly clear in our conceptions, we will 
first consider what are the actual observed facts of 
the case. When a mass of matter, such for example 
a8 a mass of metal, is compressed (in which act the 
t of the mass approach other), an effect 
is produced such that the mass is said to be “‘ heated.” 
The heated mass radiates more heat, i.e., generates 
waves of greater energy in the surrounding ether, 
the presence of which waves might be made directly 
obvious by means of a, thermopile held near the 
heated mass immediately after compression. The 
effect of compressing a mass is therefore to cause 
waves of greater energy to be generated in the surround- 
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bl epesases FOE i ciinidecess-b 
in the surrounding ether (as is the case 
with matter generally). 
4, When any mass of matter whatever 
is oscillating backwards and forwards 
between two surfaces, then (as is well 
pate oa approach of the surfaces will 
cause the mass of matter to oscillate with 
greater energy. Thus, to take a simple 
illustrative case: if we suppose an elastic sphere to be 
rebounding backwards and forwards between two 
— planes, and that a are suddenly and 
orcibly made to approach, each aap in ing 
driven against the intercepted ig sphere 


ive it a succession of impulses causing it to rebound 

Pewee my Boe Or to 
take if possible a still more simple ill ? if an 
india-rubber ball be rebounding between the ground 
and the hand, and the hand be suddenly brought 
down upon the ball (in which act the hand hes 
the ground), then the ball will, as is well known, 
rebound backwards and forwards with greater 
energy due to the succession of impulses received 
by the approach of the hand. The same considera- 












7 
























































334 ENGINEERING. [Aprit 28, 1876. 
tions hold true of any a oscillating mass] of the operation of the same physical conditions. | motion is converted into translatory motion ; and con- 
of matter whatever, and therefore of the, If the question be analysed, then, it mck be truly | versely, whenever the planes each other, 
column of ether in between tw d that there exists no other conceivable explana./the intercepted oscillating gains vibratory 
molecules in the act of . Thea of j tion of the means by which he suale recession of | motion, or motion is converted into vibra- 
molecules (as in the act of compressing 3 ) | the molecules of a mass of matter (in the act of ex- | torymotion. So when two molecules recede from each 






















































pansion) should cause waves of reduced energy to be 
generated in the surrounding ether, than that above 
given. 

6. Combustion —We can now turn again to the 
case already noticed of the combustion of coal, and 
we now have an insight into the mode in which the 
waves of heat are developed in the process of com- 
bustion. When the vibrating molecules of-coal and 
air are urged togethes (in the process of combus- 
tion) by the us ether pressure upon their remote 
sides—brought into action by the rarefaction of the 
intervening ether thrown into forcible stationary 
vibration the vibrating molecules—then the pair 
of vibrating molecules in their approach are driven 
at so high a velocity against the oscillating column 
of ether intercepted between them, that the vibra- 
tions of the colamn and of the molecules are raised 
to such a degree that the waves generated in the 
surrounding ether become capable of affecting the 
eye, or the coal becomes luminous. 

7. The Interconvertibility of Translatory Motion and 
Vibratory Motion.—It will be found that certain 
governing principles of extreme simplicity underlie 
the nt complexity of the molecular actions ; 
simplicity being the absolutely indispensable condi- 
tion to the orderly working of physical phenomena, 
as to any system of order. Simplicity is recognised 
as the governing principle of constructive mechanics. 
Simplicity is therefore just as essential to the 
proper and orderly working of the molecular 
mechanism of the steam engine (the mechanism of 
the fuel) as it is to the larger scale mass mechanism, 
without which the proper performance of its 
functions by the mechanism would be impossible, 
or simplicity must be an essential characteristic of 
the molec actions generally. 

8. It will therefore be our purpose to show that 
but one simple principle, t.c., the mutual interconver- 
tibility of translatory motion and vibratory motion, 
underlies the whole apparently complex system of 
the molecular actions, 

We will first consider more closely how these two 
forms of motion are converted into each other, 
having already partly dealt with the subject. The 
principle involved admits of being illustrated in a 
very simple manner, Taking the previous illustra- 
tive case of an elastic sphere rebounding backwards 
and forwards or oscillating between two parallel 
planes. Then as we before considered, when the 
two planes are forcibly made to approach or are 

towards each other, the intercepted sphere 
is thereby made to oscillate or vibrate backwards 
and forwards with greater energy. Here, there- 
fore, we have the translatory motion of approach 
of the planes converted into a vibratory motion 
of the in sphere. So when two molecules 
approach (as for example in the case of chemical 
combination) the t tory motion of approach of 
the molecules is converted into a vibratory motion 
of the intercepted ether column (and of course a 


therefore causes the column of ether intercepted be- 
tween any pair of the molecules of the mass to 
oscillate or vibrate with greater en » and 
therefore the molecules themselves which vi in 
synchronism with the column are caused to vibrate 
with greater energy ; for any increase in the energy 
of vibration of the column will affect the syn- 
chronously vibrating molecules just as (conversely) 
any increase in the energy of vibration of the mole- 
es will affectthe column. Since therefore by the 
movement of approach of the molecules, the column 
of ether intercepted between them and the molecules 
themselves are caused to vibrate with greater energy, 
these vibrations will necessarily generate waves of 
ter energy in the surrounding ether. Hence it 
ollows as a n inferenee, deducible before 
hand, that by the compression ‘of a: mass of matter, 
or by the approach of generally, waves of 
increased energy will be generated in the surround- 
ing ether, as is observed to be the case in the actual 
fact. Therefore from simply ene ioe out the 
necessary logical sequence of our previous inferences, 
we have been unavoidably led up to an explanation 
of the mode of development of heat by compression 
(or by the ap of molecules generally), this ex- 
planation being simply the necessary deduction from 
previous conclusions, of the truth of which conclu- 
sions the result therefore forms the confirming test. 
In fact, if the question be fairly considered, ' it will 
be found that there exists no other conceivable way 
of explaining the observed effect than that above 
deduced ; for by what other conceivable means could 
the mere movement of approach of the molecules of 
a mass as takes place in the act of compressing it, 
cause waves of increased en to be generated in 
the surrounding ether, as is observed to be the fact. 
It is of course clear that not alone the molecules 
themselves, but also the column of ether intercepted 
between them can itself constitute a source of waves, 
for an oscillating mass of ether can constitute a wave 
generator in the ether (or is capable of becoming a 
source of heat waves) ; as an oscillating mass of 
air—suchas the oscillating air column in an organ pipe 
—can constitute a wave generator in the air (or can 
be a source of sound waves). The compression of 
a mass of matter by throwing the ether enclosed be- 
tween the vibrating molecules of the mass into a 
more energetic state of stationary vibration can 
thereby generate waves in the ether—even if the 
a vibrating molecules of the mass were 
not thereby themselves thrown into a more energetic 
state of vibration. 
5. The same considerations serve equally to ex- 
lain the converse case of the absorption of heat 
by the recession of molecules, as in the expansion of 
matter generally. When amass of matter expands, 
and does work during its expansion, the effect pro- 
duced is such that ‘‘ cold” is said to be developed. 
Or to eee —s analyse the case ; the movement of 
the mo! the substance in the act of doing 


a 


other, the intercepted oscillating ether column loses 
vibratory motion (or there is a loss-of heat); and 
conversely, when two molecules approach each 
other, the intercepted oscillating ether column gains 
vibratory motion (or there is a gain of heat). By 
the recession of the molecules vibratory motion 
(heat) is converted into translatory motion, and by 
the approach of the molecules translatory motion is 
converted into vibratory motion (heat). 

10. Collision.—The collision cr interchange of 
motion between masses of matter affords an instance 
of the interconvertibility of translatory motion and 
vibratory motion. Thus when two masses of matter, 
such for example as two ivory-balls, come into colli- 
sion, heat is developed ; and conversely at the re- 
bound of the balls heat is absorbed. ‘The molecules 
of the balls are normally in a state of intense vibra- 
tion, it being a known fact that at normal tempera- 
ture all matter is generating waves of at energy 
in the surrounding ether. - When therefore the balls 
proach previously to rebounding, the intercepted 
m of ether is thrown by the vibrating molecules 


into a state of intense stationary vibration, and by 
the pulsations of the film of ether the balls are driven 


backwards. The vibrating film is forcibly com- 


pressed at the collision of the balls and thereby 
thrown into a state of more intense oscillation, and 
conversely at the rebound of the balls the pulsations 
of the film which drive the balls backwards are 
diminished in intensity. "When the vibrations of the 
film are raised in intensity, this more intense vibra- 
tion communicates itself to the adjacent (synchro- 
nously) vibrating molecules, thereby causing an 
accession of vibratory motion (heat); a precisely 
analogous but converse effect taking place when the 
vibrations of the film are diminish 
the rebound of the balls. 
(collision) of the balls, the translatory motion of the 
balls is converted into vibratory motion (heat); and 
conversely at the recession (or rebound) of the balls 
vibratory motion (heat) is converted into translatory 
motion, 
developed in the interior of the balls, for the ether 
within the balls (i.e., in the molecular interstices 
between the vibrating molecules) is normally in a 
state of intense stationary vibration due to the re- 
flection of the waves in all directions ; so that when 
by the compression attendant on the collision the 
molecules of the balls approach each other, the 
oscillating ether column intercepted between any 
pair is forcibly compressed, and thereby its vibrations 
raised in intensity, 

interior of the balls 
is very great the waves developed by the above 


in intensity at 
Thus by the approach 


Obviously in this case part of the heat is 


heat being thus developed in the 
. When the velocity of collision 
rocess become capable of affecting the eye, as 
ustrated for éxample by the collision of small 


masses of matter (termed meteors) in the earth's 
atmosphere, which become luminous, By the col- 
“ps of distinct or separate molecules (the molecules 
° 


against each other, precisely the same con- 


work causes waves of less energy to be generated in the | vibratory motion of the molecules themselves which | siderations apply as to the collision of masses 
surrounding ether. us when a mass of matter, as,| vibrate in synchronism with the column), The|(groups of aggregated molecules) against each 
involved at chemical combination consists, | other, 









for instance, a volume of gas, is caused to ¢ d, 
any pair of its molecules recede from the oscillating 
ether column intercepted between them. Taking 
again our illustrative case of the elastic sphere oscil - 
lating between two  skomion surfaces or planes. Then 
if the planes recede from each other, the intercepted 
sphere will lose a certain. amount of velocity by 
transference to the planes; for, as is well known, 
when a mass rebounds from a receding surface, the 


first step 
therefore, simply in the conversion of translatory 
motion into vibratory motion (‘ heat”). 

9. We have now to ider the converse process 
by which —— motion is converted into trans- 
latory motion. e will suppose the two parallel 
~~ surfaces in the previous illustrative case to be 

reely movable, but to be curbed or controlled in 
such a way that‘they just balance against the pres- 
sure due to the impacts of the intercepted sphere, 
and remain in ibrium at a constant distance 
a When the intercepted sphere vibrates back- 
wards and forwards between the planes with ex- 
tteme rapidity, its impacts against the planes will 
follow each other in such rapid succession as to 
produce an appreciably constant pressure tending to 


between them (and which is in a state of stationary 
vibration or oscillation) the column thereby loses 
velocity, i.e., oscillates with less energy, or in other 
words the column loses vibratory motion. Ihe 
molecules, therefore, which vibrate in synchronism 
with the column also lose vibratory motion, and 
thus both the molecules and the vibrating colymn 
now generate waves of leas energy in the surround- 
ing ether. It follows, therefore, as a fact deducible 
beforehand, that when molecules recede from each 
other, as takes place in the act of expansion of a 
mass of matter, the molecules of. the mass will 
generate waves of preg ag: Ae the surrounding 
ether, as is observed to be. the case. The absorp- 
tion of heat in the act of expansion (or by the re- 
cession of molecules generally), therefore, admits of 
being deduced as the equally necessary consequenee 


vibratory movement, of. the mn or sphere be 
planes will ba ne Songenehle te witheiond the your- 
es Wi no longer to wi pres 
= planes will be driven 
rther apart. , sphere 
will obviously lose velocity: by transference to the 
planes, the vibratory motion of the sphere being) 
thereby converted into a translatory motion of the 
planes. Asa fact, therefore, whenever the: 
recede each other, the intercepted oscil-. 

ing sphere loses vibratory motion, or vibratory” 








separate the planes.. If..now. the rapidity of the) peri 

Clearly the irregular translatory motion possessed 

by the: molecules cannot possibly genera 

waves of regular periods; and even if the translatory 

ae were 
nce 


The periodic vibrations of the molecules whi 
place within small limits. produce -these waves, the 
vibrations increasing im amplitude by increase of 
temperature but remaining constant in period. That 


11. Cause of the Dependence of Temperature and 


Pressure in Gases.—It is a known fact that in the 
case of gases temperature and pressure are mutually 
dependent. The above deductions regarding the 
interconvertibility of translatory motion and vibratory 
motion will serve to throw a light on the cause of 
this. It is important to keep in view that the mole- 
cules of gases 
tion to their translatory motion, the vibratory 
motion by 

stituting the 
motion by the impacts of the molecules 
confining rece 
g 
tion they ,could-not generate «waves ‘of regular 


88 a vi motion in addi- 
—— waves in the ether, con- 

eat of the gas, and: the translatory 
against the 
e pressure of the 


tacle, producing th 
om ter were in vibra- 


as, Obviendly unless the 
iods in the ether as is observed to be the fact. 
te these 


it would be far too slow to pro- 




















Aprit 28, 1876.) 


ENGINEERING», » 


335 - 





the molecules of gases a vibratory motion 
in addition to their motion, is also well 
proved by the fact observed by Tyndall that the 
molecules of bodies, whether in the solid liquid or 
gaseous state, have the same selective absorptive 

owers, i.c., are capable of taking up the motion of 
waves of the same periods in a// states. It is a known 
fact that a molecule can best absorb (é.¢., take up the 


motion of) waves of that period which the molecule | 


itself emits, or a molecule can best take up the 
motion of waves of a period coincident with its own 
vibrating period. Thus it was observed that the 
vibrations of the vaporous molecules of water formed 
by the combustion of hydrogen were specially 
absorbed by a mass of liquid water, thus proving 
that the special vibrating period of the vaporous 
molecules of water at the temperature of the hy- 
drogen flame was coincident with that of the mole- 
cules of liquid water at normal temperature. Ice, 
water, and steam are observed to possess the same 
selective absorptive powers. If, therefore, a mole- 
cule of steam can take up the motion of waves of the 
same precise period as a molecule of ice, this proves 
(as pointed out by Tyndall) that the molecule of 
steam possesses vibratory motion of the same period 
as the molecule of ice; or this confirms our con- 
clusion that the molecule of water in the gaseous 
state possesses a vibratory motion in addition to its 
translatory motion. The difference between water 
in the form of steam and water in the form of ice 
consists, therefore, simply in the fact that the moile- 
cule of steam possesses a free translatory motion in 
addition to the vibratory motion which it already 
had as ice; or, generally, the molecules of gases 
possess both a vibratory motion and a translatory 
motion, the vibratory motion generating the waves 
of heat, and the translatory motion producing the 
pressure, 

12. By the interchange of motion between two 
gaseous molecules therefore—such as two mole- 
cules of air—precisely the same phenomena occur 
as by the interchange of motion or collision of 
masses. When the two molecules approach pre- 
vious to rebounding, the vibrating column of ether 
intercepted between the pair of molecules, and by 
whose pulsation the molecules are driven backwards, 
is forcibly compressed by the momentum of ap- 
proach of the molecules, and thereby the vibrations 
of the column are raised in intensity, The two 
molecules therefore come to rest previous to re- 
bounding by conversion of their translatory motion 
into vibratory motion ( heat); and conversely at 
the rebound, the pulsations of the column by which 
the molecules are driven apart are reduced: in in- 
tensity, or vibratory motion is converted into trans- 
latory motion. The two gaseous molecules therefore 
in their interchange of motion are alternately heated 
and chilled, their vibrating energy being increased 
at their approach and diminished at their recession. 
This is, therefore, in perfect analogy with what is 
known to be the fact by the interchange of motion 
of visible masses (groups of a ted molecules), 
the two masses being heated at the impact and 
chilled at the rebound, Of course it is well known 
that the mass is on the whole heated by the collision, 
so that the gain of heat at the impact is somewhat 
in excess of the loss of heat at the rebound, this 
being the natural consequence of the fact that the 
vibrating film or column of ether is condensed by 
the compression, whereby more work is necessarily 
done upon it than if it were not condensed ; while 
conversely at the rebound the ether] is rarefied, 
whereby it does less work and therefore loses less 
vibratory motion than would otherwise be the fact. 

13. By the interchange of motion, therefore, 
normally going on among the molecules of a gas in 
their free translatory motion, there must be a con- 
tinual conversion of translatory motion into vibra- 
tory motion and vice versé. An equilibrium of 
motion, therefore, naturally establishes itself be- 
tween the translatory motion and the vibratory 
motion, possessed by the molecules of a gas, or by a 
given energy of vibratory motion there must always 
be a corresponding energy of translatory motion. 
This therefore serves to show how temperature and 
pressure are mutually dependent in the case of 
gases, the heat of the gas consisting in the vibra- 
tory motion (whereby the waves of heat are gene- 
rated in the ether), and the transl motion pro- 
ducing the pressure. The very fact, therefore, that 
the translatory motion and vibratory. motion of the 
molecules are interconvertible and mutually depen- 
dent, renders temperature and pressure mutually 


dependent. rene 
14 The Gay Lussac Experimen{.—Asa good illus- 


tration of the interconvertibility of translatory mo- 
tion and vibratory motion, wemay ider the well- 
known expériment o: ly due to Gay Lussac in 
which two vessels are connected, .the one’ being 


filled with air;and the other exhausted, . Then on 


opening the connecting pipe the air streams out of 
one vessel into the other, the air being thus chilled 
in the one vessel and heated in the other, - When 
the connecting tap is opened the molecules of. air 
rebound from each other in translatory motion into 
the second vessel. In this act the vibratory motion 
(heat) of the mclecules is converted into transla 
motion, and accordingly in the first vessel the air 
chilled. When the molecules strike inst the 
base of the second vessel translatory motion is con- 
verted into vibratory motion, and thus the heat is 
restored. 

15. An endless variety of examples might be given 
illustrative of the interconvertibility of these two 
fundamental forms of motion (translatory motion 
and eee eer ; indeed, from the very fact 
that the working ba ysical phenomena generally, 
including all the endless cases of chemical reactions, 
decompositions, and recompositions, consist funda- 
mentally in translatory movements of approach and 
recession of molecules, and since all molecules on 
the earth’s surface are known to an ex- 
treme intensity of vibratory motion (due to the 
forcible waves of heat emitted by the sun), it 
follows as a nat consequence that these two 
forms of motion (translatory motion and vibratory 
motion) must be concernedin a most intimate manner 
with the movements and actions of masses and 
molecules of matter, and must have a most impor- 
tant part to play in physical phenomena ; indeed 
there is perhaps scarcely a movement produced in 
matter in which these two interconvertible forms of 
motion are not concerned, 

16. The Cause of the Cooling of a Heated Wire by 
the Presence of Hydrogen Gas.—The well-known 
observation of thesudden cooling of a wire—glowing 
by the passage of an electric current—when the wire 
is surrounded by hydrogen gas, forms a beautiful 
illustration or consequence following from the theory 
of Joule and Clausius as to the gaseous constitu- 
tion, taking also into account the vibratory motion 

ossessed by the molecules, The molecules of 
Soden in their normal translatory motion are 
continually impinging against the heated wire. 
Each molecule when it approaches the wire receives 
a small addition to its vibratory motion due to the 
waves generated in the ether by the wire. The mole- 
cule then as a little carrier automatically conveys— 
throughits normal translatory motion—the vibratory 
motion (heat) to an adjacent molecule. Now it 
is evident that the velocity with which this vibrator 
motion (heat) is carried off from the wire wi 
depend on the velocity of the carriers (7.c., the mole- 
cules of hydrogen). It has been deduced by Joule 
that the molecules of hydrogen possess a normal 
velocity of about 6000 ft. per second, this velocity 
being exceptionally high, or about four times greater 
than that of the molecules of air. The exceptional 
cooling power of hydrogen therefore is evidently the 
natural consequence of the exceptional normal 
velocity of its molecules; indeed it must be 
apparent as a general case that the cooling power 
of a gas must: depend, - cateris. paribus, on the 
normal velocity of its molecules. ‘he greater the 
normal velocity of the molecules, the greater in’ pro- 
portion is the velocity with which through their 
normal interchange of motion the vibratory motion 
(heat) is transmitted from molecule to molecule 
through the gas. 

It is well to observe that the cooling power of 
hydrogen due to this special action does not depend 
on the formation of currents in the gas ; but since the 
motion of the molecules takes place in a// directions, 


the cooling due to this cause would be independent | g99 


of the position or form of the vessel, and would take 
place both downardsand upwards, and independently 
of the fact whether facility were given for. the 
formation of currents or not. This probably con- 
stitutes the reason why some have imagined hydrogen 
to conduct heat like a metal. 








THE PENNSYLVANIAN CoAL TrADE.—The Philadelphia 
and ing Coal and Iron Company has been sinking a shaft 
at Middle ik, and has found an abundance of coal. 
In the year ending November 30, 1875, the Lehigh Valley 
Railroad: Company carried 3,277,572 tons of coal over its 
lines ;. the corres 
Novembér ‘30, 1874, amounted: to 4,150,660 tons. TI 
membef¥ of‘ the Schuylkill Coal’ Exchange have been dis- 

ing the i of resuming coal mining operations ; 
ithe action of the Phila. 
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A NEW SYSTEM OF PERSPECTIVE 


WITH) GEOMETRICAL LINES OF CONSTRUCTION. 
DUCTION. . 

‘Tuere can be'no progress made in the cultivation 

of perspective as a science without at least a general 
knowledge of the leading principles of optics, there- 
fore if we can determine a period in the world’s his- 
tory when, according to our present ideas, optical 
knowledge was absurdly deficient, there will be 
little use in going further back to search for traces 
of the treatment of perspective in a scientific 
— of view; for even if a more correct know- 
edge of optics and perspective had existed in 
very remote times, all records on the subject must 
evidently have been lost. From about 600 to 
500 B.c., we find there was a doubt whether objects 
become visible on account of something p: ing 
from the objects, or on account of something that 
issues from the eye of the spectator. It was the 
Pager of Pythagoras, who lived during that period, 
that vision is produced by particles constantly 
flying off from the surface of Totten and entering 
the pupil of the eye, but Empedocles and Piato, 
between 400 B.C, and 300 B.c. supposed that fhe cause 
of vision is eg wee ea from the eye, which 
meeting with somethi rd else that proceeds from 
the object is thereby reflected back again (‘‘ Saver- 
ren’s Histoire,” 236). Empedocles and Plato ap- 
pear to have had rather vague and confused notions 
with regard to optical phenomena, and therefore it 
is more than probable that they and their followers 
knew nothing about perspective. Aristotle main- 
tained—contrary, he says, to the opinion of Em- 
pedocles and some others—that light is incorpo- 
real, If it were not a mere quality, but a real 
substance, the motion of it, he observes, must be 
appreciated as it passes from east to west, although 
it might escape notice when the distance of its 
transit was inconsiderable (‘* De Anima,” lib. ii., cap. 
6). From 300 to 200 8.c., Me oy and his followers 
are said to have advocated the following theory, 
** As we feel bodies at a distance from us by the 
intervention of a stick, &c., the eye perceives them 
by the intervention of light.” 

During the —— = the — era we find 
Seneca accounting for the magnifying power of a 
glass globe filled with water as follows: “* Quod 
acies nostra in humido labitur, nec apprehendere quod 
sult fidelitur potest.” 

During the centuries immediately succeeding the 
Christian era, Alexander Aphrodisiensis, a com- 
mentator upon Aristotle, informs us that the reason 
why apples appear large when they are immersed 
in water is, that the water which is contiguous to 
any body is) affected with the same quality and 
colour, so that the eye is deceived in imagining the 
body itself to be larger. 

The date of the writings of Heliodorus Larisseus 
is uncertain, but as he makes mention of Tiberius, 
who lived during the fourth century, we know that he 
must have written subsequent to that period. He was 
of opinion that vision is performed by the emission 
of light from the eye, in which respect he says it 
resembles the sun, visual rays and solar rays being 
reflected in the same manner, These circumstances 
he thinks are sufficiently evident from the form of 
the eye, which being protuberant is by no means 
formed for the reception of anything,| and also 
from the consideration that some animals are able to 
see in the dark (lib, i, caps. 1, 2, 3, 18). The 
opinions of these ancient philosophers are rather ob- 
seurely expressed, but from the little we can 
collect we think we may éafely come to the con- 
clusion that in their times the science of perspective 
was not understood. 

If, however, we are to believe the records which 
have descended to us, pective has been treated 
as a science and has studied for more than 


years. : 
During the dark ages of E , optics, with other 
branches of mathematics and philosophy, were culti- 
vated chiefly by the Arabs; the first optical writer 
of this nation that we have account of is Al Farabi, 
who lived a.D. 900, but of his work we know nothing. 

In.D, 1000 Ebn Haithem wrote more fully on this 
subject, but his treatise is also lost. The only work 
that remains to us of the Arabian phi ers is that 
of Al Hazen, who lived during the tw: century ; 
from his work it ap that the Arabs of tha 
_— were not ignorant of the rules of perspective. 

is work is quoted by Roger Bacon, who also wrote 


on e. Vitellio also, a native of Poland 
took ‘great paitis 6 flusteate Al Hasen’s-werks in « 
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THE ENGLISH BOILER HOUSE AT THE PHILADELPHIA EXHIBITION. 
MR. HENRY PETTIT AND MR. J. M. WILSON, ENGINEERS ANDA RCHITE OTS. 
(For Description, see Page 331.) 
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, 
them we know nothing, since none of their writings | person who attempted to lay down rules of per- 
have escaped the general wreck of ancient literature Care: was Pietro del Borgo, sometimes called 
during the dark ages. Amongst the oldest writers | Pietro Borghese, or della Francesca, born in 
on perspective we find Bartollomeo, of Milan, whose | Urbania, 1398. He supposed objects to be placed 
work is dated 1440, but it is supposed that the first | beyond a tablet and endeavoured to trace the 


structed by Aischylus, was the first who in Euro 
wrote upon this subject, and that afterwards the 
rinciples of this art were more clearly taught by 
Deneuiienand Anaxagoras, the disci les of oe 
tharcus. Of the theory of this art as desoribed y 
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a ee light emitted from them 
would make upon it, but we do not know what 
success he had in this attempt, because the book 
which he wrote on the subject is not now extant ; 


it is, however, noticed and much praised a 
inci bert 


thazar Perussi, of Sienna, studied the writings of 
Borgo and endeavoured to make them more in- 
telligible. Since this period numerous works on 
—— have appeared in different countries of 

lists of which will be found in the intro- 


erspecti 
H. Fielding, 1843, and in ‘‘ Traité Pratique de Per- 
spective,” par A. Cassagne, Paris, 1873. 

In modern times improvements were made in the 
rules of perspective by Professor Gravesande, and 
still more by Dr. Brook Taylor, who treats the 
matter in a more generalised form than those who 
preceded him. We have now numerous works on 
the subject of perspective in different 

During all this long period the same method of 
— construction seems with certain modi- 

cations to havebeen adhered to. Beforeproceeding 
to the description of the ome of perspective we 
are about to propose, we give a short general 
outline of this system as it is generally exhibited in 
modern works on the subject. 

It seems now to be erally considered neces- 
sary, or at least desirable, to avoid what is called 
theoretical reasoning and exposition of first prin- 
ciples, and to convey instruction in perspective 
r ssyer or aemes -~ rules the ome founda- 
tion of which are left unexplained, an particular 
examples which are frequently found to be =e 
plicable or lexing in practice, even with 
assistance of elaborate means of construction. This 
leads the draughtsman often to trust al to 


application, concealing doubtful points and lines 
by some clever combination of light and shade. But 
perfectly true — in the and promi. 
nent objects of a picture and approximately true 
perspective are two different things, and it is only 
necessary to see them compared in order to feel the 
difference of the sensation produced, . 

It is difficult to understand why the young artists 
of the present day, whether professional or amateur, 
should be considered incapable of understanding, 
or too indolent to acquire the simple rudimentary 
optical and mathematical knowledge involved in the 
first principles of the science of perspective. When 
these principles are once unde the rules are 
no pons ~ Shy egy burden to the memory, and may 
be i to suit the occasion when unexpected 
difficulties arise. Perspective is a mathematical 
science founded upon optical principles. We can- 
not make it anything else, and it will be best to treat 
it like all other sciences, and commence with first 


ee 

In resent system the ition occupied by 
the eye of the observer is the station, A 
vertical plane perpendicular to the prolongation of 
the axis of the eye at the moment of .observation 
ata oe perpendicular distance from the station is 
call ee pena pone the given distance 
being called the line of distance or distance of the 
picture ; the point of intersection of the line of dis- 
tance with the perspective plane is called the point 
of sight. A horizontal plane passing through the 
station and point of sight is called the horizontal 
plane, and a vertical plane passing through the 
same points is called the vertical plane; the inter- 
section of the vertical plane with the perspective 
plane is called the vertical line. ; 

The fundamental ve ge be onere in any 
system of perspective is the following: The position 
of a point in 8 being determined by certain 
data obtained from horizontal plans, elevations, 
sections, or otherwise, to find the pag ys sl 
spective projection of such point upon the surface 
of the picture, ‘ 

The solution of this fundamental problem being 
discovered, the rest is a mere matter of detail, for 
if we can project one point we can project two, and 
the line joining the two projections must evidently 
be the projection of the line in space lying between 
them. If we can project one line we can project 
two, and the lines joining the extremities com- 

lete the perspective representation of a plane sur- 
‘ace; if we can project one plane we can project 
two, and the lines joining the angular points of the 
projection will complete the perspective representa- 
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tion of a solid. Without going further into detail, 
it will be evident that the whole su ure of 
perspective in any given system can be raised upon 
the solution of this one fundamental problem. 

Up to the present time it appears that the solu- 
tion of this problem has been made to depend upon 
the following principles. It may be supposed that 
every point in spaceis situated in a horizontal r 
either coincident with the horizontal plane ing 
trough the station, or at some given vertigaldistance 
above or below it; this distance is -called the hori- 
zontal distance. If we can find the means of pro- 
jecting two lines given in direction situated in the 
same horizontal plane, and both passing through 
the given point, the point of intersection of thé 
projections will evidently indicate the projection of 
the given point. The first part of the problem 
therefore resolves itself into the following: ‘To 
project a line situated in a horizontal plane per- 
spectively; the horizontal distance and the angle 
of inclination of the given line to the vertical plane 
being given as well as'the distance of the point of 
contact from the vertical line. 

If we suppose a plane of unlimited extent to re- 
volve upon an axis passing through the station 
point in any given direction, we can always cause 
the revolving plane to pass through any given point 
whatever in space situated in front of the perspec- 
tive plane. 

It will then be evident that a ray of light: pro- 
eceding from the given point to the station where 
the eye of the observer is placed, must lie alto- 
gether in the revolving plane at the moment 
of its contact with the given point, and the line of 
intersection of the revolving plane with the C~ 
tive plane must eotinte went be the locus of the 
perspective projection of the given point. 

So long’as the axis of revolution is situated 
in a vertical plane passing through the station, 
and parallel to the perspective plane, the line of 
intersection of the revolving plane with the per- 
spective plane will evidently be allel to the 
axis. If the axis is in such case horizontal,’ the 
line of intersection of the revolving plane with 
all horizontal planes will be also parallel to the 
axis, but if the axis of revolution be vertical, 
such lines will be oblique to the axis, unless the 
plane passes through the vertical line, their pro- 
jection on the perspective plane being represented 
by vertical lines. 

Lines, the perspective projection of which are 
thus formed, are called by the French writers on 
Hes ages ** Droites de Front.’ Ifthe axis of revo- 

ution should not be situated in thé vertical plane 
passing through the station, and lel to the 
perspective plane, but in a horizontal plane passing 
through the same point, the line of intersection 
of the revolving plane with all horizontal planes 
will be parallel to the axis, while the lines ‘of 
intersection with the perspective plane are either 
horizontal or else oblique to the horizontal plane, 

When the axis of revolution is horizontal and 
situated in thé vertical plane passing through the 
station, and lel to the perspective plane, 
the lines of interséction with all horizontal planes, 
and also with the perspective plane being parallel 
to the axis and consequently to each other, it will 
be evident that the lines of intersection with 
the horizontal planes can never intersect the per- 
spective plane, however far they may be produced ; 
but in all other cases they do intersect the perspec- 
tive plane, and in these cases the common point of 
intersection of the revolving plane, the horizontal 
plane in which the given line is situated, and the 
perspective plane, is called the point of contact, 
while the point of intersection of the axis with the 
perspective plane is called the vanishing point. 

The perpendicular distance measured on the 

und line of the point of contact from thé vertical 
ine being determined by means of horizontal plans, 
or otherwise, if we can determine also the distance 
of the vanishing point on the horizontal line from 
the -vertical line, we shall have determined the 
position of two points on the plane of the picture, 
and the line joining them will evidently be the re- 
quired projection. 

If we ~ ee the horizontal plane in which the 
given point is situated to approach the horizontal 
plane passing through the station until the two 
planes become one and the same horizonal 


the horizontal distance becoming equal to 6. and 
the horizontal and ground lines coincident, it will be 
evident that the relative positions of the point of 
contact and the vavishing point with peguite 


to the 





vertical line (now represented by the point of sight, 
are not altered. Consequently in the geometrical 
solution of ae of —— it nay — 
that the axis and the given point are sup 

in the same horizontal plane. It will be 
evident that when the axis is perpendicular to the 
perspective plane, the vanishing point will be coin- 
cident with the point of sight, and when it is at an 
angle of 45 deg. with the line of distance it will be 
at a distance on the horizontal line from the point 
of sight equal to the line of distance. 

(To be continued.) 





THE BARRAGE OF THE NILE.—No. VI. 
In criticising the type of sluice adopted for 
the Rosetta barrage, we have necessarily referred 
incidentally to the present condition of the mass 
of béton constituting the foundation and apron 
of the said barrage, because the stren and 
endurance of the apron is a measure of the force 
which should be suffered to take effect upon it, 
and: consequently the end of adopting an 
given type of sluice will be dependent chiefly 
upon the condition of the béton and its ability to 
withstand the action of the descending river as con- 
trolled by the given sluices. But it will be obvious 
that in considering the condition of the foundation, 
merely as regards its ability to withstand the pound- 
ing and tearing action of the rushing water, we have 
far from exhausted the subject. It would be a com- 
paratively small matter to case the whole of the 
apron in wrought-iron _, which would effec- 
tually guard against any displacement of brickwork 
or masonry, but we should not pan veg A have ad- 
vanced more than one step towards our desired end 
of placing the barrage in a position to perform all 
the duties originally contemplated. Again, at Low 
Nile, as we have seen, every drop of water in the 
tiver could be thrown into the main canals, and 
there need be none falling over the sluices, yet not- 
withstanding that the superstructure has been shown 
to be strong enough to resist a far greater statical 
head, we have no guarantee that the whole struc- 
ture would not be — bodily down the river 
long before the water had backed up to the pro- 
extent of 15 ft. ‘To form an opinion upon 
this point we must first know ayeeoy | about the 
material upon which the barrage rests, the depth to 
which the foundations have been carried, and other 
matters to which we will now address ourselves, 
Several borings have been made at and near the 
site of the barrage, but with a negative result: so 
far as finding a suitable stratum for the foundation 
of such a work is concerned ; the deposit of fine 
sand constituting the immediate bed of the river 
being as good a material as anything else occurrin 
within a depth of 100ft. We have been favonred 


Senaailont f 





by Mr. Fowler, the Khedive’s engineer-in-chief, 
with particulars of a recent boring made by him at 
the east end of the Damietta . Fromthe section 
annexed it appears that the strata generally consist 








of thick layers of very fine running sand with inter- 


vening veins of coarse sand, shingle, and a peculiar 
deposit, hard and compact when dry, but dissolving 
at once in water like so much salt. In making this 
boring a head of water had to be maintained in the 
tube to prevent the material flowing in faster at the 
bottom than it could be removed at the top, hence 
it must be conceded that the sand upon which the 
barrage rests is extremely mobile, and that as a 
consequence if a current of water, however small, 
were once established under the foundation, the 
whole work would be undermined in a very few 
hours. 

No more efficient means exists for the excavation 
or removal of such material as that found at the 
barrage than a jet or current of water. At the Tay 
bridge, after prolonged trials of various systems, the 
contractors have finally settled down to the latter 
plan, the sand being carried up hose pipes by a 
current of water induced by a partial vacuum in the 
vessels or receivers into which the hoses‘discharge. 
At the barrage unfortunately we have every facility 
for initiating unintentional excavations in much the 


7 | same way. We have a head of 15 ft. which is far 


more than is wanted to drive the sand up a hose, 
and we have a mass of imperfect béton with many 
fissures, each of which om» rform the functions 
of a hose and conduct the sand from underneath the 
foundations. The only method of effectually guard- 
ing against such a contingency is by carrying the 
foundations down to a sufficient depth through the 
fine sand of the river bed—not with the view of 
reaching a more stable material, but in order to 
interpose a thick layer of sand between the bottom 
of the river and the bottom of the foundation, 
through which the water must slowly filter before 
it can act upon the layer of sand upon which the 
béton immediately rests. If this be not done it 
is obvious that no matter how solid and perfect the 
béton foundation may be, the water is liable to 
creep underneath and carry away the sand from 
under the foundation at a quicker rate than it is 
replaced by the incoming current; and further, 
should the under-tow from the sluices remove the 
sand immediately below the apron, as in the in- 
stances on the Ganges Canal illustrated in our last 
article, the preceding action would be dangerously 
accelerated, which again indicates the vital necessity 
of carrying the foundations down to a sufficient 
depth. 

he question now raised is—‘‘ What is a suffi- 
cient depth?” and we need hardly remark that as 
this is not one of those questions which can be de- 
cided by an appeal to mathematical principles or 
direct evidence, it is one upon which much legitimate 
difference of practice and opinion obtains. me of 
these differences admit of ready explanation in the 
apparently slight but really important variance in the 
conditions in the several localities ; for instance, the 
river sand in one case may allow the water to flow 
freely through and in another act almost like puddle. 
We have known a foot or two of sand collected round 
a sump almost entirely arrest the drainage power 
of large steam pumps, and in s ing of the run- 
ning sand encountered in the Thames ‘Tunnel works 
Brunel remarked,* ‘ Bags of clay and gravel were 
not so effective when there were many stones, as the 
interstices did not become properly filled ; in such 
cases the coarsest river sand was a better material, 
the water ran through it at first, but it soon 
stopped.” Again, Major Haig, R.E., who had a 
large and varied experience in Indian irrigation 
works, proposed, notwithstanding much adverse 
criticism, to dam up the Godavery by a loose 
rubble mound no less than 40 ft. high in places, 
and he relied upon the dam being rendered staunch 
by the river sand, beca he had “ seen instances 
in which great leakages through a bank of loose 
stone, has been completely. stopped by simply 
choking up the interstices with small stones and 
gravel, and afterwards covering the slope with pure 
sand,” 

h. the — hand, with material such as os 
ordinary ‘‘ Nile deposit” percolation is comparatively 
rapid and jenighets. Tite is forcibly illustrated by 
the following di , showing the level of the 
Nile during the years 1867-68, and the correspond- 
ing level of water in wells, near Cairo, situated 
about ]4 miles distant from, and of course sup lied 
by, the river. Referring to the diagram it will be 
seen that from the middle of June to the middle of 
September the river is higher than the water in the 
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wells, but still the. gradient or slope of percolation 
is very flat—about 1 in 1000 as an average—whilst 
during the remainder of the year the gradient is 
reversed, and the water; which has saturated the 
soil: for many miles on each side of the river, drains 
back. intothé*channel. Itis-evident, therefore, that 
the material upon which the barrage is founded is 
not merely ‘highly mobile but very pervious to water, 
and there;can be no question that in this instance 
‘‘ sufficient” depth means exceptionally great. depth. 
A deep and narrow foundation, such as a concrete 
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or masonry wall sunk 50 ft. or 60 ft, below the bed 
of the river, would offer many advantages over the 
broad and shallow system of foundation adopted for 
the barrage. Notonly would the heavier weight per 
square foot on the foundation compress the subsoil, 
and thus render it more compact and stable and less 
permeable, but the sand above the level of the 
foundation would, as we have already observed, con- 
stitute a filter through which the water must, it is 
true, leak, but at too low a rate to injuriously affect 
the stability of the foundations. he latter fact 
may be proved by reference to Darcy’s experiments, 
where the discharge of a 14 in. pipe, filled at the 
bottom with sand to a depth of from 2 ft. to 6 ft. 
was carefully ascertained under heads ranging from 
3 ft, to 46 ft. Dupuit, in summarising these and 
other experiments, states that the discharge is 
directly proportional to the head and inversely 
proportional to the thickness of sand, and that for 
1 metre head and 1 metre thickness of filtering 
material the rate of percolation is 26 cubic metres 
per day for coarse sand, and 4.5 cubic metres for the 
finest sand, To check percolation, then, coarse sand 
is required as a matrix to give stability, and fine sand 
to fill up the interstices. With these materials, as 
Brunel found at the Thames Tunnel, the water will 
“run through at first but soon stop.” Assuming 
that the sand under.the barrage foundation always 
remained as permeable as Darcy’s filters, the amount 
of leakage would not beserious. If the foundations 
were carried down 15 metres below the bed of the 
river there would be 15 metres thickness of sand 
on the upper side of the barrage, through which the 
water must filter before it could pass under the 
foundation. Since the proposed head is 5 metres, 
by Dupuit’s formula the velocity of the water per- 
colating through the sand would not exceed } in. per 
minute with the coarsest sand, whilst it would be 
as little as; in. with fine sand, It is obvious, 
therefore, that.even-the exceptionally mobile and 
permeable sand of the Nile -would fail to be blown 
under a foundation of masonry or béton carried to 
a depth of 15 metres below the river bed, unless the 
head of water considerably exceeded the proposed 
5 metres. It is also obyious that the loss of water by 
leakage would notin all probability beof any practical 
importance as regards the efficiency of the irrigation 
done by the barrage works. In questions of this sort 
one fact is worth a volume of theories, so we will 
make a slight digression: te show what is the actual 
result or inconvenience, if any, as regards percola- 
tion in the instanceof ‘one of the longest of the 
Indian barrages—that on the Godavery river at 
Dowlaisweram, illustrated on 340. Colonei 
Baird Smith, R.E., in his well-known report on 
Indian irrigation,*.gives. the following description 
be ageet: Goce seer anicut or barrage : 

“The t very is throu f ; 
and in sueh soil are the hola of te Tousen saad 


Commencing from the eastern or left 
of the work is the Dow i 


ge naga 


* “ Irrigation in Southern India.” London, 1860. 


| the apron of rough stones, rw 


of a front curtain wall running along the whole length, 7 ft. 
in height, 4ft. in thickness at the » with footings 1 ft. 
broad on each side to cover the of the wells on which 
the curtain wall rests, and 3ft. thick at the summit ; 2nd, 
of a horizontal flooring or wasteboard, 19 ft. in breadth and 
4ft. in thickness : Sed, of a masonry counterarched fall 
28 ft. in breadth and 4 ft. thick, of which the curve is so 
slight that the form may be considered practically as that 
of an inclined plane. The wasteboard and tail slope are 
protected against the action of the stream by a covering of 
strongly clamped cut stone over all; 4th, of a rough stone 
apron in rear formed of the most massive stones procurable, 
and extending about 70ft. or 80ft. down stream.* This 
protects the rear foundation against the erosive action of 
the stream passing over the dam, and will be extended as 
circumstances may require. The body of the dam rests 
merely on a raised interior em ent or core of the 
common river sand, and no ns to strengthen this 
pin any way have been considered necessary. On the ex- 
treme left flank of the dam is a series of works, consisting 
of a lock for the passage of craft, a head sluice for an irri- 
gation channel, and an under sluice for purposes of scour 
and clearance from deposits. 

‘‘The second branch of the river is called the Rallee 
branch, and is barred by an anicut or dam 2862 ft. or 
954 in h. In section, this work differs a little 
from that just described. The [ge oe dimensions of the 
bodies of both are similar ; but the front curtain wall of the 
Rallee dam, instead of resting on a row of wells, is founded 
on a mass of nae stone, and this mass extends under the 
wasteboard or sill, and part of the curved tail, thus re- 
placing the core of river sand characteristic of the Dowlais- 
weram branch annicut by one of a more substantial kind. 
The rear foundations consist of a row of 6 ft. wells as before ; 


and the only difference in the rough stone rear a is the 
insertion along its length of a ining or bonding bar of 
masonry 4ft. in breadth by 3in. depth. The left flank 


revetments are similar, though not quite so long*as those 
formerly described. On the ri is an under sluice 


ing a roadway for cross communication. 

” —_ of the Muddoor branch dam, the third 
section of the 4 work, is 1548 ft. or 516 yards. Its 
section is isely the same as that of the Dowlaisweram 
dam ; it has the same front and rear foundations on wells, 
the same dimensions of the masonry body, which rests on 
a like core of river sand without any intermixture of heavy 


material. 

‘The length of the Vegaishweram branch dam, the last 
of the series, is 2584} ft. or org Beton In section it 
presents several small differences from any of the others, 
its height at the sill is 1ft. greater than the other; the 
thickness of the masonry of the body of the dam 6in., the 
breadth of the sill 3in.; and that of the tail 9in. more than 
the corresponding details for the other portions. The 
foundation and core of sand within the body are like those 
of the Dowlaisweram and Muddoor dams, but the front 
curtain wall is protected tp: — of rough stone about 
10 ft. deep and 6ft. or 7ft. wide, carried along its entire 
length. The rear rough stone apron is banded and 
strengthened at 20 ft. from the termination of the masonry 
tail by a bar of stone in mortar 6ft. wide by 2 ft. deep. 
With these differences in detail, the general arrangemen 
are the same as in the other branches. 

“Viewed as a whole, therefore, the Godavery anicut 
consists of a masonry dam in separate portions, the united 
length of which is 11,866} ft. or 39554 yards, being very 
nearly 2 miles of river channel blocked up by a solid, sub- 
stantial, well-protected mass of stone in lime cement, or 
without it, according to position, having a total breadth of 
base equal to very nearly 130ft., and height of crest or sill 
equal to 12 ft.”” 

The anicut or barrage above described rests, as 
Major Haig’ observes, upon a bed of coarse 
sand of unknown depth, through which an incessant 
percolation takes place, the water thus passing 
under the anicut and rising to the surface again 
below. There is at the same time a constant 
draught by the three main irrigation canals of the 
greater part of the available supply entering the 
pool above the anicut. Yet the water only falls a 
foot or two below the crest in the hottest weather. 
‘* How are we,” says Major Haig,t “to estimate 
the area of leakage surface or through how great a 
breadth of sand (for there is no mud) above the 
anicut leakage takes place? Reckoning 100 ft. only 
we should have upwards of a million square feet 
of — surface constantly leaking under a head 
of from 12 ft to 14 ft., and still the water level falls 
but little though the total supply in the river may 
be less than 3000 cubic feet per second.” The mean 
distance the water would have to traverse the sand 
to pass from above to below the anicut, upon the 
proceeding hypothesis, would be about 80 metres, 
and since the head is, say, 4 metres, the velocity of 





* The Ganges Canal Committee in their report published 
at Roorkee in 1866 state that the beeen anicut, in 
common with most other Madras works of the kind, has 
been considerably added to since first co . Thus 
from 70ft. to 80 ft. 
wide, is now from 120 ft. to 1 in width, and a second 
bar of masonry similar to that shown on Sections C—D and 
G—H has been built at a distance of 26ft. below the 
original bar to further aid in securing the stability of the 
rough stonework. 

+ Note on Second Barrier Works, Blue-Book (Godavery 
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right 
with eight small vents of 6 ft. each, and two large arches | and 


| @ considerable. distance, and each did a great 


filtration by Dupuit’s formula with a constant o 
15 cubic metres per day would be 15 <a 4— 3 metres 
per day = ft. per second, hence with the area 


of 1,000,000 square feet the leakage would only 


i , say, 300 cubic feet per second, or 10 


er cent, of the ordinary flow down the river in the 
ry season. 
th practice and theory then indicate that the 

leakage by reason of the sandy bottom upon which 
the Nile barrage is founded, exceptionally permeable 
though the sand is, would be quite immaterial if 
the foundations were carried down to the depth. 
necessary to insure the stability of the works wae . 
the pounding and erosive action of the falling 
water. 








NOTES FROM SOUTH -YORKSHIRE. 
SHEFFIELD, Wednesday. - 
The Sheffield and District Ironworkers.—The whole of » 
the men, cout the nine hours’ workmen, at the Atlas and 
Cyclops Works, Sheffield, are still out of employment, 
owing to their unwillingness to accept the reductions 
imposed by their by na At the Clay Cross establish~ . 
ment the whole of ironworkers are now under fourteen 
dope’ notice to leave, and at other local iron works consider-- 
able numbers of meu have been di . Messrs. 
Newton, Chambers, and Co., of the Thorncliffe Iron 
Works and Collieries, have damped out two blast furnaces 
and are disc ing a num men. railway 
companies in the district are limiting their train service 
discharging men. 
The Great Strike of Miners in South Yorkshire and 
Derbyshire.—There is little alteration to note in- tLe 
meral aspects of thestrike. There are, it is stated, some- 
thing like 30,000 men out, ber of topm 
i , and other employés, 
f 15 r on ae aaa ite as firml 
0 cent, yers are quite as iy 
sooitel ail te unke ty exohattion . Ataf 
the men have turned in at a reduction of 74 per cent on the 


order to bring them to the general level of the district ater 
er ie r 
the strike is settled. ' 


A New Railway Station for Ecclesfield.—Hitherta the 
large village of Ecclesfield, near Sheffield, has had no_-rail- 
way station nearer than that at Lane, on the South 
Yorkshire section of the Manchester, Sheffield, and Lincoln- 
shire Railway. Now, however, a station is being con- 
structed at the place itself, with six rooms fur the usual 
purposes, and suitable sidings. F 

Serious Accident at a Grinding Wheel.—On Friday Jast 
a grindstone weighing nearly a ton broke into four pieces, - 
whilst revolving at a high s in the Soho Grinding Waeel 
Bridge-street, Sheffield. The various sections were hurled” 

ount of--- 
comagh, besides injuring two men named Crofts and 
ides. 

The Price of Gas in Leeds.—The Leeds Gas Oo 
have determined to reduce the price of gas from 3s. 
3s. 3d. per 1000 ft. on and after July 1st next. 

The Leeds and Wetherby Railway—A furtber postpone- 
ment of the opening of this line of railway has been ne-, 
Ne ee ee ee having been ~ 
seriously affec' the recent rains and snowfalls. Other- 
wise it would have opened on May Ist. 


New Dock at the Port of Hull.—On Wednesday last the 


to . 


foundation stone of a new dock at Hull was laid by Sir 
William Wright, chairman of the Dock Company. The 
new dock will be co with the Albert ik, which 


mnected 
was opened in 1869 by the Prince of Wales. 
Ambergate Jumetion of the Midland Railway.—Owi 

to the opening of the new Codnor Park line of . » 
the development of Manchester traffic on the Derbyshiré 
branch, further alterations have been made at this bus 
junction. Six platforms, each 600 ft. in length and 16 ft. 
in width, have been constructed, and five waiting-rooms; 
each 76 ft. in length and 13 ft. in width, have been provided, 
All trains at present stop at this junction. : 





Ransome’s ArtivictaL SToNE.—The last Saturday's 
number of Chambers’ Journal contains an interesting 
article on artificial stone, in which is given a succinct ac? 
count of Mr. Frederick Ransome’s labours and invention _ 
in connexion with the manufacture of that material, and 
the preservation and of natural stones. Mr. 
Ransome’s first experiments in artificial stone-making date 
as far back as 1844, and the history of his successive trials 
and improvements is a most in ing one. § ing of 
the difficulties which had to be overcome, the writer in our 
eer aml line Sake isons wen Mag caad have peoeed 
energy, says: ‘To most men ve : 
pera rk but he was as fertile in resources as in- 
domitable in perseverance; and although constantly con- 
fronted by much that was discouraging, toiled on, studied 

, experimented untiringly to the extent of his know. is 
i Drogress was tlow and painfel, stil 1 
J is was . it was 
8 and at his toilsome and meritorious labours 
fave m 





with that success which perseverance in 
cause invalably porn ents 2m 
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THREE-CYLINDER ROLLING MILL ENGINE AT THE CYCLOPS IRON WORKS, OPENSHAW. 
CONSTRUCTED AT THE HYDRAULIC ENGINEERING COMPANY, LIMITED, CHESTER. 





WE give, above, an engraving of a large three-cylinder 
steam engine, made on Mr. P. Brotherhood’s well-known plan 
by the Hydraulic Engineering Company, Limited, of Chester, 
for the Cyclops Iron Company, Limited, of Openshaw, Man- 
chester, to drive their rolling mills. The three-cylinder engine 
is particularly well adapted for this purpose from its compact- 
ness, and also from the fact that it gives great regularity 
in running, from the position of the cylinders at angles of 
120 deg. with each other, and there being no dead centres. 
The engine we illustrate is the largest of its type which has 
yet been made, It has cylinders 24 in. diameter with 18 in. 
stroke, the pistons all working on to one crank. The 
cylinders are bolted to the main framing, and the main 
bearing is supported upon three wedges, which can be 
tightened up by means of bolts to take up any wear in the 
brasses. The valve, which is driven direct from the crank 
and serves all three cylinders, is contained in one of the 
side pedestals. The governor acts upon a throttle valve 
within the steam valve. The exhaust is beneath the 
engine. The 12-ton flywheel is mounted on the engine- 
shaft, which is coupled direct to the rolling mill without 
the intervention of gearing. The speed is varied from 80 
to 140 revolutions per minute, according to the size of the 
bar being rolled, and the engine is working very satis- 
factorily. The illustration is self-explanatory as to the 
general arrangement. 





DISC-ENGINE KINEMATICS. 
To THe Eprror or ENGINEERING. 

Str,—I wrote you hurriedly last week in a few minutes 
snatched from close and continuous work, which I have 
cnly Snished this m : On sew eis caets Sie e 
matter I am sorry to find I made a mistake which I hope 
you will allow me at once to correct. ‘‘ Examiner’’ was 
right in saying that only two cylinders could be connected 
to the cross arms b in the way I pointed out, and I must 


ise to him for having said contrary. It is 
an Gasarnen cylinders as may be wished, but they 





a “me 


must be placed alongside the two first, and connected with 
the same crossh . Points in o' arms than the two 
connected to the pistons describe spheric curves resembling 
lemniscoids. 

I think it was* Willis who first showed, or at least pub- 
lished the proof, that these m isms (which he called 
solid linkwork, and which conic 
crank trains), were derived directly from ordi crank 
trains by bringing the point of intersection of the axis 
from an infinite to a finite distance. Their treatment in 
this way gives rise to an immense number of interesting 


blems. Yours truly, 
4 April 25, 1876. Auex. B. W. Kennzpy. 


To THz EprTor oF ENGINEERING: 
S1r,—I have rarely seen so many unjustifiable assump- 
tions in so short a letter asin Mr. Remnely’s, at page 316 of 
vom ants puzzled by the problem I myself 
e assumes am pro m 
ome ges that I have no right to my nom de plume, and 
that I require to investigate the matter! He most 
erroneously assumes that ‘‘ every line . . . remains always 
in oneplane... ing its motion.” He cannot “ spare 
time . .- for the »” but the fact is, eternity would 
not be enough for him to do it in ! 
sie oie ot ie Sees ee i vertient, Seb the 
ellipse in Fig. @ projection on a horizontal plane, 
the disc or of a circle passing through the ends of a four- 
armed piece. To show the peculiarities of the case the 
= faintly, the ellipse is ee Eee eis ae. 
oblique crank-pin or journal makes an = 
with the shaft; but difference in the oak 


difference , 
is to be i dope we fas AF ia bg Bet ope 





at right les to each other. 
ditions an the enh 3 
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foduoabdd in Hig me, 
indicated ‘are patallel to the 
long axis, from the Mery of C E, to cut sav pall circle, and 
Boos deo yeas round on this cirele other lines are 
drawn also to the long axis, and the points in which 
these other cut the ellipse are the positions of the ends 
of the other arms D F. 

Another way. Suppose the crankshaft vertical as before, 
but with the crank au angle of 30 deg. with it. 
Then the ellipse in Fig. 3 will be the on a verti 
plane of a circle — the ends of the four arms 
C, D, E, F, the arms D F being horizontal. Now, at the 
instant to which Fig. 3 corr ~ Wb 4 oy 
angular movement in a vi represen e 
surface of the paj ) it must be Sheud o Encinnntel axis at 

ht angles te that lane, and passing through the centre 
Bt but every point of the rigid four-armed piece must be 
moving about the ane instantaneous axis ; therefore, the 

ends of C and E, being one directly above ‘and the other 
Sirectl below the horizontal axis hrough H must at the 
instant move horizontally and not vertically. 
There can thus be no movement in Mr. Kennedy’s ar- 

ement of the mechanism. 

If a vertical rod be fixed in the centre of a compass card, 
and the end of it be moved in a circle, the motion of the 
card will be like that of the dise or four-armed piece, and 
it will be found that whilst the inner gimbal pivots move 
in a vertical plane, ‘Ay other point in the circumference 
of the card P meme a figure 8, the loops of which are 
widest midway ~ At “y inner gim pivots, and 
narrower the nearer the point is to those pivots. 

A good deal more might be written on these and ve 
kinematic questions, including Hooke’s joint ; but I will 
not now trespass further on your space. 

Respectfully yours, 

April 24, 1876. 


EXAMINER. 


ra 





ROYAL NAVAL Sa EERS. 


ion iT by ome bel zr belp 6 dall- attention 
Srr,—I wou e again 
told, there seems to 


to grievances for which 
be no present hope of redress. a aa sufferers 
case. 
years ago, an oppor- 


but I prefer to speak of my 
and reasonable hope 


I am a marine engineer, 
tunity glittering with brass: 
of success presented itself eerine the naval service 
of Her Most Gracious offered myself as a 
candidate, was examined, Geiglinentod on my success. 
That of the preliminary oo. tod gener as to - 

; pros o » generally, as 

ra ree T was inteeestel he answers were to a 
certain extent satisfactory. In all numbers the — 
pany de 1001. ~ annum with rations, rising after 
three years’ servi 1301., after two years more to 1601., 
and after fro meg three years, or per a little more, 
pa to chief engineer with no end of advantages at- 


hed thereto 

I was not told that salt beef and hard biscuit, » “fm 
and cocoa, brown sugar and black tea, with s oO 
minor _~ =! ae ‘ered ee and that I er 
nay, certainly wo’ involved ina daily of Is. 
to ls. 6d., exclusive of wine or beer, for romething better, 
equivalent to a reduction of say 251. a year in my 

Neither was I told that for accommodation there 
would be measured off, under the deck beams, a space of 
about 6 ft. by 18 in., wherein I coul d hang a piece of aang 
my future bedstead, and termed a hammock, curious! 
wonderfully connected by sundry cords to hooks over ond, 
Into this sack I ht, "after Pre my my own bed and 
beddi: Mi ny : or ~ night ; ny the ‘st 60am, 

po 7 out” again at ae m 

| rking of the est ty = phen 
wo neares iD Pp, or give up ho 
of sleep because of the oaths or fain from the yampen. 
Although there is worse accommodation than a 


hammock, you, Sir, will conceive that at best it is 
neither a nor easy, nor, indeed, possible task for 
those to meee El and four- posters to reconcile 


oy to such circumstances. 

period of service named as that usual for promotion 
cgpentlts be Ceabalna aear Gh ena acco to the 
then current rate, and I was hooeful accordingly ; but I was 


not informed that the entry of a number of engineers 
about that time would probably, as it has » ca 

a block in motion. I did my best, always looking 
forward to the golden age of chief engineership, with its 


rank and other advantages asa or from some of 
the evils of assistantship. At the end years, in 
the simplicity of my heart, I having the necessary 
examination, and convinced that 1002., say, rather 75/. a 
year was a remuneration passa ps for a time, but 
not to be borne long, thought to receive the increase, but 
I had to wait another for that and my commission. 
Having ov 4 the 5s. stamp cuty, was I any better 
ted ? true I had now, in name at all events, 
a salary of 1352. acted and there were some infinitesimal 
advantages, whose nature and extent I was wholly 
ignorant, accruing to the possessor of that 5s. worth of 
parchment with its blue and silver ornament at one edge. 
After another two years’ waiting, another examination 


having eee ee eee and a m growing family ren /- 
—— to ad for the 
now due as the next stage on ~ 


be 








However, I have persevered, well Te against hope, have 
now served in ~ cheb me — I — my how ~~ 
zap, except that number is grea nine; | 

— of moré than we so oy a ether; wad 
have the necessary examinations for the rank 
have passed the nowaary examina has been the most 
satisfactory a, et I have no prospect eo 
out of my with its hard work, 
position, Mt jenn 


There are hi Pipes Fare ex thatmany 


cepting 
cal | of them, in the hopelessness of their lot, have neglected to 


qualify, or, in the hope of getting away from it, declined to 
bed for chief , and so are not eligible for pro- 
motion. These can leave it witha ar at forty-five years 
of age; and very few who have reached that age care to 
remain. I mustserve, because ae for Lai 
I am fifty years of age ; and then, if omot r 
no increase of pension over the 
That is to say, I am punished 
qualify for the higher rank. The 
zeal’’ is plainly as ane oe 
times gone by. 

Did I not heew it too well, 
ceived that any branch of 
hardly dealt by, especially one 
portant and ever increasing du 
ance depends so much on experience ; Mr 
to 1801. in the course of twelve years 
crease afterwards for eight, nine, ten, 
the present time, as much as years, are 





facts ; and it is not to be wondered shies 
tate before entering on such a life, Pee 0 are 
living in it are to a man disheartened an ed, or 


that every available opportunity and excuse ‘oaleety 
of quitting it. 

That under these circumstances their Lordships of the 
Admiralty appointed a Committee to take the matter into 
consideration ~~ of its importance to them, and 


officers were sanguine of something being 

done to their ad KL NESE 

but, from po Ae 
me practical abeire Tc efey ma ay f 

re) ar 

too ca ON eats exists in the minds of the large ly of 


Ro aval engineers. Let me also, alth: Sendra. 
record ab earnestly a8 T may that serious dnjury is Dees 
done even now to the public service by delay; and it 
take many long years to recover the ground already lost 
xX. 


Believe me yours sin 
Portsmouth, April 22, 1876. 
WATER-TUBE, BOILERS. 





Srr,—As some of your numerous 
information about the durability of water-tube boilers, my 
experience with the Craddock boiler, one of the oldest 
forms of water-tube steam generators oy be be interesting. 
_They were made with tubes about & ft. long A Lage 

- and not more then enighih of an indh thick oe 
tu were set in in 80 as 
form a square or ‘shlong chamber Ae the grate. The 
products of be gone fhe rising about .6 ft. up the 
chamber passed through between the tubes and down the 
other side to fire level before asce the They 
were very economical in fuel and easy to make, but the 
tubes were liable to burn through = twelve months’ use 
where the greatest amount. of them, and 
cause a leakage as would damp the wy A 
approaching to an explosion was never known to occur. 

PP think with a better water circulation Craddock’s boilers 
may still be made to do good service. 
I am, Sir, yours iy 





THE VENA CONTRACTA. 
To tHe Eprron or ENGINEERING. 
S1r,—In ENGINgzERING of April 14th, page ee Lord 


Ra: sawn om achove sub; 8, “Tf A” were same 
ashas Na pany re Dat hae in 
supp my te have done so. What I have said, and do 


say, is, that inasmuch as the amount of the reduction of 
ressure on the surface round the orifice is derived entirely 
y ex — > eanaye | in the case of Mr. Froude’s intro- 
here we know it must be nothing, that 

Minny ai be left out of a purely theoretical investiga- 
tion on e the same principle that we ignore the effects 
of friction. Thisis not because we are at all doubtful about 
its existence, but because we do not know its value, for I 
— out the absolute necessity of supposing that it must 


the whole drift of my papor was to show that there must 
be a reduction of pressure on the s round an orifice in 
a thin plate, which must have the double effect of inducing 
converging stream lines, and of the area of the vena 
contracta to be greater than half that of the orifice. This 


in effect is‘ the reverse of the ordinary reaso which 
attributes the contraction of the vein, not its ame ye as 
I do, to the converging stream lines. The reduction .of 


pressure on the surface round the orifice explains why the 
vena contracta is greater than my theoretical area, but no 
— an cman oe obey iven to account for pow rey 
great discrepancy een the common 

practical results. 


Let us examine for instance the referred to 
in the last ph of Mr. W. Do 8 letter (Enart- | wit 
NEERING, April 21, 4318), that is to say the effect of 

in an 


changing the velocity of ¢ direc- 
Same velocity in a vertical direction, su 
that that could take aes without loss. pores 


ms 0 sieene, te, beynees Sint at fee 
cg of an oie the meth Erste niche pic begat gare 
angles to rection of motion ond T thiak th 


follo’ will prove this, and at the same time show the 
ia posing that the vena contracta can in any 
appreciable if at for by the com- 
position of the velocities in different directions. 
Let a nozzle of the form A, B,C,D of the annexed 
diagram be fixed in the bottom of a vessel. Let A B= 10, 
CD=8, andA E=BF=5. Then if thereisa sufficient 
head of water above AB, it will flow =e CD at very 
nearly the velocity due to the head. and not 
theory, and shows that that a of byte > does not in- 
terfere practically with what would take place if the outer 
= A, C, D, B were taken away and a plain orifice A B 
t. 








Ec H OF 
Now AC is only about 2 per cent. longer than A E, and 


Z of yes assume (for the sake of argument) that half of the 


is moving at the extreme angle EA C from the 
perpendicular and that the other half is moving at the 
same velocity in a vertical direction, then if there were no 
loss, which there must be from two partially opposing 
currents in the directions A C and B D meeting, the ulti- 
mate increase in the average vertical direction would be 
1 per cent. ; and this is gravely put forward to account for 
an increase of at least 60 per cent. in the vertical velocity. 
None of the usual explanations of the vena contracta are 
much, if any, better than this one. 
In the second pa: ~~ of Lord Rayleigh’s letter, he 
eptaks of the velocity in the middle of the orifice being less 
at the edge, and the sane view was expressed by 
Professor James Thomson when discussing my paper at the 
meeting of the Philosophical Society of Glasgow, on the 
22nd of March, but I would ask in the name of common 
sense what reason can be given to justify the assumption 
that at the 2 elas where the Sriction interferes most with the 
flow, the velocity should be greatest? Do we find this the 
case ina river? Is it the case in a ipe? Certainly not ; 
and it Beems to me as certain as anything can be without 
direct proof that the in the centre of the orifice 
must be somewhat greater than at the edge 
The mistake of calling the velocity i "to the head the 
velocity through the orifice, and then trying to 
find reasons for why it is only about five-eighths of that, 
aa of the bay A due to the head the 
theoretical velocity, and explaining why it is about a fourth 
more than seems to have iit the effect of revers- 
ing nearly every ¢ idea onthe subject, and it certainly 
involves the a of reversing all the ordinary reason- 


on it. 
“word Rayleigh has ape used V2 for V in three 
I know it is an it is confusing. 

Pethere are other points P Donaliens 8 letter which 
I would have = dow were opposed to facts, if 
it could have been done with a due appreciation of the 
patience of yoursglf and Y 

Yours, &c., 


Ropert D. Narrer. 





** CONCRETE IN MARINE WORKS.” 
To THs Eprror oF ENGINEERING. 
Srr,—Your issue of 21st ( 323) contains a notice 
of the above 'y allow me to rectify a 


anything coon error rrr that appar? “T's I stated that a good cement for 


should stand a tensile strain of from 300 Ib. 
to to 40016, por oa per square inch, and not 250 Ib.; also that the 
wales should be from 115 Ib. to 120 Ib. per bushel, and not 
1 ° 
Tan, Sir, yours faithfully, 
; A. é HuRrTzie¢ 





THE PHILADELPHIA EXHIBITION. 

We give this week a tw engraving showing the 
general arrangement of the Philadelphia Exhibition and the 
surrounding grounds. This plan has been prepared from 
drawings corrected up to the latest date, and it will be found 
convenient for reference in connexion with our subsequent 
articles on the Exhibition. The plan is of course self- 
explanatory, but we may direct attention to the railway 
arrangements, which include some special features, and of 
which we shall have to speak hereafter. 





Tue InstrruTion or CrviL ENGINEERS. — By per- 
mission of the Lords of the Committee of Council on 
Education, the Conversazione to be given by Mr. George 
Robert Stephenson, as President of Ghis Institution, will 
take ae Thursday, the Ist of June, in the galleries 
at South Kensington con the special ‘ Loan Exhi- 
bition of Scientific Appara The ast Tuesday in May 
will be devoted to an ordinary meeting. 


Tron Loge cia i eame THAN PareR.—We have heard 
of iron as thin but have just had a et of 
specimen iron shee aught to our office not as thick 
oe Sa sheet is (004 in. in 
thi k, or onl Ty thrve-elghths of th the thicknsee Fike pape =. 

ick, or 0 of the of the paper. 
At the po. A the and 60 Hexible are so tough as to be torn 

ible ? to bend with almost 


,?? 








the nracility 0 * cpdlunry’ printing r Saath ok wonderful 
specimens of iron were ‘dade tre to the 
omy sheets by our neighbours, t mt Fane oa owles 

Coal and Tron Company, manager, Mr 
Hooper, has discovered a means of rolling these 
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GENERAL PLAN OF THE CENTENNIAL INTRR!} 


(For Notice, 960 











































































































TERNATIONAL EXHIBITION AT PHILADELPHIA. 


* Notice, see Page 342.) 











° 



















































ENGINEERING, 











Aprit 28, 1876,]} 343 
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M 
Giaseow: William Love. 
France: Lemoine, 15, Quai Malaquais, Paris. 
Beterum: P. Bailly, 37, Rue des Fripiers, Brussels. 
Kirkland and Cope, Ostend. 
Unirep STATES: 
Miller and Smith, 43, Rashenge siete. New York. 
Visana: Lehmann and Wenzel, ‘tnerstrasse. 
Gerold and Co. 
Russia: At all Post-Offices in the Empire. 
Lerpzie: Alphons Darr. 
BERLIN: Messrs. A. Asher and Co., 5, Unter den Linden 
CaLouTTa ; G.O. Hay and Co, 








Advertisements cannot be received for insertion in the current 
week later than 5 P.M. on Thursday. The charge for advertise- 
ments is three onitog for the first four lines or under, ane eight- 

nce for each additional line. The line averages eight words. 

‘ayment must accompany all orders for single advertisenients, 
otherwise their insertion cannot be guaranteed. Terms for 
displayed advertisements on the wrapper and on the inside pages 
may be obtained on application. 

The price of ee net to oe a in the 
Unjted Kingdom recei es by post isl. 9s, 2d. per annum, 
ait tnaludine two double numbers. If credit be taken, the 
chargé is 28, 6d. extra, the subscriptions being payable in 


advance, 
FOREIGN SUBSCRIPTIONS, 
The rates for subscriptions to ENGINEERING from abroad are: 
11. 15s. 8d. For Australia (via Southampton), Austria, Belgium, 
Brazil, Canada, China. (via Southampton), Denmark, 
Egypt (via Brindisi), France, Germany, Greece, India 
(via Southampton), Italy, Netherlands, Natal, New 
Zealand (via Southampton), Norway, Portugal, Russia 
(subscriptions sent through all the t offices in the 
Empire only), ot Sweden, Switzerland, and 
United States of ca. 
2l. 13s. Od. For Australia (via Brindisi), China (via Brindisi), 
India (via Brindisi), and New Zealand (via Brindisi). 
All accounts are payable to the publisher, Mr. CHARLES GIL- 
BERT, 37, Bedford-street. Cheques crossed “Union Bank,” 
Charing Cross Branch. Post Office Orders to be made payable 
at King-street, Covent Garden, W.C. 


Office for Publication and Advertisements, No, 37, Bedford- 
street, Strand, W.O. 


ENGINEERING Is registered for transmission abroad, 


READING CASES.—Reading Cases for containi eke pod 
Numbers of ENGINEERING, may be had of the publisher or of any 
newsagent. Price 6s. each, 


NOTICE TO AMERICAN SUBSCRIBERS. 

We beg to announce that we have a ted Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, 
on application. 














NOTICES OF MEETINGS. 

Tue INSTITUTION or Civil ENGINEERS.—Tuesday, May 2nd, at 
8 p.m. 1. Discussion on “The River Mersey.” 2. “‘Fascine Works 
at the Outfall of the Fen Rivers,” by W. H. Wheeler, M.L.C.E. 

INSTITUTION OF MECHANICAL ENGINBSERS.—Wednesday and 
Thursday, May 3rd and 4th, at the Institution of Civil Engineers. 
The chair to be taken at 2 o'clock p.m. by the President, Mr. Thomas 
Hawksley. The following papers will be read and discussed 
at the meeting:~ Ist. day. “On the Lancashire Boiler, its Con- 
struction, Equipment, and Setting,” by Mr. Lavington E. Fletcher, 
of Manchester. Description of the Ogi Paper Mill, a. by Mr, 
William Anderson, of London.—2nd day. “On the Yield of Wells 
Sunk in the Chalk in the Central Portion of the London Basin,” 

Edward Easton, of London. Supplement to Notes on the 
2 =» A History of Railway Gauge, communicated through the 
resident. 


CAUTION.—It having come to our knowledge that a 
person is calling on firms in the North of England and 
soliciting orders for advertisements to appear in a cover 
‘or ENGINEERING which he asserts he is about to publish 
with our sanction, we beg to state that we have no 
business relations with any such person, and that the 
only covers for ENGINEERING with which we have to do 
are those supplied direct from this Office. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. James DrevGe is 
now at Philadelphia, and that communications relati 
to the International Centennial Exhibition may 
addressed to him at the Trans-Continental Hotel, at 
that City. ; 
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THE TRAINING OF ENGINEERS. 

Few things speak more distinctly of the great 
future which there is in store for our profession than 
the existence and growth of the feeling of which Mr. 
Holley’s recent address on “‘ The uate Union 
of Engineering Science and Art,”* delivered before 
the American Institute of Mining Engineers, is an 
outcome, The leading idea of this very capital paper 
is—to quote the words of a distinguished German 
scientific engineer, “ the attitude of th and prac- 
tice . . must be one of mutual Soon” Th the days 


of the early engineers there was, we may almost say, 





* See EncinzrRine of the 24th and 31st ult. 





Physicists and mathematicians presently took the 
matter up, showed how’absurd and illogical such 
formule were, and how badly conducted had been the 
experiments on which they were based, and gave us 
new experiments and new formule, The latter had at 
least some scientific basis, and the reasoning by which 
they were arrived at was'to some extent intelligible. 
It did not follow, however, that they -were—espe- 
cially in their earlier forms—more useful than those 
they were intended to supersede. e latter may 
have expressed empirically, but with some truth, 
phenomena depending upon a set of wholly unknown 
conditions ; the new Sorioalie expressed scientifically 
phenomena depending on certain assumed condi- 
tions, which may or may not have been those of the 
case actually to be considered. The exactness and 
certainty of the reasoning too: often caused the un- 
certainty of the data to be forgotten, and when the 
results afrived at differed very considerably from 
the results of ‘‘ practice,” there has too often arisen 
a feeling of anything but ‘‘ mutual respect” between 
the “ practical” and the scientific engineer. 

An increased scientific culture among the members 


‘of our profession has shown us in how many ways 
we are dependent for our future progress upon men 


of science, and has taught us that even our most 
cherished constructive hobbies may have to be given 
up as erroneous or valueless before their remorse- 
less reasonings, ‘Time, too, has taught the scientific 
men how exceedingly complex the majority of the 
problems of our work are, and how difficult—in 
some cases impossible—it is to formulate their con- 
ditions, without far more knowledge of the latter 
than we possess at present, As a result, they are 
more anxious to investigate these conditions than 
to enunciate new formule, and the aid derived by 
engineers from their work is proportionately in- 
creased. This change must be familiar to all who 
have looked into the matter; we may merely 
mention, as instances of it, the old and the new 
treatment of the arch, or the older treatment of the 
theory of the steam-engine, as compared with the 
method adopted in Mr. Cotterill’s excellent ‘* Notes,” 
(It is a great pity, by the way, that these ‘ Notes” 
have been allowed to run out of print.) 

The theorists thus recognise the. difficulties and 
complexities with which engineers have to grapple, 
while the engineers see in the theorists men whose 
eyes are sharper than their own, whose powers of 
observation are greater and better trained, and who 
are applying themselves seriously to the solution, or 
at least the analysis, of the problems of their pro- 
fessional work, On the better understanding be- 
tween the two classes of workers which has thus 
been brought about, Mr. Holley takes his stand, 
and urges that it should be taken advantage of to 
alter and improve the present system, or want of 
system, of training engineers, a matter in which 
alteration and improvement is needed as greatly in 
America as here. We fear that many more lectures 
and leading articles may be required before the 
wished-for improvement is reached, but a forcible 
and eloquent statement of the case, such as that made 
by Mr. Holley, cannot but help in bringing about 
the desired conclusion. It would be ag thing 
for young engineers if a wholesome spirit of rivalry 
sprang up on the two sides of the Atlantic as to 
which should be first in providing a really com- 
plete and sufficient system of training for them. 

We cannot here, of course, repeat the substance 
of Mr. Holley’s address, which well deserves perusal 
in extenso; but having so far expressed our general 
agreement with its contents, we must notice one 
or two points on which we must differ from its 
author. Mr. Holley’s name is familiar in this 
country in connexion with Bessemer-steel making, 
for which he has done so much in America. Most 
of his illustrations are taken from this industry or 
those connected with it, and in the.scheme of train- 
ing which he sketches out towards the end of his 
lecture he has vprrwe Mw this an ay in view. 
This scheme, if we understand it rightly (we should 
have been very + if Mr. Holley described it 
in greater detail), is in a few words, that, after 
leaving school, the intending engineer should study 
om a while, taking general classes, at college; that 

e should then go to the works; where he should 
be under the care of a ‘‘ master” or teacher (not 
the master of the works), whose duty it would be 
to instruct him and his fellow students “‘ practically ;” 
ae an should go to a‘ technical” 





We will not say that for the special industry of 


on such a matter. But we cannot think that. it is 
the best one for general. engineers, ciyil or, mecha- 
nical, It would in the first extend over some- 
thing like eight years, and during the whole of that 
time the pupil would have to be paying instead of 
earning money. ‘This of course would bea serious 
“ practical” difficulty in an immense number of cases, 
Then the plan of having classes of students in fac- 
tories, under the control of special teachers (in the 
the works but not of them) does not:commend 
itself as practicable in the works of mechanical en- 
gineers, or in the drawing offices of any engineers 
whatever, however well it might be carried out in 
steel oriron works, in which, it must be admitted, some 
of the conditions are very different. Then, lastly, Mr. 
Holley argues very strongly that the works should 
precede the technical school in the student's train- 
ing. This, of course means that the proposedeourse 
of study at works should precede study at technical 
classes, a position both for and against which much 
could be said. There are serious objections to it 


| which are not touched upon, but as we have said 


that we fear the practical c are impracticable for 
general purposes, we need not enter into these, But 
to go straight from school, or from some merely 
general college course, to such shopwork as a pupil 
now gets in factories, instead of obtaining first a 
thorough scientific training, seems really attempting 
to — the applications of science before the sciegpe 
its 


= 


But, apart for a moment from Mr, Holley’s paper, 
the important question comes, what is meant by a 
‘* technical” school? A very distinguished chemist 
was lately asked how a young man could best 
study ‘‘ the chemistry of brewing.” ‘*I know only 
one chemistry,” was his answer, So this word 
‘“‘ technical” has suffered grievous abuse, ‘There 
can be no “technical science” apart from other 
science, and the attempt to teach in schools just 
those little bits of science which are conceived to 
be directly applicable to special branches of ‘tech- 
nology, is one which cannot be too strongly 
discouraged. In this country, probably, a con- 
siderable majority of our young engineers go direct 
from school either to the office or the shops, but in 
spite of this, perhaps only one in ten of the en- 
gineering students in our colleges are men who have 
been in the works. This serves to show how difli- 
cult is is for men who have once been started in 
what may be called practical life to turn back 
to a time of quiet study at college. But we 
confess.we have not much faith in colleges doing 
work which can be called technical. We rather 
conceive their functions to be, first, to instruct 
their students in principles, to show them the 
general nature of the applications of these, and the 
nature of the differences between the problems of 
the laboratory or the examination paper and those 
of practical work; and, secondly, to train them in 
habits of exact observation and experiment. ‘The 
two last, both of the greatest importance, ough to 
be done in college, and if they are not, the college 
has neglected its duty. The man who has not 
studied the simple abstract problems of the lecture- 
room is not in a very good position to understand 
the complex problems (say) of machine design; 
while the man who has observed, examined, weighed 
in the simple experiments of a chemical, physical, 
or mechanical laboratory, has had the best possible 
preparation for the much more difficult manipula- 
tions of the practical ow of his training to which 
Mr. Holley alludes. these considerations point 
to this ion of the student’s training coming 
before his shop work, which we believe to be in the 
majority of cases the wiser plan, at least with 
existing arrangements. A lad who had a 
foundation of science thus laid, and who had. after- 
wards conscientiously studied his way through the 
works, in the spirit described by Mr. Holley, would 
require no further school work, but would: have 
fairly begun that ‘‘ practical” eelf-education, derived 
from men and books and things, which he will carry 
on as long as he is an engineer. 


ENGINEERS IN THE NAVY. 
On another page we publish a letter from a 
correspondent respecting the present unsatisfactory 
a of the engineer officers of Her Majesty's 
aval Service. The circumstances which have led 





to this and other correspondence we have received 
are not difficult to understand, but for the informa- 
tion of those of our readers who are not familiar 





with the present position of engineers in the Navy, 
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we will briefly refer to the more prominent points 
in the history of the corps during the last twelve 
years or 80, a period which has seen the duties and 
responsibilities of those officers enormously increased. 
We do this in the hope that they who can will help 
remove the hardships under which naval engineers 
have so long laboured and which they have so 
patiently borne. ; ‘ 

Over the whole of the period just mentioned, if not 
also long before, it has been felt as well by the heads 
of the department as by the engineer officers generally, 
that the conditions as to efficiency on the one hand, 
and salary, comfort, and ay wows on the other were 
unsatisfactory. Considered from the management 
point of view the engineer was too good, and in 
many cases not ——s trained, for his work, 
whilst from the officer's point of view it was felt to 
be absurd to subject him to an examination embrac- 
ing the higher mathematics one day, and expect 
him personally to —_ glands or caulk tubes the 
next and many other days. The conditions were 
quite incompatible. The officer too, as his services 
wore on, not unnaturally asked for advancement in 
pay and position ; but these were not forthcoming 
and did not appear to be attainable. 

To meet the difficulty of improper training, the 
Admiralty determined to train their own engineers ; 
they shut out all entries except from the royal 
dockyards, and gave the title ‘‘ engineer students” 
to lads under training. Of these students only 
a limited number were entered annually, they had 
to serve for six years, and provision was made for 
the higher theoretical education of a certain number 
who stood at the top of the list at the annual ex- 
aminations. ‘There was also established an inferior 
grade now termed ‘‘engine-room artificers,” con- 
sisting of men whose duties were intended to be 
simply those of workmen, with some such responsi- 
bility as would be laid on leading men at small jobs, 
not foremen; in a private firm. 

Neither change has worked satisfactorily. Neither 
went far enough. There was needed some one man 

uainted with the requirements of the service 
afloat, possessed of intelligence enough, and vested 
with power enough to foresee and enforce any mo- 
dification likely to attain the end in view. The 
engineer student considered himself simply as a 
student to whose instruction the whole staff of 
the factory had to pay special attention—who con- 
sidered himself at liberty to select what work he 
should do, and who hesitated not to maintain this 
supposed right of selection. Our readers are not to 
suppose this statement is overdrawn, We can assure 
them it is exactly in substance what we have seen 
and heard over and over again. 

There was also this further difficulty. The scheme 
of studentship provided rewards for excellence in 
theoretical knowledge, not for excellence in work- 
manship, nor indeed in practical a of any 
kind. The result was that some of these students were 
found wanting as assistant engineers; and a strong 
feeling of distrust, in many instances undeserved, 
a up in the minds of the older engineers, At 
the same time, however, it is to be observed that the 
general neglect of practical training led to the re- 
jection at the annual examination two years ago of 
about half of those who had completed their period of 
service, and were about to enter the Royal Navy as 
assietant engineers. Steps were then taken to alter the 
method of instruction, and it is to be hoped that no 
such lamentable failure will occur again. We would 
here note, also, that a number of the students 
who had received the superior training declined to 
enter a service which held out so few inducements 
and presented somany disadvantages as that for which 
they had been trained, and many others resigned 


after a short service. 

Next, with ~~ to the engine-room artificers. 
Although when introduced the py was sufli- 
cient to induce good workmen to enter the service, yet 
the discomfort of their position, together with the high 
wages lately attainable on shore, have practically 
swaget the entry of first-class men, whilst many 
of the good men have purchased their di 
from a service now so ill paid and so uncomfortable. 
The result is that the confidence reposed in these 
men by some of the engineer officers of the fleet has 
heres en, and > —— some, a strong feel- 
in opposition to their er entry. 

Dion thange a not in any pes | improve the 

ition of the older : otherwise. 
eir duties and ilities, but not their pay 


or were increased; and their case was 


eventually taken up, in common with that of all other 
officers, by Mr. Childers. He, after due deliberation, 








produced the Order in Council of 1870, which, 
whilst benefiting largely all higher ranks, left the 
older engineers pretty well where they were, except 
that there was a very slight increase of pay, a much 
better rate of pension than before, and a better 
chance of promotion. But pay, pension, and pro- 
motion were very far from what they ought to be; 
and discontent and dissatisfaction continued pretty 
much the same, 

Eventually the heads of the de ent found 
themselves in this position. The old engineers, as 
soon as they reach aa ~—< age, are leaving the 
Navy—carrying with them their experience: a certain 
__ om also leave on medical grounds; while there 
are a number of resignations and dismissals annually. 
Under these circumstances it is found impossible to 
replace even the numbers, much less the experience 
of the officers who are lost; the students available 
for entry as assistant engineers are too few and 
reputedly to a to make up the deficiency ; 
the entry of artificers is too limited and their quali- 
fications too inferior to render that source of supply 
reliable ; at the oem moment the number of our 
engineers available for the ordinary work of the 
fleet is much too low; the seniors are gradually 
getting so old that when their turn comes for pro- 
motion it is doubtful whether they will make good 
chief engineers; those lower on the list cannot be 
promoted because of our rule of promotion by 
seniority ; those of our chief engineers known to 
be unwilling and unfit for sea service do not care to 
retire; great difficulty is experienced in finding 
suitable chief peg for the more important 
peer ay and our engineers of all grades are 
clamouring for a redress of grievances, 

A Committee was appointed to inquire into the 
supply of engineers and engine-room artificers, and 
we unhesitatingly bear testimony to the manner in 
which the inquiry was conducted, and the personal 
interest which every member appeared to take in the 
subject, What their conclusions are we know not. 
We are satisfied that they must have recognised 
and recorded the necessity for many sweeping 
changes; and we know that the whole of the en- 
gineer officers of Her Majesty’s naval service have 
looked forward hopefully to the report of the Com- 
mittee being followed by brighter prospects for 
them. 

It is reported, we know not on what authority, 
that the further consideration of the subject is 
postponed. If this be true we tly regret it, the 
more so as we cannot believe that any valid excuse 
for such postponement exists, Whatever the facts 
may be, however, it is certain that the mere circula- 
tion of the rumour has produced a profound feelin 
of penser, and if that feeling be aggrava' 
by further delay we are fully assured that no one will 
regret it more than those in authority, because of its 
positive cruelty and injustice and the harm done to 
the naval service. 

In our remarks above we have confined ourselves 
chiefly to the case of the engineers of whom our 
correspondent may be taken as fairly a represen- 
tative. Chief inspectors and inspectors of machinery, 
chief engineers, assistant engineers, and engineer 
students have each and all their own grievances, 
some of them serious; but we take it, that of the 
whole corps the senior engineers have now the gravest 
cause of complaint, At the same time, knowing that 
the Committee inquired into the details of the whole 
system of entry, working, promotion, and retirement 
of all grades, we yet hope, earnestly, that the con- 
clusions of that Committee will be considered without 
— loss of time, and steps taken to give them 
effect, 





SHIPPING LEGISLATION. 

Tue Merchant Shipping Bill is still dragging itself 
along in Committee of the House of Commons, and 
we fancy most of the members of that august 
assembly must by this time be heartily sick of the 
whole business. The same tactics prevail now as 
marked the early days of the Bill. Sir Charles 
Adderley moves the various clauses, a discussion 
ensues, the President of the Board of Trade gets into 
a muddle, and the Chancellor of the Exchequer then 
interposes to extricate his colleague either by promis- 
ing to reconsider the matter, or by invoking the 
majority, which the Ministry can always command on 
a division. . 

The clauses relating to the formation of Courts of 
Survey, with all their machinery of judges, assessors, 
and —— to harass and ag 4 shipowners and 
the w sipping ing community, have —_ 
without any effectual protest from those in the House 





who are sup to be watching the shipping in- 
terests. The ineffective clause relating to ian slowags 
of grai has been passed—at least provision- 


cargoes 
ally. And the _— ap to be == the ridiculous 
clause relating to deck cargoes. e point as to how 
far the Bill is to affect foreign ships is til in reserve, 
and until this has been decided it is really difficult 
to see exactly how the Bill stands even in relation to 
the clauses which have been nominally passed. The 
question as to —— survey will in be dis- 
cussed on an amendment to be proposed by Mr. D. 
Jenkins, the member for Falmouth. The amend- 
ment is to the effect that before leaving port every 
vessel shall be requested to produce a certificate of 
seaworthiness from Lloyd's or some other approved 


Register Society. 

It is much to be hoped for the credit of Parliament 
that by the time that amendment does come on for 
consideration the President of the Board of Trade 
will have taken the trouble to understand its scope, 
and that he will discuss it on its merits, instead of 
misrepresenting and contorting it as he has done— 
one would almost say, from appearances, systemati- 
cally—in the case of the amendments moved by the 
member for Derby. 

Mr. Plimsoll’s amendment on the subject of shift- 
ing-boards for in cargoes was not pressed to a 
division, but was, on the advice of Mr. Forster, with- 
drawn, and wisely so, as we think, for the purpose 
of its being reconsidered and brought forward at a 
later stage of the Bill. 

The Government clause simply enacts that all 
cargoes, of which more than one-third consists of any 
kind of <_ cargo in bulk, shall be ‘secured from 
shifting by boards, bulkheads, or otherwise.” The 
great objection to these words, as we have before 
pointed out, is that + may mean nothing or they 
may mean a great deal, Taken in a conventional 
sense they would cover any attempt, however 
slovenly or inefficient, to prevent shifting; and if 
there is a show made of fitting shifting-boards, who 
is to say the Act has not been complied with? Cer- 
tainly not the consuls in foreign ports, who know 
nothing of such matters, And as certainly it should 
not be left in the hands of foreign surveyors picked 
up by the consuls to survey the vessels for a trifling 
4 per ship in accordance with the recent Foreign 

ce . 

Again, if the words quoted above be taken literally 
they simply enact a practical impossibility. If a 
ship be loaded with grain in bulk it is impossible, 
strictly speaking, to secure it from shifting either 
by ‘boards, bulkheads, or otherwise.” Grain 
car; settle down on the voyage, and they then 
havea free surface below the deck, even if the ship 
has been carefully filled quite full in port. And as 
this free surface is like that of a fluid, or semi- 
fluid, it is impossible to “ secure it” from shifting if 
the vessel rolls heavily at sea, By means of shift- 
ing-boards or bulkh the amount;to which it can 
shift might be limited, so that no harm can come 
to the ship from it, but the terms of the Act cannot 
be complied with. 

The extent to which this system of shifting- 
boards is carried out by careful ship-masters in the 
—y of careful owners should be indicated in the 
Bill, and = words — - — to the effect 
that any other a ved me equally effective 
might be adopted. We hope this sft Pr sorcoe 
Mr. Plimsoll will take in his new amendment. The 
best A po yo or practices could easily be ascer- 
tained and embodied. In fact they are embodied 
in the Canadian ions, to which reference was 
made in the debate. But it is egsential that some 
latitude should be allowed so as not to fetter im- 
provements, and this could easily be done with a 
proviso such as that indicated above. Mr. Plimsoll’s 
provision for shifting boards of 2} in, thickness, 
running from the top of the ship to the bottom, 
combined with the condition that a fourth of the 

should be in on top of the loose grain, 
would have been overdoing the matter, and would 
have led to difficulties. e are glad, therefore, 
The me of deck tend occupied f 

e subject ied a great oO 
the time of the House of Commons on Monday 
night, and a more unprofitable discussion than 
took place has seldom been listened to, The whole 
House seemed to into as complete a fog as 


a as eee the . s 
Trade, not a single mem —— able 
help the House out of the muddle. Our readers all 


know, and the members of the House knew, and the 
representatives of the Government admitted, that 
the mere proposal to make the space occupied by 
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deck cargoes pay tonnage dues like other parts of 
the ship, is perfectly useless as a preventive against 
deck-loading in the timber trade. Yet they voted 
theclause. Sir Charles Adderley said “there was 
not the slightest doubt that deck-loading was 
dangerous, and the vy question was how it could 
be prohibited.” Then he said direct prohibition in 
these cases was impossible, and indirect prohibition 
he thought was in more than one respect objection- 
able. Onthe whole he thought the best course 
would be to pass the clause, as it would remove the 
present objectionable premium on deck cargoes, and 
would be an important declaration by Parliament 
against the carrying of deck cargoes, which would 
no doubt have a beneficial effect! This is indeed 
law-making ! 

What with these admissions, and the statement 
of the Attorney-General that the clause was merely 
a tonnage clause, and that the question was whether 
it could be worked without involving this country 
in complications with foreign powers, and coupled 
with the fact that the Chancellor of the Exchequer 
could say nothing in favour of the clause, beyond 
that it was a step in the right direction, and that 
other clauses of the Bill will help it by throwing re- 
sponsibility on shipowners, the House must have 
been considerably puzzled to know how the Govern- 
ment had managed to get itself led into, and to lead 
the House into the absurd position of discussing 
tonnage laws, when they ought to have been dis- 
cussing the protection of life at sea. 

We will endeavour to clear this matter up some- 
what. And in the first place we say most distinctly 
that the clause in question is essentially a tonnage 
clause and not one which can have any effect on the 
question of loss of life at sea. It has been obviously 
approached from a tonnage point of view, and its 
a would be, if anywhere, in a tonnage Bill. 

Whenever a tonnage Bill is brought forward this 
question of deck loads crops up, as a small matter of 
detail it is true, but still there it is, a difficulty which 
has not yet been satisfactorily got over. Mr. Burns, 
of the Cunard Line, and others, are strong on the 

int in — sb coasting a and Be yom 

or carrying cattle and passengers ; and a good dea 
was ee the matter before the Royal Commission 
on Unseaworthy Ships. 

The question is generally put in this way. At 
present all closed-in spaces above the deck are 
measured for tonnage, so that the tendency is to 
keep them as small as possible. If a steamer is 
employed carrying passengers and cattle in the coast- 
ing trade or from Ireland, there is no encouragement 
held out to the owners to provide shelter for them from 
the weather. In fact, the reverse is the case. The 
law offers a clear inducement to the shipowner to 
leave them unprotected. It is necessary in these 
trades to carry great numbers of cattle and many 
steerage passengers above deck. ‘The vessels are 
perfectly well able to carry them there in point of 
strength, stability, and everything that goes to make 
up seaworthiness, and the vessels being steamers, the 
deck cargoes do not interfere with the proper work- 
ing of the ship. But they are exposed to the 
weather. The owner often wishes to add to their 
comfort, and would willingly throw a light covering 
or awning over the parts allotted to the passengers or 
cattle sufficiently strong to protect them from the 
wind and sea, but not of sufficient weight and cost 
to form an integral part of the ship’s hull, He 
is, however, discouraged from doing so by the 
tonnage laws, for if he did it the tonnage of his 
vessel would be increased and with it his dock dues ; 
and as such vessels are often in and out of port, dock 
dues become an important item to be considered. 
In consequence of this, various devices have at 
different times been resorted to for the purpose of 
cheating the tonnage laws, and a war more or less 
bitter ~- been w: for many years between the 
Board of Trade and some of the shipowners engaged 
in trades of this kind, = 
P It is quite clear from the clause in the Bill on 

deck cargoes” that the advisers of the Govern- 
ment in the Board of Trade had become so engrossed 
in these petty squabbles about the measurement of 
deck cargoes, awning, and partial awning decks, 
&c., in coasting and short voyage steamers, that 
they had lost all thought for the horrors of the 
Atlantic timber trade a winter months. 

Some ingenious official, full of the subject of those 
quarrels, must have some time during the recess con- 
ceived what Sir Charles Adderley considers the 
eoEPy eS pe neon yom encorered deck car- 

you w spaces, and adding them 
to the tonnage. Then came the cry of Eureka! 


As there did not happen to be a “‘ Tonnage Bill” 


under way this year, the next best thing was to 
work it into the Merchant Shipping Bill, and worked 
in it has accordingly been. e President must 
have been for once well primed, for the whole of his 
ideas in the House were evidently running in this 
direction. His argument that if deck cargoes were 
rohibited the clause would be evaded by awning 
Roche, and that by making deck cargoes pay ton- 
nage dues he would be removing a premium on 
deck cargoes, apply to short voyage steamers built 
for the particular trades we have mentioned and to 
them alone. “ 

They have no bearing whatever on the Atlantic 
timber trade, which is carried on almost entirely by 
old wooden sailing ships, for the most part no longer 
fitted for the finer es or to carry dry and perish- 
able cargoes. 

It is absurd to talk of those old ships having a 
present premium on deck loading, which is to be 
taken away in the sense implied by Sir Charles 
Adderley. It is not a question with them, as with 
the coasting steamers, whether it is better to carry 
the deck cargo in the open, or to cover it with an 
awning deck, and in which the questions of to 
and deck dues decide the matter. Nothing of 
the kind. It is simply this. Here is an old ship fit 
for the timber trade if she is fit for nothing else. 
The more timber she can carry each voyage the 
better she willpay. Therefore get as much on 
of her as possible. What will not go below they put 
on deck. Some justify the practice by the con- 
venient theory that timber on deck is as good as 
extra freeboard, for there is buoyancy in it, and if 
the ship gets water-logged she will have so much 
more floating power. 

But the pidintene is, that these timber cargoes 
piled on the deck of a sailing ship impede the proper 
working of the ropes and sails, and the vessel is apt 
to become unmanageable. This immediately takes 
place if the timber on deck gets adrift; and it is 
too often after the ship has become unmanageable 
from causes of this kind that she gets water-logged, 
and when left helpless in mid-ocean the terrible 
sufferings of the crews begin. 

A trifle more or less in the tonnage dues cannot 
affect this sort of thing. In fact, it would only 
tend to make a man say, ‘‘ Well, as I shall have to 
pay more tonnage dues on the voyage, [ had better 
take more cargo to cover them.” 

This deck-loading in the Atlantic timber trade 
during the winter months can only be stopped by 
prohibition, and the sooner the Government make 
up their minds to prohibit it the less trouble they 
will have in the matter. The clause which was 
passed on Monday night can have no effect what- 
ever in checking the evil. Its only effect can be to 
unsettle the tonnage question. Sir Charles Adderley 
says, however, with that marvellous faculty for 
being inconsistent which he is acquiring, ‘‘ the clause 
will effect no change in the law or measurement of 
tonnage, but it proposes, for the first time, to bring 








solemn -and tiresome farce of passing inoperative 
clauses like that on deck-loading.” And we trust 
Mr, Plimsoll will take the advice given him by Sir 
William Harcourt and again bring up a clause with 
the object of checking deck-loading in timber ships. 
Other deck loads might be left to take care of them- 
selves, A deck load does not necessarily interfere 
with the working of a steamer as it does with the 
working of asailing ship. And an agricultural ma- 
chine or two on the deck of a steamer, if she has 
freeboard enough, and stability enough, and her 
deck is strong enough to it, and if it is well 
secured, is no more objectionable than a deck-house, 
or any other fixed superstructure occupying the 
same space, and could have no injurious effect what- 
ever on the safety of the ship. In fact it might 
easily be conceived that in some cases the addition 
of a heavy machine or such like weight on deck 
would improve the behaviour of the ship. For in- 
stance, where the heavy weights in the hold have 
been stowed too low and the vessel has been thereby 
made too stiff, and requires some weight above to 
counterbalance the evil effects of those below. 
Under these circumstances, although we firmly be- 
lieve that in the timber trade prohibitory clauses 
are necessary and indispensable, we are by nomeans 
prepared to support entire prohibition of deck loads, 
or even prohibition with certain descriptions of goods 
exempted. We, therefore, hope that when Mr, 
Plimsoll again brings up a clause on this subject he 
will confine its application to the timber trade 
during the winter months, as, if we remember 
rightly, he did on a former occasion either in one of 
his own Bills or in an amendment to one of the 
Government Bills. 


MR. LONGRIDGE’S LOCOMOTIVE. 

On page 317 of our last number we published a 
letter from Mr. J. A. Longridge, in which he gave 
some explanations concerning his new locomotive 
which we recently criticised, and at the same time 
objected to our conclusions respecting the action of 
the gearing at. hey in that re to communicate 
the motion from the central to the leading and trail- 
ing bogies. We had remarked that the effect of this 
gearing would be to interfere with the distribution 
of the load on the wheels, and re ing this Mr. 
Longridge says: “As re the action of the 
Mere Sperry | the distribution of weight, you 
‘‘ would be right if the spur wheels were attached to 
‘‘the bogie frame, but this they are not. They are 
‘‘carried on the axles of the adjacent trucks, and 
‘* consequently can have no tendency to lift their 
‘* axles off the rails.” To this we replied in a note 
appended to Mr. Longridge’s letter that the manner 
in which the gearing was carried did not affect the 
accuracy of our former statement, and we at the 
same time promised that we would this week explain 
the matter further. This promise we now propose 
to fulfil, referring for that puxpose to the annexed 
diagram, which shows the arrangement of gearing 
which Mr, Longridge employs. 
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deck cargoes within tonnage measurement.” 
bringing matters for the first time within tonnage 
measurement will not effect any change in the law 
or measurement of tonnage, we know not what will 
effect a change in it. 

How a good Bill is to be expected under the 
auspices of such a minister, we must confess our- 
selves unable to understand, It is the more sur- 

rising that the President should cut such a sorry 
Loves when it is remembered that he has at his 
right hand Mr. Farrer, who modestly says in a par- 
liamentary return, ‘‘thereis probably no one now 
— 80,well able to ; me m: Sen matters Ps 

ippi — tion, and who is able to prove 4 
sorties oss of life at sea is reduced to one-third 

what it used to be, while in point of fact it has 
increased. 

We entirely with Mr. Maclver’s remark 
that “it is surprising Her Majesty's Government 





should ask honourable members to go through the 








d; 
a 74 


As we stated in our first notice (vide page 216 
ante), Mr, Longridge’s new locomotive is ied on 
three trucks or bogies, the central truck having two 
pairs of carrying wheels, and each of the other trucks 
three pairs. Our di annexed shows the centre 
truck in outline, together with the adjacent ends of 
the two other trucks, The wheels of each truck are 
coupled by side rodsin the ordinary way. Asshown . 
in the section of the engine which we published on 
page 282 of our number of the 7th inst., the cylinders, 
which are 24 in. in diameter with 24 in. stroke, are 
placed vertically at the side of the boiler, and the 
connecting rods are coupled to disc cranks at the 
end of the axle marked a in the annexed diagram. 
This axle is carried by bearings 4, which are fixed 
to a frame c attached to the cylinders, the bearings 
being intended to slide vertically in guides formed 
on the frame of the central bogie. In our note 
appended to Mr. pe sine ’s letter last week, we 
pointed out some of the objections to this arrange- 
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ment, but for the present we need not refer to it 
further. 

The cranks at the ends of the ‘‘ dead” axle a are 
coupled by ordinary side rods to the cranks of the 
carrying wheel d d' of the central bogie, and these 
wheels thus receive their motion in the ordinary 
way. Each of the carrying axles ce’ of the central 
bogie has mounted on its centre a broad spur wheel 
as indicated in the diagram by the dotted circles //", 
these wheels gearing into intermediate wheels g,' 
respectively, and these again gearing into wheels 
4 &* fixed on the adjacent axles of the leading and 
trailing bogies. Each of the wheels g and g' is sup- 
ported by a frame, the construction of which is not 
clearly shown in the drawings attached to Mr. Long- 
ridge’s pamphlet, but which, it is stated, is ‘‘ carried 
‘‘on the axles of the adjacent trucks.” Thus the 
wheel g is supported by a frame connecting and 
resting on the axles ¢i, while the frame carrying 
the wheel g' similarly connects the axles ¢'i’. The 
axle i and i'are, as we have mentioned, coupled to 
the two other axles of their respective trucks by 
side rods. 

Our readers will now be in a position to follow 
out the action of the gearing. Let us, for instance, 
consider the effect when the engine is going forward, 
in which case the several wheels will move in the 
directions indicated by the arrows in our diagram. 
Now Mr. Longridge gives the weight of his engine 
as 48 tons equally distributed on the eight pairs of 
wheels, or 6 tons per pair, and he moreover esti- 
mates the pull which the engine is capable of exert- 
ing as 11} tons. We have before stated that in 
our opinion this is more than the weight available 
for adhesion will warrant, but for the present we 
shall take Mr. Longridge’s figures. Supposing 
then the total tractive effort to be 11} tons, three- 


eighths of this amount, orl l.25 x3 _ 4.21875, or, say, 


4.22 tons, would have to be exerted by the wheels 
of the front and rear bogies respectively. In other 
words, each set of gearing has to transmit a power 
sufficient to enable this tractive effort of 4.22 tons 
to be exerted at the periphery of the wheels or at a 
radius of 2] in, from the axles, the wheels being 
3 ft. 6in. in diameter. 

Now a simple inspection of the diagram will show 
that supposing sufficient turnipg force to be exerted 
upon the axles ¢ e’ of the central bogie in the direc- 
tion of the arrows, one of two things must happen, 
viz., either motion must be transmitted through the 
gearing to the axles ¢i’ or the axles ¢¢’ must them- 
selves move upwards and downwards respectively, 
their centres traversing arcs ¢&, e' k' described from 
the centres of the axles i and i'. In other words it 
will be seen that the upward and downward pressures 
respectively exerted upon the axles ¢ and ¢ in con- 
sequence of the action of the gearin will be to the 
tractive effort transmitted to the leading and trailing 
bogies inversely as the distance between the centres 
of the axles ei and e’i’ is to the radius of the 
wheels. But the distances ¢i and ¢'i' are (as nearly 
as we can measure by scale from Mr. Longridge’s 
engravings) 48 in., and the radius of the wheels being 


4.22 x21 1.846 tons, or say 37 





21 in., we have 


ewt, as the upward and downward pressures 
exerted on the axles ¢ and e' respectively when the 
engine was moving forward and exerting Mr. Long- 
ridge’s estimated tractive effort. 

Let us now see the effect of these upward and 
downward pressures, the engine being still supposed 
to be moving forwards. In the case of the front 
axle ¢' of the central bogie, the pressure being down- 
wards can in no way affect the action of the springs, 
and it, therefore, simply augments the pressure of 
the wheels upon the rails, increasing it from 6 tons 
to 7 tons 17 cwt. In the case of the hind axle of 
the central bogie, however, the préssire being up- 
wards has to be resisted partially by the weight of 
the wheels and what we may call the ‘‘dcad load” 
on the axle, and partially by the load imposed 
through the springs, unless indeed we suppose the 
dead load alone to be sufficient for the purpose. In 
the case of the wheels d this dead | will consist 
of the weight of the wheels and axle, the axle-boxes, 
half the weight of the oneens rods, the wheel /, 
half the weight of the wheel g, and half of the 
weight of the frame connecting the axles e¢ and i, 
together with a portion of the weight of the springs 
dependent _ the manner in which these are 

‘ is dead weight may perhaps be esti- 
as amounting altogether to say 1} tons, and 


aring will be sufficient to carry the whole of this 
ead weight and about 7 cwt. of the spring pressure 
besides. Of course the effective pressure on the 
rails of the wheels d will only be 6 tons, less ? ton 
17 cwt., or 4 tons 3 cwt, against the pressure of 7 
tons 17 cwt. exerted by the leading pair of wheels 
d’, the difference thus amounting to over 47 per 
cent. of the greater load. If the engine was moving 
backwards instead of forwards this state of affairs 
would simply be reversed. 

It is perhaps scarcely necessary to add that the 
load removed from the axle ¢ by the upward pres- 
sure resulting from the action of the gearing is 
simply added to the axle i, while that added to the 
axle ¢’ is removed from the axle i’, as this is self- 
evident from the conditions of the arrangement. It 
will thus be seen that the inequality of load result- 
ing from the action of the gearing does not affect 
the wheels of the central bogie only, but also exists 
in the case of the leading and trailing trucks. This 
being so, our statement that such inequality of loads 
would form an important defect in Mr. Longridge’s 
design is perfectly justified. 

We have explained this matter at some little 
length, because the plan of connecting adjacent 
axles of railway vehicles by gearing has been pro- 
posed by others than Mr. Longridge, and it is as 
well that the action of such an arrangement should 
be generally understood. We may remark, also, 
that we have in the foregoing article treated 
the subject as if the locomotive was propelled by a 
constant rotative force. This, of course, is not 
quite correct, the tractive power exerted at certain 
portions of a revolution being greater than at others, 
and the upward and downward disturbing pressures 
on the geared axles would thus be at some parts of 
a revolution greater and at others less than those we 
have stated, the amounts we give being the average 
results, 

We may here, before taking leave for the present 
of Mr. Longridge’s locomotive, make a few remarks 
upon the comparison between this engine and those 
of Mr. Fairlie, which Mr. Longridge gave at the 
end of his letter in our last number. In this com- 
Pager Mr. Longridge gives the heating surface of 

is engine as 2080 square feet against the 2059 
square feet of the Fairlie engines for Peru. But of 
the 2080 square feet of surface in Mr. Longridge’s 
engine, only 117 square feet is firebox surface, 
while the tubes used to make 7 the remainder of 
the surface are 15ft. long. In the Fairlie engines, 
on the other hand, there are 183 square feet of fire- 
box surface, and this is of the most effective kind, 
the double fireboxes of the Fairlie engines, separated 
as they are by an ample water space, being most 
efficient steam generators. Moreover, in the Fairlie 
engines the tubes are of a moderate length, 11 ft. 
9 in., while the fireboxes are 5 ft. 5 in. high, thus 
giving plenty of space for combustion, In Mr. 
Longridge’s engine the firebox casing only projects 
a few inches below the bottom of the boiler, and 
the firebox itself —measured from the bottom of the 
ring—is only 3 ft. 6in. high at the front, and 3 ft. 
high at the back end of the grate. The firegrate 
does not extend the whole length of the firebox, 
the latter being crossed by a water bridge over 
which the products of combustion on their way 
to the tubes. The firegrate area is 27 square feet 
against the 34 square feet possessed by the Fairlie 
engines for Peru, and altogether the boilers of the 
latter engines have a steamiug powerwhich we should 
estimate as certainly one and a half times as great 
as that of Mr. Longridge’s locomotive. The trac- 
tive forces exerted by Mr. Longridge’s engine with 
a given pressure in the cylinders is, as he points 
out, greater than those of the Peruvian engines, 
the figures for a cylinder pressure of 80 Ib. being 
25,200 lb. and 22,373 lb. respectively ; but whereas 
Mr. Longridge has adhesion weight of but 48 
tons, the Fairlie engines have a weight of 65 tons, 
while they possess a boiler power capable of main- 
taining, at moderate speeds, a much higher cylinder 
pressure than 801b., thus enabling them to utilise 
their adhesion fully. 


Txames Pottutron.—In reply to an inquiry made in 
the House of Commons last Monday, Mr. Cross stated that 
it was not intended to make the pollution of the Thames by 
er &e., above et ot Se cal levine of ie hates 
water companies, a 8 n. He 

that the Laat Govecument Board, the Thames Co . 
and the local authorities had already enough power in their 
hands to deal with the question, much had already been 
done. He stated also he intended to re-introduce the 
Rivers Pollution Bill that had been deferred from last 








thus we see that the upward pressure due to the 








* HEAD’S PATENT PRIME MOVER.” 
To THe Eprror or ENGINEERING. 

S1z,—In continuation of my criticism of this engine, one 
of She peloeigel ape. satel, a7 i of its features is 
the slide valves. I have to do with both piston and 
tubular valves, and my rience of them is that unless 
properly ked with m c rings they soon become very 
eaky. grooves have a certain value in ing the 
speed of the steam past them, but they are far from bei 
efficacious. Seeing that Mr. Head believes so thoroughly 
in them, I would ask why has he not adopted them in pre- 
ference to rings, in the piston especially, seeing that the 
speed of the latter is five times that of the valve. By the 
Je adage made fp — s at mye et eee} 
c , over the of whic Re meting rings should 
slightly project at each end of the stroke. ithout these 
recesses circumferential ridges will be formed in the cy- 
linder, the dangers of which are well known. Neither will 
many engineers consider the of shrinking a cast-iron 
piston on to its rod at all a safe attachment. 

Next, the steam jacketting of the top cover is badly 
arranged, indeed it may be said to be pooesty not steam 
jacketted at. all, seeing that the exit dipping pipe leaves a 


yer of water over the heating surface of the cover. The 
ment of the top cover of a steam jacketted 
either of the plans, as per sketc 


best 
engine is below. 





To provide against the chocking of some of the holes as well 
as unevenness, or want of level of the heating surface of 
cover, there should be not fewer than four drain holes. 
Neither does Mr. Head show on his drawing an air cock, 
that small but important adjunct toa steam jacket ; I hope 
such is not also omitted on his engines. 

With regard to the escape valves, on the arrangement of 
which Mr. Head lays some stress, ali that may be said is 
that the waste water pipes shown attached to them are 
altogether inadequate to carry away the water fast enough, 
and unless there is other provision for escape than by the 

ipes shown, the escape valves might as not be fitted. 
oreover, it is especially important where cylindrical slide 
valves are used, that extra large escape valves be fitted, the 
well-known safety of the ordinary slide valve, in leaving the 
face to discharge water, being a virtue not possessed by 
the cylindrical vaive. 

Next, with bog to the bedplate, although it is. pre- 
ferable to have the bearing blocks cast on, it is with loose 
blocks certainly not necessary to have four bolts to secure 
them to the bedplate, much less to have in addition lugs and 
keys, seeing that two turned and fitted bolts would alone 
perfectly answer the meen. Still more objectionable are 
the four bearing cover bolts, seeing that these bolts cannot 
safely be made any smaller in diameter than if there were 
“ ak revand to th ecting-rod Mr. Head is right i 

i e conn = r. is right in 
making it largest at the crank end, but is decidedly wrong 
in making it so thin as to have to varen the crank-pin collars 
to prevent it bending sideways. This, besides ‘‘ sailing too 
near the wind,” in bing of safety, entails a loss of power 
expended on additional friction. There is no rod cheaper 
to make, nor that has a more elegant appearance, Gepecielly 
on an inverted engine, than a turned one increasing in 
diameter, with a straight taper towards the bottom end. 
The wr section of connecting-rod has been forced 
upon ‘‘ locomotive engineers’’ from inabili i 
cases, sufficient lateral base for a one. There 
should be no collars on the crank-pin, for there is a greater 
liability to heating than where there are none, moreover they 
occupy space that should have been added tp the crank-pin 
Norms. ng, Site disproportionately short, as compared with 

e sii - 

Finally, with regard to the cut-off, although it is true that 
a greater expansion than that arringed for by Mr. Head is 
Ee eee a it is none ere 
portant in an —— Ww governor acts only on 
expansion valye that therange of admission should be from 
0 upwards. With a minimum admission of ¥.ths of the 
stroke, the consequences of a sudden relief of the load, unless 
in the immediate presence of an attendant, would probably 


be very serious. 
Your obedient servant, 
April 25, 1876. ERimvs. 


To THE Eprror or ENGINEERING. 





Str,—I should be glad if you would permit me to make 
a few remarks on the subject of Mr. Head’s steam engine, 
on that subject signed 


and more especially on 
ages i ; that, 4 
writer commences by sayi - a com- 
und engine less compliseted’ at Tees costly ¢ Mr. 
vad’s engine can be made, and it being a fact that the 
erudest compound engine is, ceteris paribus, superior in 
economy of fuel and uniformity of motion to the most re- 
fined single laden aqmeten maienatie maint 
” re 
I sincere admirer of compound en- 
ree lait the fentiet of this desteuent, for T 


I 
am unable to a engine can be 
simpler and less costly than a single non-condensing 
cean as the latter, whatever its defects, is certainly the 


























Aprit 28, .876.] ENGINEERING. 347 
simplest type of engine in existence, and I am at a loss to | underside which must have weakened the boiler, this does | cluded that Mr. Longridge does not attribute the transverse 
ooo how it is to be further gas boa by the addition of | not appear to have been the primary cause of rupture. | rupture to con! js 
another cylinder piston and valves, and probably an air | I attribute it rather to excessive strain upon the ring seams Being dissatisfied with Mr *s conclusion as to 
pump and condenser. from an expansion of the boiler, o to steam having | the direct cause of the explosion and unable to visit 

The statement that the crudest compound ine must | been raisdd too rapidly, the result: being much ter ex- | the scene and examine the boiler myself, I had it examined 
burn less coals and run more smoothly than the most re- | pansion of the upper part of the shell than the bottom, | and | —. boiler engineer, and 
fined single-cylinder engine is inly carrying a = where the water w be comparatively cold. This is a | am ormed t boiler in was a very old 
to a most absurd point, for it amounts to saying that how- | frequent cause of rupture, and was in my opinion the | Galloway boiler corroded on the seating along the 
ever badly you make and design a compound engine, you | immediate cause of explosion in the t instance.’’ In} fourth ~ fifth rings of plates to about 4 in. and tin. 
cannot, however “crude” it may be, make it burn more | answer to a question by the coroner, Mr. Longridge said it | thick. steam pressure burst the boiler with a a 
coal than 2$1b., or run otherwise than with perfect smooth- | was a common occurrence for men to get up steam too fracture 


ness and bere for both these things are properties of | 


refined single-cylinder ines. 

Again, I think that although economy of fuel was one of 
Mr. Head’s objects when he designed this engine, I do not 
think that it was such a prominent one as is sometimes the 
case, for the engine is made for a district where coal is 
cheap, and steam is often taken from furnace boilers ; the 
very fact of the type selected being what it is, shows that 
extreme economy was not in this case aimed at, but rather 
the production of a plain and simple engine fairly econo- 
mical, that will ran smoothly, and require little attention 
or looking after. : 

Having censured Mr. Head for not adopting a more re- 
fined typeof engine, ‘‘Erimus’’ p to censure him again 
for refining too much the type he does adopt, and. because 
he (‘‘ Erimus’’) says that the type adopted is not favourable 
to smooth running, he falls foul of Mr. Head for taking all 
means in his power to improve the smoothness of its run- 
ning when he has decided to use it. This seems rather an 
odd way of passing sentence on a design, and one which 
affords the judge the pleasing certainty of a conviction in 
any case. 

I hardly think that ‘‘ Erimus’’ improves his case by con- 
demning the balancing of this engine, as his experience as 
to the non-utility of balancing is opposed to the almost 
universal practice, at least as regards quick running en- 


nes. 
eT do not think Mr. Head’s engine perfect, and believe 
that the letter in yous last signed ‘‘C. G. M.”’ points out a 
real defect, though one that may be remedied, but I think 
it may be said of Mr, Head tha 

suitable to his requirements, he, to use ‘‘ Erimus’s’’ own ex- 
pression, ‘“* put every detail through the mill of his mind,” 
and produced a strong, neat, and or her | the type) 
economical engine, simple in construction and occup 
little space, and having done this, placed the result of his 
work and experience at the service of the rest of the en- 
gineering public, for which, I think, all engineers owe him 


thanks. 
Yours faithfully, 
London, April 25, 1876. 


t, having chosen a type 


E. C. BR. 





To THE EpiTor or ENGINEERING. 

S1r,—My attention has been called to two letters which, 
under the above title, have’ tly ap; in columns, 
the one signed ‘‘ Erimus” and the other ““C.G. M.” Tam 
glad to find so great an interest has been excited by my 
paper, and desire to thank my critics for the courteous tone 
of their remarks. But inasmuch as many of the objections 
they raise were well discussed at the last meeting of the 
Cleveland Institution of Engineers (at which these gentle- 
men might have been present), and answered, as I believe, 
to the satisfaction of the meeting, they can I think hardly 
expect me to devote the necessary time and attention to re- 
discuss them in the public jo y 

I may, say, however, for the information of ‘‘ Erimus,”’ 
that a 20-in. ‘‘ prime mover’’ was tried under steam in the 
erecting shop of the Park Works, Sheffield, on the 22nd 
nst., in the presence of Mr. T. R. Crampton, the purchaser, 
and other engineers. Though supported only on wooden 
blocks, it ran up to 156 revolutions per minute steadily and 
noiselessly; and had not the supply of steam been 
limited, it might with safety have been driven up to 200 re- 
volutions. This would not have been possible with a similar 
sized ‘‘ over-neck,’® inverted engine, nor indeed with this 
one, aan for the extreme care which has en in 
making the forces directly opposite to their ive re- 
sistances, and in counterbalancing accurately the momenta 
of the moving parts. Had my unknown friend been there, 
he would, I am sure, have altered his mind as to what con- 
stitutes “‘ an unneces: refinement.” 

For the satisfaction of ‘‘C. G. M.’’ I may that indi- 
cator diagrams taken from these engines do bor justify hi 
forebodings. On the contrary, they prove a distribution of 
steam rym ee very closely with that which I had 
planned out, and which under the conditions of action of 
this engine, could I think = be improved. 

am yours truly, 


: : JEREMIAH Heap. 
Newport Rolling Mills, Middlesbrough, April 25, 1876. 








BOILER EXPLOSIONS. 
To THE Epiror oF ENGINEERING. 
Srr,—In Mr. a report to the coroner on the 
recent disastrous boiler explosion at Pendleton, it is stated : 
I found that the boiler which had first was the 
third in a range of four. It was a cylindrical boiler, about 
ret long by Fr aaaien made of } in. plates, with 
‘urnaces unil beyon e bridge, and forming 
oval flue, with 22 Galloway tubes. Rupture had Soamanenh 
on the underside, at the fifth ring seam of the 
the front end) extending through the line of rivets 
out the entire circumference, and at the same time 
the front through a longitudinal seam close to the 
seating. At this point there had been a leakage 
-— be ape had quan serious corrosion of the 
which was nearly corroded through, near the 
eam. The shell of the boiler was torn 
pieces.” . . - “Although, as before 
corrosion of the plates of the fourth and fifth 


and he knew of one case where this practice had_led to a 
similar accident to the present. In reply to another ques- 
tion, Mr. Longridge said the ouly thing to prevent these 
occurrences was to fire up regularly, to give sufficient time 
for petting up steam. solicitor for the owner of the 
exploded boiler said he had no question to put. Mr. Long- 
ridge attributed the accident to the carelessness of the fire- 
man. To this Mr. Longridge assented by saying, ** Yes, 
but the ries cause was weakness in the boiler. 

Now, I have no wish to say anything in extenuation of 
the bad popaticn of getting up steam too quickly, as hun- 
dreds of boilers are yearly damaged thereby, but I consider 
Mr. Longridge is entirely in error in attributing this ex- 
plosion to the practice, and this is not the first time he and 
other boiler eers have advanced the theory that a 
Lancashire or oway boiler is liable to explode by a 
transverse seam = ing at the bottom, through the 
upper portion of the shell being hotter than the lower 


portion. 

Letty Mr. Longridge is the most experienced boiler 
engineer living, I humbly beg to say he is in error in 
his th that these bottom transverse seam rips occur 
through the unequal expansion of the top and bottom of the 
shell, due to a ter and more rapid increment of heat at 
the top than at the bottom. I am ata loss to unders how 
Mr. Longridge and others who hold this theory, can conceive 
or picture in their mind the action of the strains that cause 
rupture of the bottom undue heating of the top, and am 
forced to conclude the theory can only be explained by ad- 
mitting the exploded theory of “‘ action ata distance.” 

The greatest strain should occur at the line where the 
difference of temperature is most marked, #.e., a little 
above the centre of the tubes, or just about where the ex- 


pansive action of the hot shell is resisted most strongly by | his 


the tubes themselves, supposing these are not hotter 
the shell above. 
J pag I = these —_, tg a especially 
in up steam or urging the . 6 w por- 
tion of the shell, and any tensile strain on the shell bottom 
and sides is mainly due to the expansion of these tubes. I 
confess there is a difficulty in accounting for the fewness 
of leakages and fractures at the ring seams at level of water 
spaces W the effect of the greater ion of the tubes 
should be most felt in Lancashire and Galloway boilers, 
and I am therefore led to conclude that the effects of the 
straining at the bottom so often proved by the and 
fractures found at the ring seams below, is more due to 
the sudden cooling of the bottom by the admission of cold 
water or air than to getting up steam too quickly. 
Frequent seam rips of this SenrigGien occurred with the 
boilers made by Goodfellow some years ago. But the too 
great size of the tubes for the shell, and consequent limited 
space for ci tion, combined with the evil practice of ad- 
mitting the cold feed-water at the bottom, accounted for 
the giving way of these boilers, in spite of the attempt to 
tie the bottom together by a strong longitudinal e 
iron rivetted to thejshell on the inside underneath each tube. 
The transverse rupturing was best prevented by admitting 
loway tubes 


the feed above the furnaces, and by adding 
to promote the circulation. 

As I understand Mr. Longridge’s theory, heating an iron 
plate along one side should severely strain the opposite side. 
A pair-of-scissors action amongst the particles of the ma- 
terial must be supposed to take place, which is absurd. 

No doubt the sudden application of heat to one point ina 

late of glass will crack the material, but notat a distance 
from the point of application. The most familiar instances 
of this are fhe cracking of glass globes on iers, lamp 
chimneys, and hot-water tumblers. But is a very 
bad conductor of heat and a very different kind of materi 
from iron in point of brittleness. What iron and steel 
will not stand, however, is the sudden application of cold 
or withdrawal of heat, which acts much more rapidly than 


his | the application of heat, in fact, almost instantaneously, | q, 


and all kinds of cylindrical boilers can be ruptured at the 
_ oe below by admitting cold water on to the hot 
es The longitudinal strain at the bottom of tubular 
ilers of the Lancashire, Cornish, Galloway, and present 
marine types is, however, in my opinion, ca far more 
the expansion of the tubes than by the expansion of 
the uppor portion of the shell. The strain is, of course, 
increased when the plates on bottom are liable to be con- 
tracted by the admission of cold feed-water. 

The rapid heating of these tubes whilst the bottom of the 
shell remains cool will strain the shell bottom and sides 
directly much more than the heating of the crown by the 
steam, and the tubes offer a far more effective and di 
resistance to the contraction of the bottom when it be- 
comes cool by the admisssion of cold feed-water or letting 
a current of cold air into it. 

. Longridge’s theory is correct, 
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Rosert WILson. 
11, St. Bride-street, Ludgate Circus, E.C/, April 22, 1876. 


NOTES FROM THE NORTH. 





still offering that price, sellers aski 
was reported in the afternoon, and Y 
unaltered. Business was done at the 

58s. 14d,, and the market closed in t 
buyers at 58s. 3d., and sellers at 58s, 
certain d of steadiness in the market on fore- 
noon, and business was done at 58s. 3d. cash, but only 1000 
tons changed hands, the market closing with at 
that Lip-w buyers offering 58s. 14d. The market still con- 
tinued steady in the afternoon, but with no alteration upon 
the Seqenann Eee Messrs. William Baird and Co. 
announced a reduction of 1s. per ton on the prices of fie 
Gartsherrie brands, and 6d, per ton on the prices of 
Eglinton brands. The market was very quiet 
Serenata with only 1000 bes sone a Ses. 1d, cash, 
clos ers over, . - Quietness 

ruled i the afternoon mavcet, with, Disings done at 

cas , closing ers over, 018. Last 8 


large, last week’s 
eres - rd een payee a ees el 

at even a lower range of prices 
ucers in order to stimulate 2s wil be quoted by. the pro 
be rendered possible by the reductions which ‘are in 
gress, or in prospect, in the rates of the miners’ and’ 
urnsed Fitinee 4 Ww The warrant market showed 


tion this 


are ing repair, 
present rate of production of 
about 173 tons per week. ' 
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mentioned have heen made for Mesers, Dike 
the G Locomotive Works, for w 

eagle fine j-in. sheets Sarees Mostin 
ee 


h 


of the Steel Company 
near Glasgow. On the occasion of a recent visi’ 
tyne I saw some excellent work done 
and steel sheets. One of the f: , 
to shear 14 ft. 6 in. by 4 ft. 1 in., > Sam 
wire bare, and the w: weight 
was com! 


Bennett, a South Staffordshire tleman who 
fos bien comunstel th the sheet and plate radon for, the 
last twenty-five years ; machinery y 
Messrs. Mi » engineers, Vulcan Foundry, 
Coatbridge. 

Royal Scottish rawr Kd Arts.—A meeting of this So- 
sty wos NAS os ents YA Mr. Alex. Fraser presiding. 
Mr. William Ireland Bue ven, ——s, a . es 


descriptive of a new instrument for indicating the draught 
on spinning and preparing machinery. 

Institution po Tar ineers and Shipbuilders.—The con- 
cluding meeting seasion of this Institution was ar 
ht, Mr. nsolton R. Robson, President, in the 


liam Park , engineer, 
f= 7 


engineering 

be awarded, as 

been read. On ‘the 

Snen Deeieee, wun sareimonsty 

Marine Medal to Mr. 
“On 


ties of Speed 
; and by singe major 

the prorated Set ote carded Se 

= a OE Pia Dp Siemon h of Gylindrieal Boiler 

rr the treasurer and 


© the session was sub- 
for the session 1876-77 took 
lected 


interesting suggestive paper 
Locomotives and other wae am a Engines, 
Ebenezer Kemp, was read, the discussion on which was 
tponed till next session. After a few ng yee” vale- 
Some remarks from the retiring President Institution 
adjourned for the summer recess. 

The Late Mr. Diibs.—I to announce the death 
of Mr. Diibs, of Messrs. Diibs and Co., the well-known 
locomotive builders. I must reserve until next week an 
= of Mr. Diib’s career. 


Association of E 
prliees .—A meeting ~ . ene =e 
t, in the Religious ns’ on 

, President, in the chair, when 

and instructive 
A discussion 
vote of thanks was awarded to Mr. 


voting of this As and Shipbuildt 


Mollon for his paper. 








NOTES FROM THE SOUTH-WEST. 
ar Tron Ci my.—Miss Pochin cut on Thursda; 
the frat sod ofa now cole | a=} - Tredegar 
Iron Company, near 
Miss coe re ee einer on e of 
elegant and artistic design. 1s caloulas that 25,000,000 
tons of coal of the best quality will be made accessible by 
means of the new pi The amount to be expended in 
“aking the pits ip cotimated at 60,0001. 
The Miners’ Union.—A conf been held at 


months. A rule the amount of a member’s 
subseri, to the union gave rise to a long debate, which 
res' in the ing not to alter the 


THE JAPANESE AT PHILADELPHIA. 


The Japanese Government Building at the Centennial 
: Grounds in Fairmount Park. 


By Josuva Rose. 
Tue erection of the above building, to be occupied by the 
Ja Commissioners, is exciting a great deal of curiosity, 


only on account of its peculiar method of construction, 
but alee on account of the peculiar tools and appliances 
used by the workmen employed in its erection. e work- 
oe De who were -_ —_ Japan with the four car-loads of 
construction of the building, 2. 
ey ecient and expert artisans, and handle their 
Kools i in a manner showing that they feel a complete mastery 
over them. 
The members of the Nex sa fraternity whom we met on 
a recent visit, after minu' egy ~ framework of 
the structure, pronounced i ** beanti ul piece of work- 
manship,”’ but As com lete Chinese pussle. Not a nail 
or a screw is to be foun in the whole of it. The sills are 
of Japanese fr, the joints, mortices, and tenons fitting with 
great exactitud e. Fig. 1 represents the external appearance 


Fic.t. 





of one of the sill splices, A a wooden wedge 
driven lightly Sone. In addition a fe a aan 
there is in this splice a dovetailed tongue 

ning “4 h centre of the wood onan end to —y of the 
splice splice presents the same appearance top and 
bottom and on opposite sides, and fits very neatly together. 
The splices and mortices and tenons were all vd in —~ 
timber when brought here; nor are there oe ea 
——: upon a close examination, to indicate that they 

a 


ve ever been tried together, = 7 they go together, a driv- 
ne See em acco! e necessity of the case de- 
mands, with — accuracy. 

The finished pieces, such as the uprights, were a gy 


from Japan, carefully packed and wrapped in 
when they are first unwrapped the surface of the nm a 
a gloss upon it almost amounting to a polish ; exposure to 
the air, however, soon destroys the gloss, but leaves the 
face still smooth and even to a degree quite unusual in work 
“The oP hts are of J red cedar, which i 

eu are of Japanese which is a very 

Dag as a straight-grained wood, and free from 
a: The panelling over the doorwa, Le of a fo ae of 
Japanese oak, being a very cl 
one, even in Japan. The workmanship ya en in this 
panelling is exceptionally excellent and attracts much at- 
tention. The mortices and tenons go together a very even 
fit, and are fastened by taper square wooden pins, and 
are, we were informed, of peculiar construction. All the 
information, however, to be gathered upon this point was 
that they combined the principle of the d dovetail and the 
mortice and tenon. Their appearance, however, 
does not — any internal intricacy. Ref now to 
the tools used by the workmen employed, the remarks of a 
house a made to his a ~ oe very Dy 
ropriate. Looking at the my eg fm 

Fig. 3, he said, ‘* Kither us or them flor hn got good 
deal to learn in the way of 














which tool is represented in Fig. 5, the blade being 
-cast steel, and the eye of wrought-iron welded on. The 
handle is of round wood, of nearly 1 in. in diameter, the 
bark being merely stripped off. Tn appearance it much re- 


FiIc.s. 





sembles English maiden tung ; its length is about 2ft., and 
it must have a little s in it if wielded heavily. ” One 
tr me | of the wor peas uses this tool very dexterously, 

ving but very slight tool marks indeed. Their chise 5 
are of the usual mee, save that the under face is hollowed 
as shown in Fig. 6. 


Fic.6. 





in. thick, and 10 in. 
" and not while 


nd cat are about 2} in. hey 1 
long, cut = being drawn to 


om, ein . a blades have no wedges to lock 
—_ ing sim: ye tted very finely to their places, and 
reed through with the palm of the hand, the workman 


fo it through to the requisite distance by the e e. The 
Mode thes a small amount of taper upon it, a forces 


} won very evenly and slowly, nor does it ap to be 
liable to move from its position, while the shan cut by 
it are in appearance like satin ribbons ; part of this is no 
doubt due to the excellent quality of the wood, and part of 
it to the thinness of the shavings. 

nstead of a mallet, iron hammers, of about half a pound 


ight, are used, both the faces being round, while to drive 
» a small hammer, having a round face at one end and 
wap int the other, is employed ; a blow with the spike 
es an indentation to receive the nail point, the 
— face of the hammer being used to drive the nails 
me 
It will not resumed, from the ap ce of these 
tools, that the 2 in workmanship ¥ which undoubtedly 
exists in the structure be ing erected, is on a 
able to the superiority of ‘the tools, but sales hor to tho qual 
of the workmen. ere, however, the element o’ 
should be taken into account; hence the only hn 


that can fairly, under the circumstances, be drawn is, that 
the workmanship is far superior to what we might have 


pes melange ey ag ey a ge , especially 
——s their tools. Nor is it likely that improved 
d in their case produce greater excellence of 


workmanship, because all experience goes to show that with 


1 
| WH! 
i 


i 
ll 


improved 


tools, machinery, and 
ees su) is dtaleneael 


appliances, the in seer 
tsmanship departs, and the de- 

gone the supply ceases with it. We erties 
re in produ ens of workman- 


better 
nm than our foref: ven fine: 
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1 will 
WATER-TUBE MARINE BOILERS. pon prose bong ery Stan. rosver cay and 


ventor, is ‘that of Mr. Wigzell, shown in Figs. 
It will be noticed that this is 


will surround the inclined cylinders, and the other cylinders 

ing perforated with tubes it will pees through these on its 
way to the chimney, its exit yp yes seins meee com- 
P by blocking up the outer spaces between the 
cyli iap! plates. No boilers of this design 
have yet been tried at sea, though the inventor me 
that most satisfactory results are obtained by its use for 


purposes. 
We set out with the statement that, so far 
lights enable us to judge, greater economy in the 
at sea can only be obtained by increased boiler 
that cylindrical vessels of small diameter are the 
tical generators of high-pressure steam, tha 
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of the matter it is to discover war 
has been insufficient. In ti eagann hey 
for steam is vertically above the upon which it is 


e friction through the superincumbent water. laste 
at the diagrams, it will be seen that the steam generated a’ 
certain portions of the boiler surface, in all the examples of 
‘ water-tube boilers, must travel a greater or less distance hori- 
Fics. 15 anp 16. Wiaze.i’s Borer. : zontally, or _ horizontally, before it can make its 
movement in a vertical direction, and in some of the cases 
the steam encounters repeated obstructions to the horizontal 
deviations from its continued ascent through the water. 
No difficulty of this kind is to be found in the ordinary 

water, 



































marine boiler ; the steam as it is generated ascends by a free 
and natural action pr grin apg on 
and it is only when steam can move ina or 
i Gecstion thas tb hen any Snciney. 5s Comeanes 
all. To design a boiler in such a manner steam shall 
iis lig. deen a seroup Souci Raa 
is y down a wrong principle, use 
movement can only be Scampenall bende 
those particles of steam which are i 
jostle, so to speak, their neighbours 
portion of their journey. Now, the test obstruction to 
circulation er pressures, apart 
of the tubes, is the great friction. An arrangement which 
at a lower pressure would give fairly good results will quite 
refuse to produce circulation when the friction is 
serious): y increased by high ure, and it is evident that 
a high- water-tu' ler must, if it does not depend 
on arti yp tepy re tiny: no Pe of its ar 
arranged a horizontal flow steam throug’ 
water is necessary. The features which the successful 
marine high-pressure boiler must are, a clear vertical 
lead for the steam as it is genera’ 
the water and upcasts for the steam, and accessibility for 
the removal of incrustation. Whether the intro- 
duced, but not yet fully tested, may be found to give better 
results than some of those we have named is a problem yet 
to be solved. 
I have to express my thanks to the various manufacturers 
solheuen whe have-estished in the preparation 
of this 5 ant lawing, Maety.. movebtee some. See 
i ipal experiment alread at sea with the tubulous 
Collar, i semeiun 40 feet the Admiralty is now engaged 
in a trial of the high- boiler on kins’ system, 
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ON WATER-TUBE BOILERS.* 
By Mr. J. F. FLannery, Member. 
(Concluded from page $20.) 

TRIALS were mode of the Howard patent safety boiler in 
the steamships Fairy Dell, Meredith, and Mare Anthony. 
These boilers were all constructed about the same date, 1870. 
Their working on board ship in all these cases was quite un- 
satisfactory ; the lower tubes burst, others leaked, and 
poe And priming took place. These results were traced 
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the same causes that led to the difficulties ex- Bi ; and no doubt the results will in due time become 
persnced Pa Se ne ae Malta, and it is un- Y known. It is a matter of ad Fyre seaery to the & 
ecessary to discuss them in detail. J ession eminent ° 
After di ing so fail of th ter-t , in-Chief of the Navy has taken so bold and enterprising 
rine, paot ee Ti peer itn dering te stuns esnamadhe checks, tnguateulins! ceieeiae aioe ine 
example 0 e tu ous + f) 
marine : e of the earliest advocates of the jem A i : chambers ave stayed Mis the wlonigued sbestifoalty ond ies accordance 


; ; locomotive firebox, by means of sta; h the | Water-tube boiler, desi in 
tubulous is Mr. John Watt, of Birkenhead, and his | $ being . | with the experience the past failures have taught, holds out 
e{stemis shown onthe diagrams. ‘Figs. 12and 19 represent | Giontly long i enable the tubo doors to be, scoured. ‘The prospect of much more satisfactory and profitable work 
: the steam e. “* The boiler consists of tubes are in diagonal rows, and the course of the flame is in has yet been obtained by its use at sea. 
f Series of inclined tubes connected at their ends to rec- zigzag direction amongst them.’’ A very brief considera-’ ret 
mone water chambers. To the top of the chamber is con- | tion of the natural action of the steam and water in this ; Discussion. 
& steam receiver, from whence the steam is taken to | boiler will show that it possesses features superior to some| Rear-Admiral J, H. Selwyn, R-N.: I have long taken a 


* Paper read before the Institution of Naval Architects. | of the boilers already described. As the steam is generated ' very great interest in this subject as being the real basis of 
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mestions in connexion with such 
for such — is the at 
, practical amateur, have 
increase of economy to be arrived 
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at by increased Now I hold an opposite opinion 
we the Mr. Alfred Holt, tha ae dey the _ 
a greater knowledge practically of w! been done 
by steam, and by coal, and by ines, stated some time 
, a8 a reason why the Board Trade ought to allow 
pressure, in effect this: “‘ Comparing 

the position Se tn now with what it was twenty 
ago”’ (he to the time before the recent altera- 


compounding and surface condensation) 
got for a certain quantity of 


get now eight horse 

hink that is a aol seal 
he steamers, you will 
that engineers have within the 


the horse obtained from 

coal from 5 to 8. Now letus divide that 
was that we introduced surface 
to six. Let us begin at 
was 25lb. on the 

that gave us 40 lb. absolute 
we had six horse power for 
To-day we are working with 
and 15 ib. of atmosphere, 
we 
e 


we done? We have added two to the six, 
wea gat 0 ; we have multiplied the 40 Ib. by two 
and 80 Ib. . Now investigate this question 
, Py practically or m any 

you tina; fa eerar abs eres of it than thin, thek 

as es double you have to nape epee power 
arithmetical progression, pressure in 

.. Now follow that a step or two. 
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ft is said that * the Board of Trade would allow us higher 
pressure, we undertake to ake Ae 
mortow.’’ Where should we be then 80 is 160 ; 2 


and 8 are 10, At 145 Ib. on the boiler you will just get 10 


McFarlane Gray one question? 


say that 
economy 


this 
in 


you 
contained any statement that the 
directly in the same ratio as the 


pressure increased? That is not so. 


Mr. McFarlane Gray: I did not sa 


that at all, but I 
excellence 


meant to have said that I was so struck with the 
, and with the remarkably clear way in which 


of this 


it was , that it was a 


to listen toit. I think it 


would be worth while for the Institution to pay the expenses 
of the beautiful drawings which are exhibited here in re- 
lation to this su 


Mr. C. 


Knap. 1 tave been inti 


connected with the 


constraction of the boilers of the Birkenhead, and also 


difficulty we had to contend 

marine engineers, and to that was owing a 

the failure of Root boilers in the Birken . We have 

now, however, entirely overcome the great drawback which 
tioned 4 


mined them during their work. Another 


ly exami 


with was that we were not 
tt deal of 


, viz., the accumulation of steam in 


the tubes. We have never had damage done to anythi 
beyond the tube itself. Cast-iron heads and caps heaped 


been o! 


to ; 


but really the fact remains that we have 


never had accidents, and surely if that is the case, then 


for the Board of Trad 


e to object to cast-iron 


and > not, as I submit, a just objection. I should 
think that marine engineers could make these boilers suitable 


for marine purposes, and 

matter were taken in hand 

Mr Forteseue Flannery, in 

yd alluded to a well-known and ful 
t we 


a 5 


only get one-tenth practically of 
calorific energy of the coal, and it is the earnest desire of 


all 


engineers 
I have desired to emphasise the 


we should be most happy if the 
r nw: The first 
i ‘act 

the theoretical 


to increase the practical effect obtained. 
fact that the higher the 


pressure the greater theeconomy. Of that there cannot be 
any doubt. 
e Chairman: Gentlemen, I am sure we are all very 
much indebted to Mr. Flannery for having brought before 
us, in so very clear and interesting a form, such a very im- 
portant subject, and I am sure you will all give him your 
thanks for the paper which he has read this evening. 








THE PHILADELPHIA EXHIBITION. 
In compliance with an invitation from the Lord President 


of the Council, the following gentlemen have consen’ 


ted to 


act as Judges at the International Exhibition at Phila- 


delphia : 


inerals.—Mr. Isaac Lowthian Bell, M.P. 


Chemistry and its Applications.— Professor Odling, 


Cotton Yarns and Woven Goods.—Dr. Forbes Watson, 
reporter on the Products of India. 


oollen Goods.— Mr. —. 
Weapons.—Major W. H. 


horse power instead of 8, sup no new dra 

introduced. Now it up 2 and 2 to 16, and se|/ Fr RS 

what require before you to that. It 

would secuive 180 pounds on the equare ine to double the 

present even if that pressure could be carried 

A gentleman who is interested in water-tube boilers two | Member of the 
days was this point with me, and he put it in | Officer of the E 
words the views which many of you have} Hardware an 
ue tis eect. He said: “‘ Why I go in for such high | Aberdeen. 
pressure is have found that with every increase of 


pressure in a locomotive boiler there has been an increase of 
- Cen Wh eee ne i 


it 
i 
rH 


i 
5 


i 


E 
3 


s 
HE 


i 


Hee 


& 
F 


2848 
ail 


s 
cy 
: 


i 
i 
E 

F 
it 
SE 
if 


| 


| 
: 


i 
4 
i 


fi 





i 
i 


Mitchell, of Bradford. 

oble, B.A., late Associate 
ce Select Committee, and Second 

imental Branch at Woolwich. 

Edged Tools.—Mr. D. MacHardy, of 


Education.—Sir Charles Reed, M.P., Chairman of the 
London School Board 


Indus 


Metal and W: 


C.E. 
Spinning and Weaving Machinery.—Mr. W. W. Hulse, 
OF. of Eanchosien. 

Sewing and Clothing Machinery.—Mr. Frederick Paget, 
C.E 


Motors.—Mr. W. H. Barlow, C.E. 

Railway Plant.—Sir John Hawkshaw, C.E., F.R.S. 

Pneumatic and Water Transportation.—Colonel F. H. 
Rich, R.E., of the Board of Trade. 

Agricultural Machines.—Mr. John Coleman, of the Royal 
Agricultural Society of England. 


trial Designs.—Mr. Peter Graham. 


Machinery.—Mr. John Anderson, LL.D., 





Unton Pactrtc Rarnmoap.—-The net profits of this out 


road for 1875 were 7,011,786 dols., sho 
1,306,607 dols. as compared with 1874. 
expenses to the traffic receipts last year was 41} 


por onal. 


an increase 
ratio of the 





LONDON ASSOCIATION OF FOREMEN ENGINEER AND 


DRaAvUGHTSMEN.—Mr. 
read a paper before the members, at the 
Employment of Iron 

Non-members interested will 


on 
will be “ 


ings.” 


0} , Jun., , will 

Mr. Moreland’ ihjeck 
r. su’ 

Construction in Build- 
be admitted, and Mr. 


J. Newton will occupy the chair. 


QUEENSLAND 
in 


to a 
rmment 


construction 
Railway, which will cost 400,000/. 


RatLways,.—The treasurer of Queensland, 
Papretion from Stanthorpe, stated that 
the colony intended ing the next 





FEBS ACK A ABD THE CASPIAN. 
following by Mr. Henry C. Spalding, 
an American engineer who has lately been visiting 
Spal Pe Hn Fhe Boer ns Pow ange Mr, 
i been good enough to promise us further 
details bt his plans, and thees details we before 
long to lay before our readers, wher we shall have 
something to 4 on the general bearings of this 
grand and highly interesting scheme. Meanwhile 
we may state that the paper we subjoin is now in 
course of translation and publication into the 
Russian language by Colonel Muller, of the Russian 
War Minister's staff, and it has been submitted to 
his Excellency Peter Semenoff, President of the 
Imperial Geographical and Statistical Commission. 


“In the southern portion of the Russian Empire, along 
the border lands which —_ Europe from Asia, there is 
situated a great basin, depressed below the level of the 
ocean. This basin receives into the sea which occupies its 
lowermost parts, besides smaller tributaries, the two great 
rivers Ural and Volga, which drain a very large proportion 
of the central regions of the empire. 

“These tributaries having fora very great length of 
time, by the processes of detrition and alluvion, deposited 
the soil of the extensive districts drained by them in this 
— ~ dimensions —_ ——— he yom and the bottom 

e remaining portions elevated, until very large areas 
are we unnavigable, and until, reason of the 
diminution of the water spaces available for evaporation, 
the surrounding regions are becoming sterile wastes, and 
the commerce which should enliven both sea and land, 
diminishes, notwithstanding the approach of civilisation. 
These , slowly but surely and steadily advancing 
on’ ,» will in time convert this sea into a great marsh, 
and lands still uctive into barren and desert regions. 
The results of the gradual shoaling of this sea, and of the 
contraction of the area of its waters, so far as navigation 
is concerned, are easily foreseen. But of the climatic 
change and its results—the more important subject—less is 
generally known and appreciated. Therefore a few words 
upon that topic may be pardoned. 

‘It is known that vegetation depends for nourish- 
ment and sustenance, first upon the air, and secondly upon 
moisture. The air supplies the carbon to the wing 

t through its foliage, and it is carbon which, by its com- 
ustion, produces heat, whether in the fire or in the animal 
economy. But without moisture the carbon of the atmo- 
sphere could not be received into the leaves, nor could it 
be distributed from them through the branches or stem. 
comuny 09 ghepcteengts be the pleat, anni kas tn Geer 
cessary to give e plant, not issolved 
and supplied to the roots, nor could they be received by 
the roots and distributed throughout the plant without the 
aid of moisture. Therefore, as the value of any ion 
for the habitation and support of man or beast is nae 
upon water, the effect of diminishing the water area of the 
interior of ¢ continents is to bring about barrenness 
and Suepidion in proportion to the extent of this dimi- 
nution, just as past. w as the absence of the sun brings 
about darkness. The first effect of the shrinkage or con- 
traction of the area of the Caspian Sea was to diminish the 
fertility of the districts immediately adjoi it, except 
to the westward, but a secondary result was that as their 
water supply diminished the evil —_ and increased, be- 
cause evaporation upon also when there is 
any appreciable supply of moisture; so that by the loss of 
the equilibrium between demand and supply this evil in- 
fluence has already, by its reflex action, distributed itself 
over a great region in Asia as well as over a lesser area in 
Europe, while there is the prospect of a further and steady 
increase of its effects. ‘ 

“These influences, both direct and reflex, have also been 
exerted in the cases of Lake Balkash and the Aral Sea ; 
direct in the matter of detrition and alluvion caused by their 
own river systems, reflex in the hasténing of their shallow- 
ing and loss of evaporation area, because of the shranken 
proportions of the ian. 

“ Therefore, through the operation of these natural laws 
a great desert is in process of formation in the midst of the 
Russian Empire. 

“The questions how this disaster may be averted for 
some thousands of years, and how, by a counteraction and, 
to some extent, a reversal of these great advan- 
tages, commercial, industrial, political, and social, may be 
secured to this region and to the empire, will form the subject 


of this . 

The | process ‘all lerioration described was 
bably the occasion which. drove forth the vast multi- 
Pides in ancient times from the. then unknown East to 
, whose migrations, and conquests are men- 
The regions of thee arth beng Se oe coeront 

e no su 
forced ays ee MN 
i wars, 
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ance from every point of view, and su 


















worthy of discussion. hag aed versi navy. 4 

* While there may be imperfections detected in this the river between ints. A similar work was per- ‘The addition of on 
tn thes antianaten boaed oo ap h elesinlions, Gane formed in Ajnersca by onteing th the ridge of cote ay epenenpennna ages Ye rainfall of those 
presented and theories aaeaent will probably be f which sepersted. the waters of the River from anerione in the same propertiene ie result Bay 
stated with sufficient precision for the purposes of a of the River. The Feel was that the current of upon enlarge me yt increase 
review of the subject. the Chicago was reversed, a1 it now discharges its waters, the tity, of Sine reversal p By Fa sore 
My In comslienk the sounans whengs the. requisite supply op war aa oes of Late Michigan, into ba Byers ok Ley nee aa} caingal, cnast = effects 
ort water ma wn for purpose, we are hrough ? ? Gulf ‘ould dissolve wash salts ot 
Suns anmaintions-ciieoh Ghek the ne ply should be and | Mexico, instead of the St. Lawrence. If it Wie roan eretews — soon render them 
unfailing ; secondly, that the aa which this supply ee be the pore, bane at none 
is secured should be fully equal to any demand for sites ni i the hit probed lth pipes rainfall 
urposes. These requisites are only to be found in the} u : pinnate None pe enna 
direction of the B Sea. This sea, by means of its con-| inconvenience caused by such an operation would t e. indirect tu influences 
nexion with the Mediterranean, can furnish both the water | repaid by increasing the usefulness of that river. and by the new strait ? Soon ex themsclves— 
supply and the maritime facilities for commercial and Song 1h bles & past oh She pew Soll ct and in- | first, in Rromoting yng) eres perenne 5 
naval communication with all the world. By means of a} dus operations. The labour of cutting these two agen seidienting severity winters hore 
cutting, about 250 versts in length, across the ridge dividing | very great in great changes 







water ways should be performed by steam, and the plan 
used for the firt cost ellacventa be em the 














i ty. 

‘*This cutting should be, when completed, an artificial 
strait, deep enough for ships of any ht, and wide 
enough for ships of any width to pass each other. Here, 
course, the usual objection arises that the cost of such a] ¢ 
work would be so t that it can never be executed, nor. 
made profitable when completed. Neither of these objec- 
tions is tenable, if the best method of accomplishing the ¢ 
work is cmpmer ed, and if the questions of loss or gain are 
fully considered. : 

“* The way to construct such a work presents itself first, 
in order, and it will be shown that this is easier than has. 
been hitherto supposed. ' 

‘* Beginning in the basin of the Conginn Se. at a point, 
15 metres below the level of the Black Sea, a level cutting 
150 metres wide should be made westward, to such a dis- 
tance that at its western extremity it would reach a 
of ten metres. The surface of the earth atthat point would 
be five metres below the level of the Black Sea. Here this 
broad and deep cutting should be discontinued, and. a 
narrower and shallower cutting should begin, which, with 
certain exceptions, should be carried all the way. across. 
aun a 8 nmin: vA ie te eee 
expense of it inconsiderable; ye its .fo ii 
would, in the end, govern the character of the whole work. 

i * n this and the waters of the Black Sea, 
cutting only five metres below the sea level at.one end and 
three at the other, 50 metres in width, were to be.made, 
the water would flow through it at as of about 12 
arr hour, and, upon reaching the end, would be 

recipitated down a fall of ten metres in: height into a 

in thrice as broad as the channel whence fell, and 
from which an easy exit would be made into i 

Sea. The effect of this outfall into earth of ordinary con- 
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“* At the Caspian end t! houl 
formed, but they should be in such a position that 
the earth washed out from the excavation should not enter 
the enclosed space. This necessitate pl this 
harbour upon one side of the canal and the en f 
tion of it until the channel became navigable, after which j; 
the water could be made to flow through it, and the open-|}; 
ing of the new strait into the sea cou closed. 

“In the construction of the interior harbour it might be 
lined with quays. _ The facilities for doing this would be’ 
very considerable, because there would be no water in it 
until it was filled from the Black Sea ; therefore the expense 
would be much less than that which attends the construc- 
tion of quays under the usual circumstances.. This 
va iy 9 the commercial seaport of the whole of the 
interior basins, and round it would grow up s large sity: 

‘* Tt may be objected to t lan that the allnvion de- 
posited in the Caspian venkt towards filling. it with | the 






























es' and 
could be by any other means, and of the ie 
hb | be the most crowning glory and achievement.”* 
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sistency would be to give it a trem: excavating power. . ‘ 

The force of the water, acquired by this , would be | brought in during the of filling would be less than , wis ; 
exerted in excavation corer irecti , in deepening | that, deposited by the rivers during the same period. There-}_ GERMAN Dose. ae n.of coal sa in the 
the waterway at the foot of the fall; secondly, in cutting | fore its effect upon so great a body of water would not be pry pnene ale 5 » 5,109,320 ine 
away the earth around the three sides of the basin ; while | perceptible unless it were carefully looked for; and as. the | 4,500,000 tons in 1874. ri iis 4 
the fact of its nearness to a still greater outfall would give economy of the process is so great we can well afford to } tons wi rH ma BS O80 fone to . 

it such rapidity of current in the lower channel that for a| shorten a little the interval of thousands of years which in 8 manger yD yay boats 
long time it would/carry with it into the sea all the materials | must elapse before its dimensions will again foacmrnel Tare ‘anuary, . ce 


thei it area, 
a a seepias material removed 





thus excavated. 
**Tt will be perceived that the element.of reduction of 
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cost of the work is found in the utilisation of water for the | the harbours should be formed into ies of fortifi- 

purposes of excavation. yap = yaad ny oy ares cations., The country on ei side of this pF se! could pining, ee ACROSS pete ses ava 
to be able to perform its work with great rapidity and little | thus be made im to attack upon land, and. the | The owen. Comal Aberdeen held a ea jest 
eemey Sad mag safely bo trented bo ensarete © levand Strat) Se Sos soskd. "ha tiie ceiet beta wreeld be] Lema c contrition a tararie 
c loose or . passage in i. ! . 4 

Sea to the Caspian, not lese than 15 metres nor less | rendered secure from hostile approach by sea, it would be the esesiicn, & 8.fesvemereay Dera 20 orry in the act 
than 150 metres wide. In order,. however, these | the best place in the whole world to establish bps aging i pe contribute this, the 
dimensions should be obtained, it will be necessary to cut | armouries, and arsenals for building and repairing ships, been arrived at on Tuesday, 21 

through all ledges of rocks or strata of indurated earth to tion 


reparing and storing arms and ammunition. 
PrPThis'new Mediterranean would be navigable 
ships from the borders of Persia to abont the 
of north latitude along the estuaries formed by. 
and the Volga, and it would be navigable for 





the depth and width. These can be located. by boring, 
and examined by pits, after which they may be. remoyv 
by the usual processes of excavation before the water is let 
in to ‘orm its work. oxy 

= movement of the water h a channel of three 
mates by SO. metres, aha Fate, of 12 i mppires pow. bows, 
would fill a space in a year equal to 522 square k f 
from the level of the Caspian to that of the Black Sea. 
This wonld fill the e i 








week, and, as the entire distance to be enlarged would pro- 
bably not exceed 300 versts, it would be completed in abou 
six years, after which the filling would proceed with a 
current of about 20 kilometres per hour, so that, at the end 
of 40 years from the poe 2 of the work, the levels of 
the two seas would be so nearly uniform igation of transportation | , 
the new channel could begin. This ti pendectinty By railways, from Turkestan and 
to about 25 , if, upon the completion of the work| China to the river Emba, a port in the valley of 
already described, a sufficient. quantity of the plant em- | useless |. existence 
ployed in that operation were to be in repeati 

connecting the rivers Don and. Volga. The , 

being shorter, would be completed with greater rapidity, 
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H.M.S “INFLEXIBLE.” 

Axsovurt two ago (vide page 26] of our seven- 
teenth volume), we pu an illustrated descrip- 
tion of H.M.S. Inflexible, and we at the same time 
criticised her chief features, At the time when the 
notice here referred to many con- 
nected with the —, of the vessel had, of 
course, not been deci upon, and we therefore 
now supplement our former account with the fol- 
lowing extracted from the 7imes of Wednesday last. 
This account will, we believe, be read with interest. 

“The Inflexible, double-turret ship, ie a triumph of 
mechanical ingennlty, and marks an era in the history of 
pa WL ing. 7 {FAL the = 

attaining stage ir as regards ie 
of our men-of-war, there ot Ee reason to 
believe that she has been excelled, even before she has 
entered her native element, in her special points of enormous 
penetrating power combined wi i De- 
signed as an im 
will 
ich are building 


ge 


BES 


it 
if 
sf 


tes 22-in. thick, and are armed 
long, and having a calibre of 
af 300 Ib f powder, rs poe a 

.0 , are su 
of carrying» hot 2000 Ib. in weight. Nor 4 this 


and Co., of Sheffield, have publicly 

are willing to roll solid plates 30 in. or 40 in. 

Sav aneee ne 5908 08 ® Gan, es bene Staeraaten of suffi- 
their 22- 


cient to - in. sales | and = 
onan accepted sooner antici- 
pate. ‘oe sete the advantage seems in favour of 
comet, Det Ss sogtamaay io beng gradually undermin 
a7 experiments at Dulmen. A few months 
57,500 Bens Stata segeenilien eeethed 
of the iron in two thicknesses 
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. a 
Inflexible—that is, 24 in. o! 


to the weight carried 
che poten or number of 


upport the arm parts. 

Hence to increase the weight of the armour and the batteries 
inevi' leads to an ent in the dimensions of the 
of the Pe The Sultan, with its 9-in. 

armour and 12 guns, has a displacement of 8899 tons; but 
the with 12-in. armour and only four guns, has 
a displacement of 9062 tons. In the case of the Inflexible, 
a total of 320 ft. by 75 ft. is required to float a citadel 
110 ft. in h by 75 ft. ; and although the design in her 
construction was to put a battery on a thin iron ship, 


merely protecting the vitals with armour-plating, she will 
have, wees all her weights are on board, enormous dis- 
placement of 11,407 tons. 


“ The —_. very Rang cemppeneed. op the a, re 

February, oO years have since the 

down of the keel—is a twin-screw double turret ship, 

a central armoured citadel, and was designed by Mr. 
» director of naval i and bui 


the entire displacement of the 

Coes and Hecate class. The ship has 
rey as a rectangular armo 

as been stated, the whole of the 

of the » which are unprotectéd by armour, 

pepe of fanng anf vty rai ck 
moving in ci 

and the turrets which it is surmounted. Her im- 


k 





t | or ba’ 


- | of the armour, bei 
» | in thi 


is | below the load water-line is 6ft. 5in.; but as the 


3} ing line. The outside armour is fastened 





frames, placed 


at a ship right ahead or right astern, or on either beam, 
or in pairs towards any point of compass. Besides 
advantages, the guns of each turret can be 

clear of the ship’s side, in the case of the one 
rt and in the case of the other turret to star- 


these im 
turret to 
board. 


8) 
FS 


e 
thickness of 18 in.—the thickest ever manufactured, with 


ft. apart. Fore and aft the double bottom the transverse |the ex m of the 22 in. experimental plate which 
Sate Wald aoe likewise 4 ft. a are of the solid | was at Messrs. Cammel and Co.’s works at Sheffield, 
thickness of ¢ in., but are considerably _— by having | a few weeks ago, for the turrets of the Italian frigates— 
holes cut into them, the upper parts at the same time being with of the same thickness, and an inner plating 


much narrowed. Additional intermediate frames are 
worked in the ine-room in order to secure greater 
strength. The angle irons forming the frames vary from 
54 in. by 3 in. by ¢ in. to 3 in. by 3} in. by } in. The outer 
skin plating of the bottom varies from 4! in. in the gar- 
board plates to §in-, with the exception of the fore and 
aft pe where the thickness is increased to j in., and 
behind the anchors, where the plating is doubled. The 
lating of the inner bottom, which extends through the 
h of the double bottom, and which, like the outer bottom 
is made perfectly water-tight, is of the uniform thickness of 
#in., except under the engines, where it is;;in. As is 
usual in iron vessels, the stern of the Inflexible consists of 
a solid iron forging scarfed at its lower end to the keel 
lates. The sternpost and after pieces of keel which are 
Somed of the best angle iron were also made in a single 
forging. Ry inp were ae - the nye rere, 
iverpool, in consequence pressure of work a’ 
the d The rudder, Rouieven, which is a solid iron 
wag deny Sr doseand and coven by iron — 
was foi at the smi! . In consequence 
its immense weight—some 9 tons—it ts made to work upon 
double pintles in combination with the ordinary pintles 
and braces. It is moved vs 4 ft. 6 in. below the 
water. Indeed, the whole of the steam bisering gear will be 
placed below the water-line in the armour , 80 that it 


ed | will be impossible for the rudder-head to be injured by shot 


or shell during an engagement. To receive the peller 
shafts, two iron tubes are constructed, one suibe each 
marter. The fore parts of these tubes, when they leave 
the run of the ship, are supported by the framework of the 
hull, which is bossed out in a suitable form for the Purpose, 
the after parts being supported by struts from the;ship’s 


bottom. 
‘*The protected portion of the ship is confined to the citadel 
= ies An hy) amnare uctesst Ge ines and 
, the turrets, the hy loading , the maga- 
zines, and, in fact, all the vulnerable of the vessel. 
It measures 110ft. in length, 75ft. in breadth, and is 
armoured to the depth of 6ft. 5in. below the water-line 
and 9ft. 7 in. above it. The sides of the citadel consist o: 
an outer thickness of 12-in. armour plating, strengthened 
- Apmenes angle-iron girders llin. wide and 3ft. apart, 
the space between them being filled in with teak ing. 
— these girders, and in the wake ©, — water-line, is 


whole of the armour backing and plating being supported 
by, and bolted to, transverse frames, 2 ft. pam | com= 
of plates and angle irons. It will thus be seen that 
he total thickness of armour at the water-line strake is not 
less than 24in. The armour belt, however, is not of uni- 
form strength throughout, but varies in accordance with 
the importance of the protection required and the exposure 
to attack. Consequently, while the armour at the water 
level is 24in. in two thicknesses of 12in. each, above the 
water-line it is 20in., in two thicknesses of 12 in. and 8 in. ; 
and below the water line it is reduced to 16in. in two 
thicknesses of 12 in. and 4in. The teak ing with 
which it is sw also varies inversely to the thickn 
respecti 17in., 2lin., and 25 in. 
ckness, and forming with the armour with which it is 
associated a uniform 4lin. thick. The depth of armour 


be sunk a foot on going mto action, by letting the 
water into its double bottom, the sides will thus have 
armour protection to the depth of 7 ft. 5in. hag hep? og 
its 4in. in 


diameter, secured with nuts and elastic on the in- 


- | side points. The shelf-plate on which the armour rests is 


formed of }-in. steel plates, with angle iron on the outer 
ong. 5 > ® 3} in. vein. The armour on the fore 
bulkhead of the ci is exactly the same in respect 
as that why os yw td mp of the rear ery | 
is somew i respective tions 
22in., 18in., and 14in., and forming with the teak back- 
ing, which is 16in., 20in., and 24 in., a uniform thickness 
of 38in. It may also be useful to mention that before and 
abaft the citadel the frames are formed of 7 in. and 4in. 
angle irons, covered with ,-in. plates. 

“* But the most singular feature in the design of the ship is 
the situation of the turrets. In the Devastation an 


on an enemy ei 


the Inflexible, however,* t up on either side 


of the ship en échelon within the citadel walls, the fore 








f | in the movement of heavy masses in these 


carriage 
d | away, while the 





of one inch in two equal thicknesses. All experience has 
that, for many reasons, this arrangement is the 

. ‘The wood backing distributes the blow when struck, 
deadens the vibrations, protects the fastenings, and stops 


the splinters, while the inner iron skin is also of the utmost 


advan since it renders the backing more compact and 
also et in arresting the of débris. The 
height of the turret 


—_ from the load-line is 12 ft., and a 
foot less from the fighting line, and all the plating in the 
wake of the guns is considerably strengthened. Each 
turret will have an armament of a couple of 81-ton guns ; 
and although the Committee on Explosives have not deter- 
mined with respect to these guns the calibre, the amount 
of the charge, or the size of the powder = pe it is 
known that with a bore of 16in. and Ib. of powder 
these terrible weapons are capable of sending a projectile 
of 1650 Ib. through the armour of the Devastation. The 
Inflexible will carry 100 rounds per gun, but the storage is 
equal to 120 if required. 

“A very special interest attaches to the armament of the 
Inflexible, not only because it consists of guns vastly more 
powerful than any yet mounted afloat, but because these 
guns are to be carried and worked on the new and remark- 
able hydraulic system which has hitherto only been tried 
under somewhat make-shift conditions in the fore turret of 
the Thunderer. Each turret weighs no less than 750 
tons (including the guns); and, — to deal with 
@ moving mass of such enormous weight, and with the 
papevehied difficulty of a floating and therefore most un- 
stable platform on which to revolve, the Admiralty have 

ed to commence at this — with the adoption of 

the hydraulic system of Sir William Armstrong, as de- 
en for ——— by his partner, Mr. Geo 
. The revolution of the turrets accordingly will 

accomplished by hydraulic machinery in a manner similar 

to that employed by the 


Elswick firm for eer J swing 
bridges and great cranes. In such cases the weights dealt 
with, and dealt with most s , have ly ex- 


uccessfull 

ceeded that of the turrets of the Inflexible ; and so complete 
and perfect is the control afforded by hydraulic machinery 
us Cases 
that the turrets will, by this machinery, be rotated at any 
speed, from a complete revolution in one minute down toa 
rate as slow and as uniform as that of the minute hand of a 
clock. Theadvantage- of the high speed is plain; that of 
the slow but regular rotation will ems when it is re- 
membered how much delicacy of adjustment is necessary 
a distance. Although the 81-ton guns wi worked on a 
system similar to that adopted in the case of the 38-ton guns 
of the Thunderer, yet, as the design of the Inflexible had 
not been completed before the decision to work the guns by 
— power was formed, . more — “. . 

ic gunnery arrangement me ible. e 
sponging and loading apparatus is still, as in the Thunderer, 
to be placed at duplicate fixed stations outside the turrets, 
and under the protection of the armoured deck of the vessel. 
The muzzles of the guns are brought to the loading me- 
chanism by revolving the turret an — depressing the 
guns. But there is no special loading port in the turret 
itself, as in the Thunderer. All that is necessary is to de- 
press the guns to the small le required for bringing the 
muzzles below the level of the deck, which, in order to 
the reduction of this angle, is raised and inclined upwards 
at the base of the turrets so as to form a sort of glacis, and 


in. | for following with the aim an object pet, bye or J but at 
i ill 


vessel | to give cover tothe muzzles without involving any consider- 


able depression of the gun. By this means the criticism 
brought against the greater depression of the guns of the 
Th is avoided. A more important novelty is the 
manner of mounting the 81-ton guns in the turrets. Hitherto 
it has been the practice to place all heavy guns upon an iron 
structure called the carriage, on which it rests by means of 
its trunnions. This carriage bears,' besides the gun, 
the mechanism for elevating and depressing the gun, and 
for ‘ tripping,’ and also in part the mechanism for checking 
recoil. the iage, again, there is the slide upon 
which the carriage runs. Now, in the m adopted for 
the Inflexible, Mr. G. Rendel has taken the bold me. of dis- 
pensing altogether with a iage, properly so called. The 
guns rest on little blocks ‘aoa over the trunnions, and 
simply slide on the top surfaces of ht-iron beams bolted 
on to the floor of the turret. Thus all the bulky and compli- 
cated iage arrangements hitherto in vogue are swept 
iRa'vcrtng ofr race tes soon Secombe 
e Wo e guns thus mounted is accom) ‘ 

simple hydraulic presses, fixed on the s’me beams whic 

floor the turret and constitute the gun-slide. 
also act as buffers to arrest the recoil of the guns. 
rests on a small block, which, like the 
trunnion blocks, slides as the gun moves in or out upon a 
beam in the floor of the turret. This third beam, however, 
— or hi > rear as oe has its _ = 

upon a ic . lowing watcr 

cater o¢ laave the preas at the frou end of the beam, that 
end of the beam is raised or lowered and the required eleva- 
ion i i oe get tee oe. 
gun recoils, the block sup- 
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pring its breech travels back until it comes nearly over 
fixed pivot of the beam, and thus, at whatever elevation 
the gan may be fixed, it nevertheless recovers in the act of 
recoil a given position or angle, which is that required for 
reloading. ore, since by this same arrangement 
the a eed Ge ee, le malls to davep fis mente 
in the act of tfecoil, it follows that the gan-port may be 
made considerably lower than would otherwise be necessary 
for giving equal power of elevation to the gun. The water 
which acts on these presses is supplied at the requisite 
pressure by small steam pumps, which are placed at a dis- 
tant and safe part of the ship’s hold, and the water power 
is led to the turrets through upper pipes, 2 in. in diameter, 
carried up emp, centre a of the turret. Thus, 
the minimum of liability to injury or derangement, whether 
of the source of power or of the mechanism by which the 
power is applied, seems to be attained by this hydraulic 
system. In addition to the apparatus for mounting, work- 
ing, and controlling the 81-ton guns, there are other ap- 
pliances for dealing with the ammunition. The removal 
and bringing up of the enormous projectiles and charges 
from the shell-room and magazine could not be otherwise 
accomplished, indeed, save by hydraulic power ; and it ma; 
be stated, in conclusion, fhat the number of men requi 

to work the 81-ton guns of the Inflexible will be less even 
than that required for the 38-ton guns of the Thunderer, 
mounted on the hydraulic system in a less complete form. 
ow in men could hardly go further with any sensible 

vantage. 

‘** There ‘are four decks—the lower, middle, upper, and 
superstructure decks—the last being a middle line erection 
placed forward and aft above the by deck for working 
the ship, carrying and lowering the boats, &c. Outside the 
citadel the lower deck beams are covered ‘with iron 3 in. 
thick. This deck is depressed at the fore end so as to meet 
that part of the bow which is intended for ramming, thus 
conferring upon it greatly increased strength and resistance 
when e in butting an enemy’s ship. It may be here 
stated that the ram of the Inflexible is of the spur kind, and 
though it is fixed at the present time, it will eventually be 
made to unship 7 agg  sompen cruises. The middle deck 
flat consists of 4-in. plating covered with 3-in. deals, while 
the upper deck beams in the vicinity of the citadel are 
covered with 3-in. plating, and in other places with }-in. 
plating. The beams, pi , and bulkheads for supportin, 
the various decks and platforms, and forming the eren 
compartments and rooms, are arranged and fitted so as to 
give the greatest possible s h to the sides of the vesscl. 
The largest beamsareon the main deck. They are 14 in. deep, 
while those on the upper deck are 10in., and those on the 
lower deck are 12 in. Every beam is either supported by 
wrought-iron tube pillars or is trussed where pillars cannot 
be erected, the strongest being under the turrets. The two 
superstructures themselves in no wise add to the power of 
the ship either for attack or defence. ne weapaee in the 
economy of the ship is to afford accommodation for the 
officers and crew ; and as the structures are erected on the 
upper deck this will be of the best kind, with abundance of 
air and natural light. Their dimensions are: Fore’ super- 
structure, extreme length 104 ft. 4 in., breadth 21 ft. 4 in. ; 
after . extreme length 165 ft. 4 in., bread 

" e frames are formed of angle iron 7 in. by 3 in. by 
vw in., placed 4 ft. apart, and between them are intermediate 
frames made of angle iron 4 in. by 3 in. by :*+ in. The ends 
are covered with j-in. plates, the whole surface with 
for ‘th sadmiral mn his soretary Bee ge mo 
or the an A , commander, 
and navigati lieutenant; while the admiral’s flag- 
lieutenant, five lientenants, a chaplain, twos nS, & pay 
master, an inspector of machinery, a marine officer, and the 
chief engineer, will be provided with cabins on the middle 
deck. e cabin walls are all coated with Welsh’s wood- 
faced cement, as a protection against the results of con- 
densation. The ofhoers and men ther will number 
350, for whose use 22 tons of fresh water will be ’ 
sufficient for two weeks’ consumption, and 16 tons of pro- 
yisions, which are equal to a consumption of 12 weeks. 

‘* Asa protection against the casualties of war and the sea, 
the hull is divided by means of the transverse and longi- 
tudinal bulkheads into no fewer than 135 water-tight com- 
partments, and arrangements will be made for quickly 
removing therefrom any water that may collect within 
them through collision or other cause. Powerful steam 
pumps, among which may be mentioned two of Friedman’s 
patent ejectors, capable of di ing 300 tons of water 
each per hour, wi fitted. the bulkheads, again, 
are provided with water-tight doors of an improved pa > 
sluice valves, manholes, and water-tight scuttles. The 
manholes on the flats are raised and fitted with hinged 
covers, which facilitate their ing and prevent water 
finding its way below. Water-tight doors can also be fitted 
when necessary to the bulkheads i h the coal 
bunkers. Each of the water-tight com ents has been 


tested hydraulic pressure. Great attention has been 
upon the question of ventilation, which, in ships 
of the Devastation p acon and, indéed, in all monitors of low 


freeboard, has been a source of considerable discomfort and 
embarrassment, In the Inflexible the fresh air will be 
drawn into the midship part of the vessel through a series 
of downcast shafts by means of eight erful fans worked 
rd four of Messrs. Brotherhood and Fiardingham’s patent 
e-cylinder engines, with which they are connected 
tudinall ly through the engine-room. The air is then 
acted into main pipes, which run round the sides of 
the hull to the extremities, and from these subsidiary or 
2 ee aneeye Fe arm ample quantities to every 
part < 


1 
he ship. 
machinery, which is manufactured by John Elder 
and Co., of Glasgow, will comprise all the improve- 


ments in marine ing, with i mens eon hg 
meet the tryi Prin. moore 2 of naval warfare. 
The Inflexible will be propelled by twin screws, 


an arrange- 
ment which is necessary in ships of her weight and bulk to 
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of being 
together by stay bolts continued to bulkheads 
as ramming chocks. The pistons have a stroke of 4ft., and 
the number of revolutions | mp is 65. ‘The piston rods 
are double, and are connected by crank crossheads. They are 
each 7 in. in diameter, the connecting-rots having a diameter 
of 9 in. anda length of 7 ft. 6in. The valves are of the 
piston kind. They are worked by link motions and levers 
and are by an ingenious combination of steam 
hydraulic power. The engines at starting are assisted by 
auxiliary steam gear, the valves of which are fitted to the 
receiver. 

The. steam from the low-pressure cylinders is exhausted 
into independent surface condensers, having a total cool- 
ing surface of 16,000 square feet; the steam is con- 
densed in the interior of a series of tubes of }-in. ex- 
ternal diameter, of which each condenser has no less than 
6650. The condensers are constructed to be worked as 
common condensers. The circulating —- are actuated 
by separate engines, each having its own feed, bilge, and 
air pumps, worked by levers from the crossheads. The 
air pump is made of gun-metal, with a diameter of 34 in. | i 
and 2 ft. 3in, stroke, the water bei i from | not, indeed, 
below * pong A deck. Met g are to the centrifugal 
pumps it ma mention: ey are judiciously 

higit Pig h in bea So in the case 
of a occurring whic e ship’s m ma; 
be flooded to as great a conte OC, Ger om 
effectively worked with ect freedom. Then there 
are double-acting hand pumps, each two coupled; feed 
donkey engines, each with double <— pumps 4 in. 
in diameter ; iy mp each with doubling-acting 
pumps 6 in. in diameter; and fire-engines with double- 
acting pumps 8}in. in diameter. In order to show the 
great amount of constructive care which has been bestowed 
upon the smallest details, it may be mentioned that the 
engines which work the circulating pumps are also made 
to ga be the bilge in the event of the ship springing a 
leak or being rammed ; that the centrifugal pumps are to 
mt rg ed kr ey 
of emergency ; t a nm valve is 
bottom in connexion with each fire-pump; and that all 
steam and other pipes are either clothed or will be clothed 
with felt and wood to prevent condensation. Each cylinder 
is fitted with an expansion valve having a variable 
cut-off with an extreme range of from one-sixth to one- 
half stroke. These valves are cy gridiron 
of gre ep arn, 3 ft. in diameter, working on cast- 
iron gridiron seats, and giving a minimum of clearance 
between the expansion valve and main slide. Th 
an eccentric on the crankshaft and a 
are all connected to a shaft in front of the engi 
so that be thrown out by a single handle. 
engine is tted with a common injection « tus. 
Ne eee ein The pieces, ge my 
the bearings being in. propeller i 
20 ft. in diameter, and will be worked outwards, 


3 
i 


ill have a di 

96 ft. Each will have a topmast and top-gallant 
Laver yard Gala, at or R 
area sail is 18,470 square feet. The ship will be fi 
with four of Martin’s self-canting anchors. __ 

** The hull of the Inflexible igh 7300 tons ; 
estimated cost is as follows :—Ma' , 269,000. ; 
132,0001.—total, 401,0001. After being launched the 
will be towed into No. 18 dock in the extension works 
the date named in the Navy Estimates for ite completion is 

b . 


Respecting the above account, Mr. Barnaby writes to 
Benes SLY ES. PD errors, of which 
speaks as ‘ollows : 

“They do not affect the description of the ship, which 
pea hingan Agee Tr wegen hss van: 


i 


or . now 3 
lever, rgd to the origin of the rig which the 

“It to be sup that the design of the In- 
flexible preceded that of the talian ships Duilio and Dandolo, 
apt te rae of in the latter ships has an advantage 


S 
oe 


Fr 
Les 


being at the after-end. The shaft tubes are of wroug’ : 
iron supported by struis, while the shafting will be made | $74 Dandolo were in course of constraction before the design 
of Whitworth fluid compressed » with solid couplings. ter thicl ot eamian an of 
It will be hollow, the inner diameter being 10 in. and am, tall of the —— in 
the outer 16 in. Although the faces of the high- po mea —_— , turrets 

sure cylinders are formed of phosphor- bronze, 2 in. ofaues lee pee Eee 

thick, the liners of the cylinders are also constructed of the that latter ships intended 


they should ha‘ f about To tons eek ie 
: 8 ve guns of al 
Whitworth compressed steel turrets, and that thei i thickness of 


hich possesses properties 
rendering it not only extremely light, but at the same time 


Fer refine ror poece Bach cugine vill be fitted with | Sout 16in. It was found that a ship could be 
patsy ver bmw “racing” in stormy weather ; and | $°% ars me a B, t, 4 pe og Myr 
in addition to the hand gear, small auxiliary engines will It ie, hi wa o, Tanah sou ae guns ne 
v4 ee — oe se oe faan theies, and which would mst have these 
usual foresight which the mechanism h- f hich bad inte 
out, can be used with the general engines w eatures wi hostile criticism 
type, and which were being repeated in the 


‘The steam is furnished by 12jboilers—eight single-ended 
and four double-ended being specially designed to 
secure the greatest possible economy in the consumption of 
fuel. They are constructed of the best oor plates, | Posed 
tested to 21 tons lengthwise and 18 tons crosswise, and 
they are made to carry steam at 60Ib. to the 

ve 


as a protection against corrosion. They are supplied with 
2 four feed pany, which are rege by — en- 
ine, the pumps bei in. in diameter. ving a 
Stroke of 2ft. Sin. Im 
ceiving injury, 
auxiliary 1 
separate connexions with the boi 

engines which are used for rg 


arranged to work the Springs pon Pig One 


is distinctly understood 

sors Sty sone ofS anaeghe 
nt The advantages of the small rig, 

time are in every wa; 

mended t ves to those with whem the final decision 


Water Works 1x Texas.—The first water works in 
Texas are being established at Austin. 
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safety valves are fitted wi' 
plan. The funnels, of which there 
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THE ECONOMIC AND MECHANICAL 
EFFECT OF MACHINES.—No. IL* 
By J. Ricwarps, 

Macaig Errect COMPARED WITH HANDWORK. 
Tue principal functions performed by machines 

may be stated as follows: 

1. To convert natural forces into power. 

9. To transmit and concentrate or distribute 
power. 

8. To attain geometrical or true movement. 

4. To regulate power as to time, velocity, and 
degree, 

‘The functions named can be farther sub-divided 
so as to include various classes of work, but as 

iven will answer for a comparison with handwork. 
me of these functions, or parts of them, can be 
directly performed by hand, others capnot; yet 
each must have an equivalent in hand: labour, un- 
less when applied to some art which has been 
developed since machines have been employed. 
There are but few branches of industry which have 
not in some form been carried on by hand, or with 
the aid of rude instruments only, and it seems 
anomalous that among the machine functions named 
the most of them are wholly unattainable except by 
the aid of machinery. 

This apparent anomaly is explained by changes in 
the modes of operating and also in the character of 
products. The general principles involved in con- 
verting materials, and power also, are the same 
now as before the employment of machines, and the 
products of industry may serve nearly the same 
objects, but in a more complete way. 

n the conversion of natural forces, for example, 
a@ man can be said to draw the elements of his 
physical strength from the same natural source that 
a steam engine does; but the mode of converti 
these elements into work is entirely different, an 
so mysterious in both cases as to defy human under- 
standing; the fact is known mainly by constant 
sequences and analogy. 

‘The action of a steam engine, up to certain limits, 
is better understood, and in the light of modern 
science some glimpses of comparison between living 
and natural forces become possible. We can, for 
instance, say that, measured by the commercial 
value of work, a certain amount of heat-giving 
material consumed as fuel will, by means of a steam 
engine, give back in power five per cent. of its 
mechanical value, and that a similar amount of 
material consumed as food and manifested through 
physical exertion, will give back twenty per cent. of 
its mechanical value. Helmholtz has estimated that 
a healthy man can exert an amount of physical effort 
equal to one-fifth of what is represented in his food. 
From this it would seem that even nature has failed 
in the economic conversion of heat, but this is not 
so. The physical effort which a man puts forth in 
the performance of work is but one out of many 
demands made upon his resources and the food 


he consumes. Many functions of the body besides, 


labour consume heat; transporting and sustaining 
the body, wear, radiation, and thought may be men- 
tioned, To pursue the comparison, it might be 
inferred that if the conversion of power by means 
of a steam engine is four times as expensive, or 
requires four times as much value in heat-giving 
material, as men would do in performing an equal 
amount of work, that steam power is more expensive 
than hand power; but we know, in fact, that steam 
power is much cheaper, and is employed whenever 
possible, 

The consumption of heat-giving material, in the 
form of food or fuel, is therefore not a proper test 
of the expense of power, and is merely asubordinate 
condition, the value of which is constantly varying 
with circumstances, A steam engine consuming a ton 
of coals in ten hours, and giving outa proportionate 
amount of work,must be charged with various kinds 
of expense, suchas attendance, deterioration of value, 
repairs, insurance, inspection, oil, rent, light, and 
so on. The aggregate of these expenses for an 
engine of the size named uals and in some 
cases exceeds the value of the fuel consumed. The 
Proportionate expense of fuel increases as the 
amount of power is diminished and, as we may say, 
when engines come more directly in competition 
with horse or hand power. 

Assuming for the purpose of a comparison that 
the expense of maintaining one horse power for ten 

* The present and following articles are intended as an 
| owe to those on Shop “Manipulation,” published in 
ays Bas] 1873 and 1874, and like the former 

are especially for apprentice engineers, 











hours is two shillings, and that one horse power 
equals what eight men can perform, then with 
wages at five shillings a day the expense would in 
the two cases be as twenty to one. ages are, how- 
ever, not the only expense connected with the em- 
ployment of manual labour ; superintendence, irre- 
gularity, rent for room, warming, and so on, 
constitute additional expense, so that without 
referring to particular facts it may with safety be 
assumed that steam power, in ave’ cases, costs 
only from one-tenth to one-twentieth part so much 
as manual power. This t difference in favour 
of what would seem to be the less perfect means of 
converting natural energy is mainly from the differ- 
ence in the expense of maintenance. 

The wants common to human life, even among 
those who live most economically, are so many and 
so important that the maintenance of strength or 

hysical exertion sinks to a subordinate place. 
Shelter, clothing, education, amusement, with — 
other things, go to make up a sum amidst. whi 
heat or power-giving food holds, it is true, a promi- 
nent place, but not to be contrasted with that 
which fuel holds among requirements of mechanical 
devices directed to the conversion of power. 

As human wants far exceed those of animals, so 
brute force, that of horses for example, approaches 
much nearer to the standard of steam power, For 
asmall amount of work not exceeding what one or 
two horses could perform, and where fuel and food 
are proportionately expensive, steam power is nearly 
as expensive as horse power. The comparison is, 
of course, made in respect to ppm | power to 
drive machines, and not to hauling loads or carry- 
ing where “ mobility” becomes the principal object. 

t+ may seem useless to spend time in searching 
for reasons to account for what has been shaped by 
circumstances and is the result of long experience. 
We see certain kinds of work performed by steam 
engines, other kinds by horses, and a great deal by 
men, We know that this distribution of work is in 
the main as it should be, and as it is to continue, 
yet there are many changes to be made, many mis- 
takes to correct, but even if there were not, certainly 
there is no kind of investigation which has a greater 
power in developing understanding than to search 
into the economic causes which lie at the bottom of 
such practical affairs, Out of such investigations, 
however impractical they may seem at first thought, 
comes perhaps the greater part of progress; by 
economic reasoning we become aware of wants, and 
when a want is once felt and known the chief part 
of a new improvement is accomplished. 

Our tramways are operated by horses at this time. 
Careful statistics show the exact expense of moving 
passengers in this way. The economical conditions 
attending on the employment of brute power have 
in this case been so carefully scanned that not much 
remains to be learned. People know that steam power 
would be less expensive, and, so far as My speed, 
control, and so on, could be substituted for horses. 
There are, however, scores of both economic and 
mechanical problems connected with the subject 
which baffle présent knowledge, and while nearly 
every one expects that some time street traffic will 
be moved by steam, no one has been able to detect 
and sum up all the conditions of sucha traffic, The 
greatest difficulty to be met is no doubt in what 
may be called mechanical adaptation, and judging 
from the best known experiments yet made in 
attempting to propel tramway coaches by steam, 
there has been in most cases a neglect of that mode 
of investigating and reasoning which it is the 
purpose here to in some measure to explain. 

Our common street traffic, both merchandise and 
travel, is moved almost exclusively by horses. The 
substitution of steam for horses been a fertile 
subject for scheming, but such schemes have been 
mainly directed to a change or improvement of 
means instead of method, and in like many 
other things there has no doubt been as much effort 
lost as utilised, because of not considering the dif- 
ference between method and means. e.are un- 
consciously led to hones whether a traction 
engine cannot be made to haul a common truck or 
coach, but perhaps with steam instead of horses 
different trucks, coaches, or even streets may be 


uired. 
“te has required a dozen years tolearn, in America 
at least, that an urban railway must be subject to 
nearly the same economical and mechanical condi- 
tions as a railway across a country, and that a loco- 
motive and train requires to be nearly the same, 
whether the ent way be mounted on posts or 
laid in tunnels beneath the streets, To learn and 





detect such general principles we must not only 
compare men, horses, and steam engines, but must 
search out the most remote and simple conditions 
which affect both economic and mechanical results. 

With this divergence the subject of machine effect 
will be returned to. The second function of ma- 
chinery named, that of transmitting, concentrating, 
and distributing power, scarcely admits of compari- 
son with hand labour, and consequently cannot be 
directly measured by a labour standard. _ 

The amount of power which can be developed by 
human or brute effort rarely exceeds what can be 
applied to one purpose and be consumed in one ma- 
chine, hence the function of transmission is i 
to machine power, and is to be measured exclusively 
by mechanical standards ; in other words, not being 
performed by labour, iabour cannot become a 
measure of its value. We can, for instance, com- 
pute the expense of mo a ton of goods over a 
given distance, such a mance has a definite 
value measured ‘by a labour standard; but we 
cannot in the same way compute the expense of 
transmitting ten-horse power of work throughout a 
given distance. It is true the value of the agents 
employed for transmission can be estimated, main- 
tenance and other expenses can be arrived at the 
same as in the case of moving loads, but the 
economic value of such transmission is another 
matter, 

Geometrical, or, as we generally say, true move- 
ment, isone of the principal among machine functions. 
It is a matter of surprise, indeed, to those who have 
not previously thought of the matter, to look over 
the operation of almost any class of machines, ma- 
chine tools for example, and see how large a part of 
their functions are directed to securing exact 
movement, either in straight, curved, or irregular 
lines. That such a function in machinery cannot be 
compared mechanically with labour or human skill is 
obvious ; nothing approaching precision is attainable 
in hand operations enalded ty mechanism or tools. 

The hands move in the most erratic manner ; even 
long practice does not enable one to draw a circle or 
an ellipse, free hand, which will approximate truth. 
The edges of tools, such as are guided by hand only, 
have an undulating course, caused. by irregular 
resistance and speed. The eye cannot detect such 
irregularities, and feeling is resorted to in operations 
requiring great accuracy. A drawing knife, such as 
carpenters and coopers employ, is a goodillustration 
of tool-guiding by hand, although even with this 
implement some mechanical guidance is derived from 
the bevel on the underside of the knife. No. one 
thinks of making even a tolerably level or straight 
surface with such an implement, but as soon as ‘the 
same kind of a cutter omes a plane by being 
mounted in a guiding stock, it is transformed from 
an inaccurate to the most accurate tool known in 
wood-working. 


To take another example which may seem anom-. 


alous. The most accurately fitting surfaces in metal 
work are prepared by hand-guided tools, or by tools 
which seem to be hand-guided, [allude to scraping. In 
this operation the scraping implements are, how- 
ever, to be considered as an adjunct or auxiliary to 
trying plates or surfaces, for, as soon as the rubbing 
marks are gone, a workman is lost, and does not dare 
to ptess by depending upon his senses of sight or 
feeling. There are countless operations in mechanical 
labour where the amount of power required comes far 
within what a man can exert, but which could in no 
way be carried on except for mechanical or machine 

dance. Such guidance was beyond doubt one of 
the first wants which man became conscious of in 
treating material, This, with the concentration or 
accumulation of power, to move or raise great 
weights, were the first machine functions which 
people called to their aid, at first crude, imperfect 
and not bre i pate oc tngge the precedents Frrsinned 
by accidental experiment, but now auged, weig' 
cnanparetl and the money value of their effect com- 
puted with some egg | 

The fourth function named, that of regulatin 

movements as to time and velocity, is another whi 
admits only of economic comparison with what. has 
been called handwork, The human senses fail in 
detecting the divisions of time, the sameasin appre- 
hending level surfaces or true lines. This function 
of machines, which is perhaps best illustrated by 
clocks, was one of the latest to be applied in the 
useful arts, The divisions of time and music were no 
doubt tolerably accurate long before any mechanical 
measure was known, and had ‘as far as 
the unaided senses poe! go, but exactness i 
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vibrating pendulum was employed to measure time, 
and the rotary pendulum to regulate the speed of 
steam engines and water wheels. 

This function of measuring or indicating time and 
adapting power toresistance, are the most intricate of 
machine functions, thatis, they are farther from being 
aon by means of comparison with human 
effort. The mechanical measure of such functions 
is exact, and their value determinable. If a clock 
does not keep correct time, its variations can be de- 
scribed in exact terms. If a steam engine under a 
variable load fails to perform a uniform number of 
revolutions in given times, the fault is set forth in 
as exact a manner as perfect performance would 
be. The relative economic value of such functions 
is on the contrary extremely difficult to apprehend ; 
they are subsidiary and unimportant when compared 
with the accumulation and concentration of power 
or geometrical guidance, yet have a direct bearing in 
modifying machine effect. The performance of some 
kinds of machinery, such as that employed in cotton 
spinning and weaving, or grinding grain, depends in 
a considerable degree on maintaining uniform motion 
as to time. The movement of railway traffic also 
depends more or less upon the measured divisions of 
time, and the usual means of determining longitude 
at sea is another example. 





THE CLAUSTHAL WORKS.—No. VIL. 
Tue Auxmiary Wasuine House. 

WE have now come to the last of the buildings of 
which the dressing works are composed, namely, to 
the so-called auxiliary washing house, marked 19 
on the general plan which we published on page 35 
ante. ‘The object of this department is the farther 
dressing of the produce under .039 in. from the 
upper lying works, viz., the coarse separation, fine 
separation, and the middle and fine rolls which we 
have already mentioned in the course of our descrip- 
tion of the respective buildings, For this purpose 
the auxili washing-house, which is 
shown by Figs. 51 and 52 of the two- 
page engraving which we publish this 
week, and by Fig. 53 annexed, is pro- 
vided with machines exactly similar 
to those which (as we uave seen in the 
stamp house) are used for the dressing 
of the stampedore. It contains, besides 
the distributing box a, Fig. 52 (which 
serves to distribute the produce to be 
dressed) three complete systems of 
funnels, jigging ines, spitzkasten, 
buddles or frames, and rotating buddles, 
of which the latter only differ somewhat 
in their arrangements from those in the 
stamp house, As will be seen from 
Figs. 51 to 53, there are in each system 
three rotating buddles, of which two (the 
one concave lying above the other which 
is convex) are fixed to the same axis. 
whilst the third, also concave, is placed 
at one side. 

The fine concentrated slime from the 
large spitzkasten is led in the usual 
manner by 4 on to the upper concave buddle 
from which we obtain three products; the first 
passes off by ¢ on to the underlying convex buddle, 
a second passes off by d, and is led by e¢ on to the 
adjoining concave buddle, whilst the third, the 
pure ‘‘schliech,” is led from f into the ‘‘ schliech’ 
receivers x. From the adjoining buddle on to 
which the middle product from the upper concave 
buddle is passed, we obtain four products; the 
poorest passes off by g to the lower catch pits, a 
correspondingly enriched produce is led off along 4 
into the receivers i, by & a still more enriched pro- 
duce which is led into the receivers /, and lastly by 
m, the pure “schliech,” which is led into the 
**schliech” receivers 2». The underlying convex 
buddle furnishes only one prodact besides pure 
** schliech,” which is led into the lower catch pits. 
In the auxiliary washing house the pure “ schliech” 
is washed off the buddles by means of jets of water ; 
in the stamp-house, however, brushes are used. 

When water is —— the machinery in the 
auxiliary washing house is driven by an overshot 
water wheel of 13 ft. 8 in. diameter, but in times of 
scarcity of water by means of a wire rope, which 

s over a pulley on the driving shaft in the 
** fine” jigging house, and one fixed to the end of 
the driving t of the auxiliary washing house 
outside the building. 

We miust add that the attle from the jigging 
houses, rolls, stamp house, &c., is raised to the top 








of the hill up two inclined planes by means of a 
small steam engine of about 15 horse power. The 
attle from the stamp house (and also the coal from 
the coal shed, marked 15, required for the boilers, 
12 on the general on page 35 ante), is raised 
up the incline on the north side. The attle from the 
jigging houses, &c., is raised up the incline on the 
south side, and is transported along the rails ¢¢ to 
be ti over the hill-side to the north in the Zel- 
lerfiel valley. 

At the commencement of the group of buildings 
which lie below the tip ground is one which we have 
not yet mentioned. It is marked 5 on the general 
plan on page 35 ante, and was intended in the original 
design (in which the works were to be only one- 
third to two-thirds their present size) for a cobbing 
house, but it is at present used for various purposes. 

The sketches which we have already given on page 
104 ante, will explain to our readers the construc- 
tion of the wagons used for pee the ore, 
They are entirely of iron. The two side frames ) 4 
are each made from a single length of bar iron 
0.52 in. by 2in. in section, and bent as shown in 
Fig. 1 in the sketches just mentioned. On pushing 
the handle 4 into the position shown in Fig. 3, the 
wagon can be tipped over, being hinged to the fgame 
atc. It will be noticed that each of the four wheels 
has a separate axle for itself in order to allow of the 
wagons passing more readily round sharp curves, and 
on the turn plates in the different buildings, 


Tue Coruiss ENGINES oF THE New Dressina Works, 
CLAUSTHAL. 

As a supplement to the description of the dressing 
works themselves, we may add a few notes regard- 
ing the Corliss engines employed there. For these 
particulars we are indebted, as previously men- 
tioned, to Herr W. Riehn, civil engineer of Gérlitz, 
Prussia. 

When the laying down of steam engines for the 
new dressing works was discussed in 1868, after a 


Fig.53. 


consideration of all the possible requirements, the 
following were the conditions laid down to be ful- 
i | the engines. 

1. The engines must consume but little coal, as 
in the Hartz this fuel is relatively dear, and will 
continue so even after the completion of the railway 
to Clausthal. 

2. Since the stamps, rolls, stone crushers, and 
other machines req considerable power, and are 
often put in and out of gear, the engines must be 
supplied with a very substantial self-acting regulat- 
ing valve motion, in order to work acne, be and 
economically without requiring constant attention 
and adjustment by the engine-man. 

3. As the works are partially driven by water 

wer, which with the water supply is subject to 

uctuations within very wide limits, it was neces- 
sary that the power of the engines should be cap- 
able of being also varied to the same extent. 

4. In order at any time (so far as may be gene- 
rally suitable) to render ible an active and con- 
tinual dressing process, the engines must be so laid 
down, that even during several small repairs a 
partial continuance of work may be carried on with 
them. 

For this last reason, and also to obtain a steady 
motion, the two most important engines were de- 
signed heat) ged of cylinders. As a part of the 
water required for the dressing operations could 
very well be previously applied for condensation, 

















this was taken into account in designing all the 
engines. But it was necessary also to take into 
consideration a possible discontinuance of the con- 
densation. Herr Riehn being from long and good 
experience convinced of the groundlessness of 
many of the objections then brought forward 
against these engines, the laying down of Corliss 
yp ee was approved of by the proper authorities ; 
a decision of which experience has not hitherto led 
one to regret. 

The largest engine was in its general outline 
designed - Herr Riehn, and built at the Mas- 
chinenfabrik der Dampfschiff-fahrts Gesellschaft at 
Buckau, near deburg, and is intended to drive 
120 stamps and the other machinery in the stamp 
house. hitherto each of the stamps usually 
consumes one horse power, the effective strength of 
the engine power required was estimated at 150 
horse power. The engines were ordered at the end 
of July, 1868, and finished and under steam at the 
beginning of February, 1869, and have since been 
working day and night driving 80 stamps, 2 large 
centrifugal pumps, 40 jigging machines, and 4 sets 
of round buddles. The laying down of the remain- 
ing 40 stamps will go on with the increased require. 
ments. 

The engine has two cylinders 24 in. in diameter, 
and 3 ft. 54in. stroke, the flywheel making 45 to 
47 revolutions per minute. The engine works with 
condensation, there being a separate condenser, air 
pump, &c., to each cylinder. e air pumps (which 
are double acting) are 12gin, in diameter, 153 in. 
stroke. The engines are so designed that the steam 
may if necessary be discharged directly into the air, 
so that the condensation may be dispensed with. 
The engine has a geared flywheel of about 9 tons 
weight, and 15 ft. 10 in. in diameter; the teeth 
are of wood and are 3in. in pitch and 12 in. in 
breadth. The chief driving shaft from which the 
stamps, &c., are driven by means of pulleys and 
straps makes 90 revolutions per minute, 





The second engine, likewise designed by Herr 
Riehn, was made at Count Stolberg’s foundry, at 
Iisenburg, the Hartz, The power required from 
this engine is very variable, as it has to drive the 
upper part of the dressing works containing the 
coarse and fine crushing rolls, the coarse and fine 
jigging machines, &c, The engine works in con- 
nexion with a turbine of at most 60 horse power, 
and can also be coupled to another of about 
10 horse power. According to the water supply, 
which is available for these turbines, the power 
required from the engine varies between 25 and 
100 horse power. e engine was also de- 
signed as a double cylinder engine, with the in- 
tention in time of qa water supply, to be able 
to uncouple one of the cylinders. The cylinders are 
ag fo in diameter, the stroke is 31} in. 

tach cylinder has a separate condenser, the com- 
munication with which can be cut off, so that the 
engine may work as a high pressure, expansive, 
non-condensing engine, the steam escaping directly 
into the air. The engine has a cast-iron toothed 
flywheel 5 tons in weight and 9 ft, 10in. in diameter. 

he teeth are 3 in. in pitch and 10} in. broad. The 
flywheel makes 45 revolutions per minute, the 
driving shaft 90 revolutions per minute. . 

The water for condensation is in both this and 
the larger pair of engines delivered into the condenser 
by a natural fall. ‘The two engines are in general 
design exactly alike, only that the somewhat lower 
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HORIZONTAL ENGINE WITH VARIABLE EXPANSION 
CONSTRUCTED BY THE GENERAL ENGINE AND BOILER COMPANY, ENGINEERS, LONDON. 
(For Description, see Page 359.) 
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position of the driving shaft in the smaller Ilsenburg 
engine, necessitated a somewhat different construc- 
tion of the parts between the plummer blocks of the 
driving shaft and the engine shaft. 

The two engines are supplied with steam from 
the same boiler house. The boiler house contains, 
for the maximum requirements of the engines, 
seven boilers, each of which has 525 square feet 
of heating surface. These boilers are what are 
known in England as “French” or ‘“ elephant” 
boilers, each consisting of a main boiler 30 ft. 8 in. 
long, 4 ft. 7 in. in diameter, and two heaters (hori- 
zontal cylindrical shells) 27 ft, long, 2 ft. 1 in. in 
diameter placed below. 

The boilers are fed from the hot wells by a pump 
attached to the larger engine, not always directly 
however, the feed water being first pumped into a 
feed warmer, which is heated by the steam escaping 
from a small winding engine, and from the steam 
pumps which pump direct from the feed warmer 
into the boilers. e feed water is often warmed in 
this manner, but more generally it enters the boilers 
at the normal temperature of the water in the hot 
well, The feed water which comes from the reser- 
voirs* of the Clausthal district, deposits no incrusta- 
tion on the boilers. 





* These reservoirs which form a distinct feature of the 
Ober-Hartz are on a very extensive scale, there being more 
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The first engine has undergone several small re- 
pairs, none of which, however, have disturbed the 
regular working of the dressing works, and none 
which were due to the valve motion or design of the 


than twenty in the district round Clausthal. They are 
formed by placing dams across the valleys and ravines. 
The Pixhaier Teiche, near Clausthal, holds 12,000,000 cubic 








feet of water, others are still larger. 





engine, The only repairs worth naming have been 
occasioned by the breaking of the teeth of the fly- 
wheel. At first, in co uence of several unfavour- 
able dispositions in the laying down of the engine, the 
teeth were broken in pieces, and during the first year 
most of them on drying (being of wood) shrank 
loose in their sockets, and they are still now and 
then subjected to repairs during holidays. The 
teeth were moreover subjected to injurious and 
peculiar shocks which occurred every now and then 
with periodic regularity, the cause of which could 
not at first be clearly made out, But after some 
investigation on the part of Herr Riehn it was per- 
ceived to occur in consequence of insufficient balanc- 
ing of the moving parts. A preliminary and not very 
exact adjustment proved the conjecture to be correct, 


. by an almost entire absence of the injurious shock, 


so that by a correctly placed balance weight the 
concussion has been got rid of. This is an important 
matter, and may explain in many cases where toothed 
flywheels may be used, similar annoying and in- 
jurious shocks, and point out the remedy for them. 

he engine-men employed had previously no know. 
ledge whatever of steam engines, and have been 
taught their duties at the engines themselves, so 
that although the engines have been constantly 
under steam day and night except Sundays and 
holidays, taat they have required no other repairs 
may be attributed to good design and workmanship. 
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The cylinders, pistons, and valves have worn but very 
little. The pistons, which are constructed accord- 
ing to Mather and Platt’s _— with a wrought- 
iron body, have during the first three years not 
occasioned the least repair, if we except the putting 
of a new spiral spring in one of them. 
The second engine, also, has not required any re- 
irs worth naming. The same fault of i - 
cient balancing occurred also with this é 
in a much slighter degree. sie gl 
The third Corliss engine likewise ed by 
Herr Riehn, is situated near the Bremerhéhe-shaft, 
marked g on the general plan given on page 35 apée. 
This engine serves to drive the stone- 
house. It was built by the firm of Mathes an 
Wagner, in Neustadt-Magdeburg, and has been 
under steam since August, 187], The engine has 
only one cylinder of 18$jm. in diameter and 
$ft.2}in. stroke. Theflyw which serves at the 
same time as the driving y from the engine 
shaft, is 14 ft. 6in. in ey and 15fin. b on 
the rim (the weight of which is 5 tons), and makes 
45 revolutions per minute, The engine works with 
condensation. : 
We may here remark in connexion with the en- 
-y that the barometer height in Clausthal (which 
ies about 2000 ft. above the sea léVel), averages 
When the larger engine works with both 
cylinders, the steam thust be gut off to work ata 
very high rate of expansion, which may naturally 
be expected, the engine being too e for the work. 
We have already rema that the engine was 
designed to drive 120 stamps and the appertaining 
machinery, but at the time of taking the —_ 
own, 
g ma- 







only 26 in. 


we have seen at most 80 stamps were laid 
When driving 75 stamps and the a ini 
chinery the ps a pe indicated 160 horse power, 
with 65 stamps 150 horse power. Usually the first is 
the number of stamps are driven during the 
day, the latter the number driven during the night. 
In the case of the ‘en the indicated 
power averages 100 horse power, but varies between 
91 horse power and 110 horse power. This is not 
otherwise than we should expect, when we consider 
that (by the rolls especially) a regular feed of ore 
does not take place, and in the nature of the ores 
to be crushed there are sufficient causes of irregu- 
larity. 

Herr Riehn has made several observations on the 
amount of coal consumed, and the steam generated. 
The amount of the latter has been several times 
measured by direct measurement of the amount of 
feed water, by observations on the feed pumps of 
the large engine (the efficiency of these pumps 
having previously been ascertained to be 73 per 
cent.), and on the glass gauge tubes of the boilers. 
The results have not indicated any considerable 
difference. The results showed for the large engine 
an average of 41321b. of water converted into 
steam per hour, and during the first period of 
using the second also (i.e. for both engines to- 
gether) an average of 5508 lb. of water converted 
into steam per hour. The pressure of the steam 
averaged three atmospheres above the atmospheric 
pressure, rey the average now is four atmo- 
spheres, A small 15 horse power hoisting engine 
which obtains its steam from these boilers also, 
was not working during the time the observations 
were made, so it does not require to be here 
considered. The amount of c consumed varies 
naturally with the state of the boiler fires, and 
the quality of the coal used. With a well kept 
up fire the ave hourly consumption of coal 
amounted to 450 lb. for the larger engine and 
600 Ib. for the two engines when working ther, 
a mixture of screened coal, and coal from 
Piesberge, near Osnabriick, being used. 

At the time, and under the conditions when some 
indicator diagrams now before us were taken, the 
ave indicated power of the two engines together 
Se before remarked) was 250 horse power. The in- 

icated power of the large engine during full working 
(which takes place generally during the night), is 
equal to 160 horse power. ‘Ihe quantity of steam 
merated amounted respectively to 5508 lb. and 
4132 Ib. hourly, whereas the amount of steam used, 
calculated from the diagrams taking clearance into 
account, is in the first case but— 


Ib. 
For the large engine . 1968 
” second ,, 010 
»» steam pumps 46=3019 lb. hourly. 


The diagrams thus account for but little less than 
55 per cent. of the steam actually used, a result 


which might be expected under the circumstances, 





but | of Tessin. 





THE ST. GOTHARD TUNNEL.—No. VI. 


Tue tunnel of St. Gothard,* passing through the 
Helvetic Alps, and the length of which will be 9.3 
miles, is intended to form the connecting link be- 
tween two lines of the same name, which, starting 
from Lucerne, make a connexion with the railways 
of Upper-Italy, near the frontier of the Swiss Canton 
e international treaty concerning -the 
St. Gothard Railway, and-concluded on the 15th of 
October, 1869, between the Swiss Confederation and 
the Kingdom of-Italy, a treaty to which the German 
Empire added its ce by the convention of 
the 28th of October, st settles the political and 
financial basis of the un ing. The subvention 
required for this great work was originally fixed at 
85 millions of francs. Switgerland contributed to 
this sum 20 millions, the ire of Germany 20 
millions, and Italy guaran 45 millions, The 
recent report of the directora of the St. Gothard 
Railway presented to the Swiss Federal Council 
shows that this subvention, although so great, ought 
to be considerably increased. 

* A new and pressing appeal for funds has been 
mhade to the countries interested, for the cost of the 
works already executed far exceed the original 
estimate of the whole undertaking, which, from 187 
millions, now is increased to 289 millions. The 
error committed in this estimate has thus reached 
yd almost incredible amount of 102 millions of 
cs. 

The pe of St. Gothard, which when 
eompleted absorb a considerable part of the 

from the north towards Upper Italy and the 

Meiliterranean, includes the following lines, which 

—_ be'easily followed on a railway map of Switzer- 

: Lucerne-Kussnacht-Immensee-Goldau ; Zug- 

St. Adrien - Goldau ; Goldau-Fluelen-Goeschenen ; 

St. Gothard Tunnel; Airolo - Biasca - Bellinzona; 
Bellinzona-Lugano-Chiasso ; Bellinzona-Magadino. 

In short, this réseau, the length of which is 
165 miles, touches the extremity of the Lake Zug, 
descends by Goldau towards the southern end of 
Lake Uri, follows the valley of the Reuss, to the 
northern mouth of the great tunnel (at Goeschenen), 
traverses St. Gothard, and comes out of the moun- 
tain at Airolo (the southern entrance), skirts the 
valley of Tessin to Lake Majeur, and finally stretches 
to the Italian frontier. 

The St. Gothard Railway in its whole length, 

ses through the five Swiss cantons of Lucerne, 
ug, Schwytz, Uri, and Tessin. Italy, as one of 
the great promoters of the work, is moreover 
engaged in constructing, on the left bank of Lake 
Majeur, a line connecting the Swiss railways on the 
frontier with Lucino, at one of the points of the 
Italian réseau situated on the direct route to Génes, 
as well as the connecting link from Chiasso to 
Camerlata. The contracting ies are also en- 
gaged as far as possible in arranging that the branch 
line to the Gothard réseau should be modified to 
improve the surrounding connexions. 

According to the international treaty the Gothard 
Railway should not, in its summit level, exceed an 
altitude of 3709.6 ft. above the sea; the minimum 
curves must not be less than 984 ft. radius, and the 
ese gradients must not exceed 1 in 40.t The 
totallength of tunnels, including that of St. Gothard, 
amounts, according to the last report of the engineer, 
Mr. Hellweg, to 139,357 ft. The length of tunnel, 
as compared with the whole line, is thus 23.3 per 
cent. If from this total the length of the main 
tunnel is deducted, there will remain 88,560 ft. of 
secondary tunnels. 

By the original Project, the line from Biasca to 
Lake Majeur and the Lugano-Chiasso line, having 
together a length of 42 miles, were to have been 
finished three years after the formation of the 
company, and the other lines of the réseau the same 
time as the main tunnel. The period for construc- 
tion being taken at 2} years for the lines Lucerne- 
Kussnacht-Goldau; Zug-St. Adrien-Goldau; Biasca- 
Bellinzona; L o-Chiasso; and Bellinzona and 
the Italian fronuer, with branches to Lucarno ; 44 
years for the lines Goldau~Fluelen; Fluelen- 





* For much information respecting the progress of th® 
St. Gothard Tunnel and the appliances in use on the work 
we may refer to pages 104, 378, 461, and 508 of our 
nineteenth, and pages 3, 335, and 491 of our last volume. 

+ The recent report of Mr. Hellweg, ineer-in-chief, 
Sie, Sere ong Sone. Oe Gaihard ine, has been 
published by . Orell, Fuselli, and Co., of Ziirich. 


In case it should be , a8 a in the longi- 
tla eton gf the fanaa td Ce Pro aprons 

e n' Biasca, 
permission will be asked of the Swiss Federal Council. 








Goeschenen ; Airolo-Biasca and Bellinzona-Lugano. 
The time for the completion of the great tunnel 
was fixed at 9 years. 

The following is a summary of the length of the 
different sections composing the entire line. 


ies. 
Lucerne-Goldau 14.73 
Zug-Goldan ... i ee 9.62 
Goldau-Fluelen-Goeschenen 
Airolo and Biasca ... =F 65.70 
Biasca-Bellinzona-Lucarno 25.46 
Bellinzona-Lugano ... 16.33 
Bellinzona-Magadino 15.52 
Lugano-Chiasso_... 16.15 
Total length of lines 163.51 


The two sections Biasca-Bellinzona-Locarno and 
Lugano-Chiasso, have been in operation since 
December. The great tunnel of St. Gothard, to 
which these articles specially refer, had the head- 
ings (8 ft. 1 im. by 8 ft. 1 in.) driven on the lst 
March last for a total length of 6232 yards. As to 
the four sections, the present financial condition of 
the company will probably not allow them to 
be commenced before the powers interested have 
sanctioned new subsidies, It is hoped, however, 
that some of the principal tunnels may be set in 
hand, —e others those of Bergbahn, Wettingen, 
Leygistein, Naxberg, Dazio Grande, Faido, Goldau, 
and Monte Cenere. Some of these are from 3936 ft. 
to 5248 ft. in length, and it is proposed to construct 
them like the larger gallery of St. Gothard. 

These preliminary details of the réseau being 
given, we arrive at the consideration of the 
principal work, commencing by the construc- 
tion of the gallery as it will be handed over for 
traffic. 

The great tunnel of St. Gothard, which, when 
completed, will have no parallel excepting that of 
Mont Cenis, exceeds the latter in length by 8856 ft. 
The direction of the axis makes an angle of about 
5 deg. with the meridian. The northern end of the 
tunnel (Goeschenen) is 82 ft. from the southern ex- 
tremity of the platform of the station, situated 
8637.5 ft. above the sea level, and 2204 ft. above 
Lake Lucerne. From this point the line rises with a 
gradient of 1 in 171 for a length of 24,600 ft., then 
with a gradient of 1 in 1000 for a length of 4428 ft., 
where it reaches the culminating point of the tunnel 
3785 ft. above the sea ; then after a length of 1279 ft. 
it descends with a gradient of 1 in 200, for a length 
of 3870 ft., where the gradient is reduced to 1 in 500 
for 13,792 ft., which brings it to within 984 ft. 
of the platform of the station at Airolo, situated 
3755 ft. above the sea and 3109 ft. above Lake 
Majeur. 

At a point 48,396 ft. from the Goeschenen 
end, the tunnel describes a curve to the east of 
its axis, #0 that the gallery for a length of 475 (t. 
is on this curve, For convenience of execution, the 
tunnel is prolonged in a straight line for a distance 
of 541 ft. towards Tessin, in such a way that the 
straight tunnel, including this extension, will have 
a total length of 48,937 ft. These various points 
are seen upon the longitudinal section, Fig. 1, page 
360, which show the line from the Lake of Lucerne, 
or of the four cantons, to Lake Majeur, including the 
main and the two approaches. The-normal width of 
the tunnel is 24 ft. 11,4 in, at the level of the rails, 
and 26 ft. 3 in., 6 ft. 6 in. above the rails, The roof is 
semicircular. The floor of the tunnel is formed with 
a fall of 24 per cent. from each side towards the 
centre, and at the lowest partis placed a drain 21} in. 
deep, the width varying according to requirements. 
Fig. 2, page 360, is a diagram of the normal 
section. Up to the level of the top of the sleepers 
the floor of the tunnel is filled with ballast. e 
nature of the revetment varies according to the 
nature of the rock traversed. Twenty-two different 
types were designed for this purpose by the con- 
vention between the company of the St. Gothard 
railway, and the contractor, M. Louis Favre. Figs. 3 
and 4, page 360, represent two forms of linings that 
have been already adopted in the north and south 
galleries, the former where the granitic rock occurs, 
and the latter where the tunnel traverses the crys- 
talline and micaceous schists, of which the mountain 
is chiefly composed. Section Fig. 5 is to be adopted 
in passing through disintegrated rocks, but hitherto 
it has not been found necessary. 

The following conditions were upon, re- 
lating to the construction and ar t of the 
drainage channel. This channel is to be open for 
the whole length of the tunnel, and is to be of suffi- 
cient dimensions to allow free for the water, 
without the latter rising to the level of the under- 
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side of the ballast. The channel is, for the most 

placed close to the footings on the left side of 
the revetment, and it is only to be laid in the axis 
of the tunnel, in those sections which are formed 
with an invert. The bottom of the channel is 
53}in. below the top of the sleepers, and has a fall 
of which the minimum corresponds to the gradients 
of the rails. In those parts of the tunnel where in- 
filtration occurs, a second drain is made on the op- 
posite side, and is connected with the principal 
drain by perforated pipes laid under the ballast. 
Figs. 6 and 7, page 360, show the construction of 
the drain and sumps. 

Recesses 6 ft. 6in. high, 39 in. deep, and 6 ft. 6 in. 
wide, are formed in the sides of the tunnel, and op- 

osite to each other, for its whole length, and at 
intervals of 328 ft. At intervals of 1 kilometre 
these recesses are replaced by larger chambers, and 
at three other points vaults are also constructed. 
These structures are shown in full detail in Figs. 
8 to 20, page 361, and Figs. 21 and 22 are diagrams 
showing the position of the various chambers. 

The ballast in those sections of the tunnel without 
an invert is 193 in. thick at one side and 27%, in. at 
the other. Where the invert occurs the ballast is 
4 in. at the sides and 67 in. in the centre. The bal- 
last consists of clean hard stones broken to from 
1 in. to 2} in. diameter. On each side fof the tunnel 
and for a width of 39 in. it is formed of smaller 
stones and clean river gravel. Figs. 23 to 26, 

361, show the form and arrangement of 
revetments at 48,400 ft. from the north end of 
the tunnel, and show also the junction of the straight 
with the curved gallery which describes, towards the 
Airolo station, a curve of 984 ft. radius. 

Such are the general arrangements which regu- 
late the construction of the St. Gothard Tunnel. 
Before proceeding to describe the fixed plant at each 
end, and the system of piercing the gallery, we have 
thought it advisable to describe them, but we shall 
again have occasion to refer to the convention be- 
tween the contractor, M. Louis Favre and the St, 
Gothard Railway Company, especially with reference 
to the cost of the work and the time that will be 
required to complete it. 


LITERATURE, 


Telegraphy. By W. H. Prexcz, C.E., Divisional En- 
gineer Post Office Telegraphs, and J. SIVEWRIGHT, 
M.A., Superintendent ( ineering Department) Post 
Office Telegraphs. London: Longmans, Green, and Co., 
1876. [Price 3s. 6d.] ; F 

Tus is one of the ‘‘ Text-books of Science” series, 

and seems an excellent little work, although, accord- 

ing to the very modest preface of the authors, it 
contains nothing, and everything is to be found in 
some other author’s work on electricity or tele- 
graphy. It is not so large a work as Mr. Culley’s, 
and does not touch on some subjects, such as sub- 
marine cable testing, so fully as Mr. Culley’s work, 
but, on the other hand, there is a good deal about 
the construction of land lines that is not to be found 
elsewhere. The book commences with a brief 
sketch of electrical terms, then passes on to the 
various batteries employed, the Daniel in its nume- 
rous forms, such as Siemens and Halske and Meid- 
ingen’s, Muirhead’s, Minotti, &c., the Leclanche, 
which if very fully described, and others. We looked 
in vain for some description here of Fuller’s new 
battery. Passing on through a systematic description 
of the various signalling instruments—including the 
wonderful Hughes type printing instrament —which 
well deserves, however, more than a perspective 
view to illustrate it, we come to a chapter on 

Special Telegraphy, under which head are included 

Wheatstone’s automatic system, the use of con- 

densers in submarine lines, and the duplex system so 

ably carried into practical form by Stearn. Duplex 
telegraphy —the sending of messages in opposite 
directions on the same wire—is one of the great 
wonders and puzzles to those unacquainted with tele- 
graphy, and we advise any engineer who, not finding 
it possible by any means to carry traflic'in two oppo- 
site directions between any two points on a single 
line of rails at one and the same time, and thu: 
wonders at duplex telegraphy, to read Messrs. 

Preece and Sivewright’s book. 

The construction of overground lines, includin 
the various processes of Burnetising, Kyanising, an 
Boucherising, and creosoting the timber poles, the 
various iron poles used abroad and the means of 
placing ‘tt em in the ground, are given. By one pro- 
cess—Mr. Oppenheim’s—the cast-iron base, which is 











a fish-shaped casting with centre feathers, is driven 
into the ground by a kind of “ monkey” muneees 
on a tripod and the pole is shipped into a et in 
this casting. These are used in Australia. 

Siemens’ and Hamilton’s iron poles, which have 
flat iron bases—Siemens’ square, ilton’s round— 
are described. To place these in the ground the 
bottom of the hole must be sufficiently large to 
admit of the flat base, which seems to us a disadvan- 
tage. Several modes of boring holes in the ground 
by a species of large augur are described. The 
setting, staying, and strutting of poles are discussed. 
Perhaps the most meagre part of the book is that 
on insulators, a very important subject. It. only 
occupies five pages, and merely describes the in- 
sulator at present used, and indeed the principles on 
which the perfection of insulation in an insulator 
> are scarcely well defined. Nor are the 

ifferent insulators that have, at different times, 
been employed and abandoned to be replaced, at 
enormous cost, by others which have again been 
improved on, been sufficiently dealt with. 

Underground wires are also treated of, as well as 
faults in instruments and lines, and many practical 
questions as regards the quick restoration of com- 
munication when a wire fails, are dealt with. 

Taking the book altogether it supplies a great 
want. It is systematic in its arrangement, is well 
and clearly written, and profusely illustrated with 
very good cuts, and entirely deserving of encour- 
agement from those whose duty or inclination lead 
them to study telegraphy. 


The Timber Importer’s, Timber Merchant’s, and Builder’ s 
Standard Guide. By RicHarp E. Grunpy. Secon 
Bayes, revised. London: Lockwood and Co. [Price 


ErrHer the author or the publishers of this work 
appear to have a singular idea of the meaning of the 
word “ revised.” It appears that the duty on timber 
has been taken off since the publication of the first 
edition of this work, and hence a number of the 
calculations of cost, tables, &c., have been rendered 
erroneous. It would naturally have been supposed 
that in a ‘‘ revised” edition these matters would have 
been set right, but instead of this the calculations 
and tables have been allowed to remain as they were, 
and the author has contented himself with adding 
foot-notes, calling attention to the fact that the totals 
are wrong. Inasmuch therefore as each user of the 
30 pages or so thus affected has to correct the totals 
by subtracting the duty, the usefulness of the tables 
is greatly impaired. Apart from this defect we have 
pointed out, and apart from some misprints scattered 
through the examples of calculations, the book has 
been carefully prepared, and it contains a number 
of useful tables, and a variety of information about 
the timber trade, which, so far as we are aware, is 
not to be found in an equally complete and compact 
form elsewhere. 

Architect’s and Builder’s Pocket-Book of Useful Memo- 
randa and Prices. By W. Youna, Architect. London: 
E. and F. N. Spon. [Price 3s. 6d.] 

Tus is the third edition of a useful pocket-book, 
containing considerable special information, care- 
fully digested and arranged alphabetically for con- 
venient reference. This arrangement, however, 
strikes us as unadvisable, as consultation of the in- 
dex is the readiest means of finding out any special 
subject, and the alphabetical arrangement prevents 
any attempt at classification. An objection is also 
to be found in the fact that any work professing to 
give price-lists, soon becomes obsolete, and requires 
to be replaced. But these points do not detract 
from the general value of the book, which is very 
comprehensive in its range of subjects selected. 








AUSTRALIAN STEAM NAVIGATION ComPany.—Thiscom- 
pany has completed the purchase of an extensive freehold 
property at Sydney, known as Campbell’s Wharf. The 
rice ‘paid for this property is stated to have been 100,000/. 
The company’s e has now assumed such a that 
its Sussex-street property has become too small, and the 
directors have now secured the most valuable wharf 
property in Sydney, together with ample stores, offices, &0. 





Canapian Paciric Rartway.—It appears that the total 
cost thus far of the surveys for the Canadian Pacific Rail- 
way has been 2,286,907 dols. Of this sum 1,010,115 dols. 
has been expended west of the Roc Mountains. The 
Jasper Honse Pass in the Rocky Moun’ is as 
the one likely to be adopted. Explorations have been made 
of what is known as the Pine River Pass, some 60 or 70 miles 
south of the point, at which the Peace River makes a great 





bend. Atthis pass the Roc Mousey pany Se 
to exist. is Seensr’ tune Pons south , however, re- 
garded as the best. 
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HORIZONTAL ENGINE. 

Iw the course of our notice of the Smithfield Club Show last 
December, we remarked upon a very neat type of horizontal 
engine exhibited on that occasion by the General Engine and 
Boiler Company, of Union-court, Old Broad-street. We 
now publish on page 857 engravings of an engine made by 
this firm, which the chief features of that ex- 
hibited at the Smithfield Show, but is fitted in addition with 
an arrangement of variable expansion valve controlled by 
the governor. 

Referring to the tive view and sectional plan 
which we give on page 857, it will be seen that in the en- 
gine we illustrate, the outer shell of the cylinder with its 
front cover and the valve chest is cast in one piece with the 
frames and crosshead guides. The cylinder is overhung, and 
the frame consists of two plain straight bars stiffened by a 
cross-stay, and forming a direct connexion between the 
cylinder and the crankshaft bearings. Four standards or 
feet cast in one piece with the frame and situated one under 
each crankshaft plummer block, and one under each frame 
close to the cylinder, serve to support the engine. 

The crankshaft has a double crank, the arms of which are 
turned to a circular form, so that they resemblea pair of 
eccentrics, as shown in the perspective view. On these arms 
a couple of disc flywheels are fitted, these flywheels having 
an opening formed on their disc at one point, so as to give 
access to the crank-pin and at the same time by 
the removal of this metal cause the flywheels to form 
counterbalances. On one side of the engine the crankshaft 
is continued through its bearing to carry a belt pulley, 
while on the other side it carries outside the frame an 
eccentric for working the main slide valve, and at its end a 
erank.pin, from which the expansion valve is driven. 

The cylinder is fitted with a liner, as shown in the sec- 
tional plan, the space between this liner and the main 
casting forming a steam jacket. The slide valve is a piston 
valve, and its casing is, like the cylinder, fitted with a 
liner. The slide valve consists of two pistons haviog the 
steam admitted between them, the exhaust taking place 
through passages leading from the ends of the piston valve 
casing, these passages uniting with a single exhaust pipe, 
as shown in the perspective view. The expansion valve 
is alsoa piston valve, and works in the casing between the 
two pistons forming the main slide. This expansion valve 
may, in fact, be termed a cylindrical gridiron valve, as it 
uncovers or closes openings formed in the valve casing 
liner. It is driven by means of a lever arm depending 
from a short rocking shaft shown in the perspective view, 
as passing into a stuffing-box at the side of the valve chest 
near the top. Outside the valve chest this rocking shaft 
carries another lever arm en which a block slides, this 
block being connected to the crank-pin which we have 
already mentioned at the end of the crankshaft. The 
position of the block on the external arm of the rocking 
shaft, and consequently the stroke given to the expansion 
valve, is controlled by the governor, and hence the degree 
of expansion is varied’ by the latter according to the load 
on the engine. 

As we remarked when speaking of the exhibit at the 
Smithfield Show, the type of engine we illustrate bears 
evidence of much careful designing and possesses many good 
features, it being noticeably adapted for economical manu- 
facture. The bearing surfaces provided are all large, and 
the engine is well fitted for being run at high speeds if 
necessary. , 





nr Fd Possupay 4 statement bye * has ae 
in illustration e@ progress 0! ways 
Portugal shows that there are now 570 miles of line in 
operation in that country. There are further 64# miles 
in course of construction, while surveys are being made for 
a still further length of 395§ miles. 





Great NorTHERN TELEGRAPH CoMPANY.—The number 
of despatches transmitted by the Great Northern Tel _ 
Company in the first three months of this year was 138,658, 
as compared with 127,279 in the corresponding quarter of 
1875. ‘The revenue collected by the company in the first 
three months of this year was 37,9841, as compared with 
33,1341. in the corresponding quarter of 1875. 


Tun Sources or THE Nitz.—Another attempt to trace 


the sources of the Nile is to be made by a of scientific 
men, under the auspices of the Italian rap Society. 
The expedition, consisting of the Marquis Antinori and 
Senet Chiarini and ini, left Cairo for Aden. Their 
la in equatorial Africa are expected to extend over 
four years. 

Daren cre oF Sovarburton, CLG. Captain, Howard, 
oS Colonel the Hon. B. T. Finniss, Colonel Barber, 


Colonel Biggs, and Captain Musgrave, has been appointed to 
loves er general question of the defences of South 
Australia and the best means of protecting the colony from 
foreign invasion. 


Port Pints Warr Company.—The first ordinary 
meeting of the shareholders in this ne has been 

eld at ‘Adelaide, It was stated that the works which were 
i were of a substantial 
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THE ORIGIN OF MOTION. 
To THe EpiTror or ENGINEERING. 

S1z,—Having devoted some considerable attention to 
tnose i problems dealt with in the series 
articles on the “ of Motion,’’ which have recently ap- 
peared in ENGINEERING, and having arrived at certain 
conclusions respecting the nature of so-called force of 
gravity, which are by no means identical with those ex- 
pres Ny eee a ee eee ee ely te 
“*G. BR. B.,” I beg leave to state as clearly and as briefly as 
I can my views on this important question, in the hope, 
though not in the sanguine expectation, of being able to 
assist your able contributor in hi iseworthy endeavour 
to banish from modern scientific ht that monstrous 
notion of “‘ action at a distance.’” Withoutany pre tory 
apology of any kind (for I am sure none will be needed) I at 
once plunge in medias res. 

Your contributor is of opinion that the gravitation of a 
molecule is caused by the ve of the ether on that side 
of it furthest removed from the attracting body being in 
excess of that on the o ite side, and that the diminis 
pressure on that side of the vitating molecule nearest 
the ee body is caused by the disturbing influence of 
waves emitted by the vibrating molecules of that body. In 
support of this theory he appeals to the experiments of 
Dr. Guthrie and others, which prove that a tuning-fork 
vibrating in air-filled space exerts an attractive influence 
upon bodies s near it. 

About the facts established by these experiments there is 
of course no room for doubt. I decept them as proved, tw 
as I accept the facts of gravitation ; but nothing could be 
more certain to my own mind than that aérial pressure in 
the one case, and ethereal pressure in the other, have 
nothing whatever to do with the observed phenomena. If 
it could only be shown that by increasing the velocity of 
the particles of an elastic medium we diminish the pressure 
which these particles exert upon all bodies in their midst, 
something might be urged in favour of your contributor’s 
theory. But the tact is, the very reverse is the case. The 
motion of the particles of the medium is the sole cause of 
its pressure ; by increasing, therefore, the energy of that 
motion we imerease, and not decrease, the cause of the 
pressure itself. Besides, even if it could be proved that by 
increasing the velocity of the particles of the medium we 
create a partial vacuum, how is it that the supposed partial 
vacuum is not immediately filled up by some of the rest of 
the medium? Nothing is gained by saying that the medium 
is not quite frictionless, for in that case, although the 
pressure of the medium might not be the same at all parts 
of it, it would be greatest, not least, in the vicinity of all 
bodies capable of increasing the velocity of the sastialen, t.é., 
in the vicinity of vibrating bodies where, according to the 
theory of your contributor, it ought to be least. 

Still less satisfactory, if that were possible, is the theory 
of ethereal currents. The theory that currents of ether are 
continually flowing towards every particle of matter in the 
universe, and carrying the particles of gross matter along 
with them, is too absurd to need refutation ; nor has any 
one seriously advanced it. 

But is it to choose between the theories of 
ethereal currents, ethereal pressure, and ‘“‘action at a 
distance’ ? I thinknot. I think it quite possible to explain 
upon sound mechanical principles, both the attraction 
exerted by a vibrating body in air-filled space, and the 
attraction of gravitation without the aid of the pressure or 
the currents of the air or the ether. 

I know of no better way of doing this than by means of a 
simple imaginary experiment, which is nothing but one of 
Dr. Guthrie’s experiments under conditions more simple 
than obtain in actual practice. The considerations I 
shall urge in reference thereto will apply almost word for 
word to the actual experiments of Dr. Guthrie, as well as 
to the phenomena of gravitation. 

I take for granted that the medium concerned in the 
phenomena observed by Dr. Guthrie is nothing but the air 
itself ; and that the molecular theory of gaseous pressure is 
the correct one. That is to say, the air is composed of an 
immense number of little bits of elastic matter (elasticity 


I shall try to explain presently) called molecules, which are |? 


in rapid motion in straight lines in all directions, continually 
coming into collision with each other, and impinging upon the 
surfaces of all bodies placed in their midst ; their impact upon 
those surfaces being the sole cause of the aérial pressure 
to which they are subject. 

This being premised, let us suppose that a large hollow 
glass globe is filled, or very nearly filed, with meleouien of 
air, differing from ordinary molecules in being imponder- 
able, and in being, in the rst instance, in a state of rela- 
tive rest. No pressure in this case can be exerted on the 
interior surface of the globe, nor upon the surface of any 
body which may be introduced into the globe, and, the 
molecules being imponderable, no currents can be caused by 
diminishing the weight of any portion of the contained air, 
= might be the case were the molecules not imponder- 
able. 

Now imagine that we introduce into the centre of this 

lobe a vibrating body, say, for instance, a hollow sphere of 
ll-metal, which call a. We can readily trace the influence 
which this disturbing cause would, and would not, exert upon 
the hitherto inactive contained in the sphere. In 
the first place, it would not diminish the weight of any 
portion of the air so as tocause aérial currents, use the 
molecules are all im: In the next place, it could 
not diminish the pressure of the air in its vicinity because 
prior to its introduction there was no preasure to diminish, 


since the air molecules were at rest, and the cause of aérial 
ure, molecular motion, wasabsent. On the contrary, 

e immediate effect of a’s vibration would be to cause 
aérial pressure. The air molecules would be set in motion, 
they would come into collision infer se, rebound from each 
ing a’s vibration to be 
be exerted upon the in- 


other, repel each other, and, su 
sufficiently rapid, pressure 





terior cunfaco of Ge gil. and upon the surface of any 


body that might be introduced therein. So far, then, from 
a's vibration being a cause of a diminution of aérial pres- 
sure in its vicinity, it appears that this vibration is, in this 


of | case, the sole cause of the pressure itself. If, therefore, 


it were found that a small brass ball b, which we now in- 
troduce into the midst of the molecules, midway between 
the centre of the globe and its circumference, exhibited a 


tendency to move towards a, as it undoubtedly would do, 
I should certainly hesitate before ascribing this tendency 
to a diminished air 


ressure on that side of it nearest the 
centre, seeing that Neaee a@ was introduced the molecules 
of ot at rest did not, as we have seen, press at all. 
Indeed, if there could possibly be any variation of pressure 
in the globe, the pressure must necessarily be ter in 
the vicinity of the origin of vibration than elsewhere, for 


city. But seeing that our molecules are frictionless, the 
pressure must necessarily be uniformly distributed through- 
out the mass. , 

Neither should I suppose that a attracts b by causing 
currents of air to flow from all |parts of the globe towards 
the centre. How could it do so? and what becomes of the 
air molecules when they reach the centre? . 

The true explanation of b’s approach towards a I believe 
to be as follows : 

Although in this imaginary e 
the air at any two parts of the sphere must necessarily | 
exactly similar, it by no means follows that the aérial 
density must be likewise uniform. Indeed it is quite evi- 
dent that this could not be the case. The effect of the 
vibration of the sphere a, would be to set the layer of mole- 
cules contiguous to it in rapid motion ; the les com- 
posing the first layer impart motion to those of the 
second, those to the next in succession, and thus the motion 
emanating from a becomes distributed throughout the 
mass, but not uniformly so. A few moments’ consideration 
will suffice to show that the molecules contained in the 
sphere would necessarily assume the form of a series of 
concentric spherical layers or strata, no two of these layers 
exactly resembling con other in density ; that of any layer 
depending upon its distance from the centre. The reason 
why those layers nearest a are the least dense being that 
the molecules composing them move at the greatest velo- 
city, and repel each other the most violently. 

t follows, therefore, that if our brass ball b were sus- 
pended midway between the centre and the circumference 
of the sphere, it would be surrounded by molecules which, 
though pressing equally at all parts of its surface, are not 
uniformly distributed around it ; those molecules impinging 
against the outer half of b’s surface (that half of it furthest 
removed from the centre) being upon the whole more closely 

cked together than those impinging against the inner 

lf. The quantity of matter impinging against the outer 
half being in excess of that impinging against the inner half, 
but the momentum of the impinging molecules being equal in 
both cases. 

The aérial pressure upon the outer half of b’s surface 
being exactly equal to that upon the inner half, we might 
still wonder how the ball b is made to approach a, if we 
were obliged to regard the molecules of which b is com- 
posed as being in a state of rest. Fortunately we are 
obliged to do no such thing, and our wonder ought surely te 
cease when we remember that 6’s molecules are in con- 
tinual agitation, and that not only do the molecules of air 
impinge against b’s surface, but the molecules forming that 
surface in turn impinge against the surrounding molecules 
of air. Now, under these circumstances, } can remain at 
rest only so long as its molecules rebound from those of the 
air with exactly the same force at ail parts of its surface. 
This they can only do if the molecules of air are uniformly 
distributed around it. If the molecules of air are more 
densely packed together on one side of 6 than upon the 
other, it is evident that, according to the laws of collision 
between elastic bodies, the molecules forming b’s surface 
would rebound with the least force from that part of the 
air which is the least dense. The air molecules against 
which the molecules composing the inner half of 6’s sur- 
face impinge being less dense than those against which 


riment the pressure of 





those forming the outer half impinge, b’s molecules do not 
rebound from the air with the same force at all parts of 
its surface. They rebound with the greatest force at that 
portion of its surface furthest removed from the vibrating 
sphere a, and b necessarily has a tendency to move in the 
direction of least aérial density. 

Of course the difference in density of the air in the sphere 
at any two points, not equidistant from the centre, is very 
slight, but we should remember that the velocity of b’s 
molecules is extremely rapid, and when we consider that 
these molecules may vibrate many thousands of times in a 
second, and that every vibration results in some movement 
towards the origin of vibration, we can readily understand 
how nothing short of an absolutely uniform distribution of 
air molecules around a body can insure its remaining at 


rest. 

We have only to substitute for the vibrating sphere a 

the tuning-fork of Dr. Guthrie, for the brass all b Dr. 

Guthrie’s suspended card, and for our imponderable mole- 

cules ordinary molecules of air, and the explanation I have 
iven of my imaginary experiment holds good of 
uthrie’s actual ones. 

And (what is still more important) we have only to sub- 
stitute for our vibrating sphere a a vibrating molecule, for 
our brass ball another Savona, composed of elastic atoms 
in rapid vibration, and for our imponderable elastic mole- 
cules contained in the glass globe, the elastic particles of 
ether contained in the boundless universe, and the explana- 
tion I have given of b’s tendency to approach a holds food 
of the gravitation of the second niolecule towards the first. 
Just as the elastic molecules of which b is composed impinge 


— the surrounding air molecules, which are more 
¢ 





osely packed os on that side of it furthest removed 
from a, and rebound from that portion of the air with 


it is there that the molecules move with the greatest velo- | 1 


Dr. | which the Government could appoint by 








c- energy than at other parts, so with the molecule. 
vibrating molecule communicating its energy to the sur- 
rounding ether particles causes these to assume 
the form of concentric strata around it, no two of which 
strata being exactly alike in density. Another m " 
placed at any sensible distance from the first, composed of 
elastic atoms which are continually impinging against the 
surrounding particles of ether, gravitates towards the first, 
because the ether particles being less dense upon one side of 
the molecule than upon the other, its elastic atoms, after 
impinging inst the ether, rebound with the test 
energy from that side furthest removed from the a i 
molecule, thus impart to the molecule, of which they form a 
, a tendency to gravitate in the direction of least ethereal 


I ~ a to deal with this subject further in a subsequent 
etter. 


I am, yours truly, 
Txomas Inwoop PoLLARD. 





To THE EDITOR OF ENGINEERING. 

S1r,—In your leader of April 7th, on some of the diffi- 
culties raised by yor interesting papers on the ‘‘ Origin of 
Motion,’’ you put the case of two ultimate atoms of equal 
mass impinging against each other with equal velocities in 
opposite directions ; in such a case it is clear that the total 
momentum as well as the total energy of the system, 


be | must be the same both before and after impact ; if, there- 


fore; +c and—c represent the velocities before and » and v, 
the velocities after impact, we have the conditions : 
c—c=v,+ v=o 
2P=v,2 +042 
The only solution to these equations are, 

3. o%=+C¢ W™=—Cc 
and 

2. v%¥=—Ce Vg=+e 

Solution 1 involves the passage of one atom through the 
other without change of motion, and may be dismi as at 
least improbable. 

Solution 2 (the one accepted in your leader) is the case 
of a rebound, and involves a change of motion of one atom 
from +c te —c and of the other from —c to +c’; between 
these two states there must be a period (if only an in- 
finitely short one) of absolute rest of both atoms, and if we 
exclude the possibility of a temporary addition to the 
potential energy of the atoms by help of internal cohesion 
there must have been an annihilation and recreation of 
energy. 

I am, Sir, yours truly, 
W. Pitt 


Clifton Vale, Bristol, April 25, 1876. 

[The case alluded to by Mr. Pitt is dealt with in our 
article on the “‘ Origin of Motion’ which appeared in our 
last number.—Eb. E.] 








THE PROSPECTS OF CIVIL ENGINEERS 
IN INDIA. 


To THE EDITOR OF ENGINEERING. 

Str,—In my last letter I endeavoured to point out the 
delusive expectations by which yo ineers were in- 
duced to enter the Department o Public orks in India, 
but i did not expect that the disorganisation in that service 
would have commenced so soon as it has. By last overland 
mail I observe that four young engineers, rather than con- 
tinue under the present system which stops all promotion, 
have resigned their appointments, and one of them writing 
in the Pioneer of February last, ing the way 
many are treated, says, ‘‘ Among many regrets I have just 
one cause of satisfaction. Some years ago I Sevtenakaly 
succeeded in preventing one of the ablest men I ever knew 
from entering this heart-breaking and deceptive career, and 
thereby saved him from a soured vexation of spirit.’?” About 
four years ago the Government felt so much the effects of 
their system when they found that out of fifty candidates 
that presented themselves for such a service only four were 
found qualified for the fifty appointments offered, that 
they at once organised the Cooper’s Hill College, but did 
not once look at, or in the least amend, the system of pro- 
motion. At that time out of 896 engineers, so called, there 
were only 533 who had been educated as engineers. The 
other 363 were made up of military officers, most of whom 
had m: to get transferred, after a so-called study at 
Roorkee, from their real profession to become budding en- 

ineers. How this wound may be seen by the public 
uildings that toppled over and melted away under the 
monsoon showers. In the inquiry that followed it was 
found that some of these gentlemen were so ignorant of the 
rofession of a practical engineer that they could not even 
w a couple joint. The Government will never be secure 
from such disasters till they relegate all such men to their 
regiments, commit the whole administration to Royal and 
Civil Engineers, and place the system of promotion on a 
more just and equitable footing. Why should there not be 
regularly se promotion on competency, proved by ex- 
amination and the reports of superiors, to engineers who 
have served efficiently in i , and for men who 
aw done good — and ay marked fitness — - of 
ere wo open special appointmen 
Sey hen 
neither incompetency nor neglect is alleged, a man sho 
be entitled to promotion and not left to the haphazard at- 
tentions of those at the head of the department, who seem 
to make promotion by the lump (when they do so), without 
any regard to recommendations, seniority, or an but 
their own unwillingness to study F emo and fair play. It 
is stated in the regulations that assistant ery are 
to be 60 per cent. in excess of the i t at this 
moment, if I am informed, the proportion is 
more like 120, while much of the of the executive is 
assistant, 


performed the who, he may at 
times get extra pay for 0 doing, is after  fow mouths 
again reduced to his pay as an and the 
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Sa 
Government save the money which, if the assistants were | posing a second cylinder (the low pressure) between the | will favour us with a really that will answer all 
in the promised and stip preparation, they would get. | condenser, or atmosphere, as the case may be, and the | the requirements of the ire Ew j : 
This is what an able writer calls “the candle-ends of a par- | hot initialsteam, ee a heat trap between} While writing on a I should like to ask if any 
simonious economy.” Is notsuch a system a direct breach | the two extremes of tempera in the engine. experiments have been to test the value of steam- 
of faith, under which strange feelings of discontentment and| But another great cause of superior. economy in the com- that the inside 


indignation must be engendered which cannot but de- 
moralise the service? Need we wonder at sudden resigna- 
tions. Those who early do so are saved the state of mind 
under which several most disastrous terminations of such a 
career take place. In conclusion, these facts should lead 
the authorities at home to inquire into the working of the 
machinery, and at once to do justice to those young engi- 
neers who, through no fault of theirs, have so long been 
denied their rights through the carelessness or the incom- 
petency of those who make the promotions. Such men fear 
= and representations getting beyond their own 
nands, and by an unwarranted and unjust assumption 
seldom or ever allow such documents to get beyond 
their own desks, lest they should be called on to explain. 
Abuses of another kind I cannot in this letter enter on. 
Tam, &., 
A VicTIMIsED PARENT. 





* HEAD’S PATENT PRIME MOVER.” 
To THE EprIToR OF ENGINEERING. 

Sir,—In reply to the strictures of your correspondent 
‘*E. C. R.” on my first letter regarding the above subject, 
I must repeat that a compound engine cheaper and less 
complicated than Mr. Head’s engine can be and is made. 
It is not desirable to make invidious distinctions, nor would 
it be proper to make your correspondence columns a medium 
for advertisement ; the advice I have, therefore, to offer to 
‘©. C. R.”’ and other unbelievers is to ‘‘ search and find.”’ 

Now although “ E. C. R.”’ is ‘‘ unable to understand”’ 
how a compound engine can be simpler and less costly than 
Mr. Head’s engine, he has no right to assume that all 
other engineers must be equally “‘at sea’ in the matter, 
and that, therefore, my statement is unfounded. As he is, 
however, a sincere admirer of compound engines, promebty 
his admiration may be increased when I show. him that 
this engine can be at once simple as well as compound. 

In the first place there is no necessity for assuming that 
the compound engine must have condenser and air pump, 
for it may in common with other engines be either con- 
densing or non-condensing, and here the ‘‘ ceteris paribus” 
applies. Now I would ask ‘‘ E. C. R.,”’ in his mind’s eye, 
to conceive the cylindrical valve casing and the cylinder of 
Mr. Head’s engine to be respectively the high-pressure and 
low-pressure cylinders of a compound engine. Let the 
piston rods of these two cylinders be attached to one 
common crosshead which is engaged by a single connecting 
rod. Let the slide valves faces of each cylinder be in the 
same plane, and the spindles of their respective valves be 
attached, also, to one common crosshead which is engaged 
by a single eccentric rod. The remaining details may be 
filled in as in the simplest ordinary engine. Now here we 
have a compound engine that, without a governor expan- 
sion or other variable expansion, is, I unhesitatingly re- 
peat, a more economical and a more uniform running 
engine than the most refined single cylinder. I will make 
“«E. C. BR.” a present of one of the flywheels and will still 
have material left, and to spare, in Mr. Head’s engine, 
wherewith to construct the simple ‘‘compound’”’ above 
described. 

There is indeed an inexplicable paradox in the fifth con- 
dition-Mr. Head lays down as one which his engine has to 
fulfil. The paragraph referred to runs thus (see En- 
GINEERING, page 269): ‘‘To work as economically with 
respect to weight of steam used, as is possible for an engine 
not encumbered with condensing apparatus, nor compli- 
cated with more than one cylinder.’’ Yet Mr. Head pro- 
duces an engine not only ‘‘ complicated’ with a second 
cylinder, but said cylinder having within it two additional 
cylinders! Moreover this system of cylinders within cy- 
linders is of so refined a character that Mr. Head provides 
for and refers to the desirability of a duplicate set being 
kept on stock ! 

So much for simplicity and cheapness versus costliness 
and complication. 

Now for uniformity of motion. “ E. C. RB.’ says that 
perfect smoothness and uniformity are properties of refined 
single-cylinder engines. Now I cannot admit the appli- 
cability of perfect to the case. Any seme a engine 
may possibly be made to produce a sufficiently uniform 
motion, but such uniformity cannot, in the nature of things, 
be perfect. And however uniform the motion produced 
by a single cylinder engine may be, that produced by a 
compound engine is, ceteris paribus, still more uniform. 
If ““E. C. B.”? were placed, say, on a house top, with the 
option of returning to the ground either by a leap or by 
means of a ladder, there is little doubt, if his mind is suffi- 
ciently well balanced, that he would prefer the latter 
means of descent. The house top and the ground repre- 
sent, respectively, the initial and the terminal pressures of 
steam in an engine; the leap is the action and shock in a 
single cylinder expansive engine, whilst the ladder repre- 
sents the successive stages of descent of pressure in a com- 
pound engine. 

Lastly, with regard to econom 


of fuel. A few years 
ago, until indeed both seeing an 


feeling were forced on 


unbelievers, many engineers of high standing declined to | ad 


believe in a superior economy resulting from expanding 
steam in successive cylinders, as against expanding it 
ually in a single cylinder; and even now eon nearly 
all have been ¢ converts a + many are still ignorant 
of the rationale of this superior) economy. To my mind 
the nature of the improvement effected by Watt’s great 
invention of the separate condenser, is remarkably ana- 
logous to that effected by the com engine; the reduced 
cooling effect that Watt attai i 
denser from the cylinder being im @:-most natural way 
carried just a step further in the same direction by inters 


pound engine is the reduced loss arising from leaky pistons. 
One of the greatest sources of waste in steam engines is due 
to leaky pistons, and it is in most measure to this that 
engines. fall off in their duty as com with their per- 
formances when new. It isalso a fact that the performance 
of compound engines does not fall off so rapidly nor to so 
great an extent as that of single-cylinder engines. The 
cause of this is that any leak of steam past the high-pressure 
aoe is trapped by the low-pressure cylinder, whilst the 
ower mean pressure and density of the steam in the latter 
cylinder, together with other favouring conditions, render 
the loss from leakage less than half that of single-cylinder 
engines of equal power. 

trust that I have now enabled ‘‘E. C. R.’’ to under- 
stand how a compound engine can be made cheaper than 
Mr. Head’s engine, and why all compounds are, ceteris 
paribus, more economical of fuel and more uniform in 
motion than single-cylinder expansive engines can be. 

Your obedient servant. 
May 2, 1876. ERIMUvs. 








VARIABLE EXPANSION GEAR. 
To THE EDITOR OF ENGINEERING. 

S1r,—The variable expansion gear described and illus- 
trated in your paper of the 21st inst., page 315, although 
no doubt capable of copeeive the speed of engine under 
ordinary conditions, such as when only a few of the driven 
machines are thrown off at the same time, will hardly work 
with that amount of celerity required under special circum- 
stances. 

Where, for instance, the power required to drive the 
shafting is small compared to the power required to drive 
the various machines, and when these are liable to be all 
thrown off at once, a very quick acting nsion gear 
appears to be a necessity, so as to avoid a Ludiite variation 
in s In case of fracture to any portion of the gearing, 
such as wheels, shafting, or coupling (however Senet; 
made), especially after the engine had just been exerting its 
full power, it would appear from the drawings that it would 
take fully 1} minutes (if engine still made 47 revolutions) to 
completely shut off the steam, i.e., to alter the e ion 
from .8 to 0, and in this time much damage may be done. 

‘ = 14 minutes (at usual speed of engine) is estimated as 
OLLOWS : 


Proportion of first set of wheels ... 4 8 tol 
a three sets of bevel wheels... ; Re 
a wheels g d*... , as 3,2 

Number of threads on screw... wii 12 

3x2x2x2x$x12_16x12_ 192 _1 98 oteshen, 





1 150 =: 150 
The governor would have to make 192 revolutions, and 
engine 60 revolutions, before the steam was cut off. 
admit that it is but seldom that the whole load is sud- 
denly removed, but should a governor not be able to pre- 
vent mischief being done, when such does om P 
Yours obediently, 

April 29, 1876. W. ScOHNHEYDER. 

P.8S.—Twenty-nine wheels are employed to drive the 
governor and work the expansion gear. 








STEAM-JACKETTED CYLINDER COVERS. 
To THE EDITOR OF ENGINEERING. 

Srr,—Mr. Head’s paper on his ‘‘ Patent Prime Mover” 
has interested many engineers, and no doubt proved very 
serviceable to engineering apprentices. 

It is very rarely that we are favoured with the opinions 
of designers, or their reasons for adopting one form of 
detail in preference to another; but when we do receive 
such information, it must be most instructive to any who 
are in pursuit of this class of ee nt therefore all 

oung engineers will with me thank Mr. Head for the useful 
information contained in his sore. 

In your issue of 28th April, 1876, there be so a letter 
signed “ Erimus,”’ in which reference is made to the steam 
jacketting of the top cylinder cover of Mr. Head’s engine. 
‘* Erimus’’ shows a plan for admitting the steam to, and the 
water from, the top cover of an inverted engine, which he 
considers the “‘ best arrangement.”’ 

Now it had occurred to me that Mr. Head’s mode of 


draining the top cover was not very neat, but by a slight 
alteration it might be made to drain the cover 
and, as shown, it is decidedly a better plan than the “ best 


arrangement” proposed by “* Erimus,’’ which looks very well 
on paper, but is in practice a nuisance. 

Some little time ago I had the superintendence of a few 
repairs to a 10 horse power single-cylinder portable engine, 
made by a celebrated firm of engine builders. The cylinder 
covers were supplied with steam from the jacket, exactly 
as represented by ‘‘ Erimus,’’ viz., by means of ‘several 
holes drilled through the ends of the cylinder, and opposite 
these similar holes in the covers. 

After removing these covers I found all the holes in each 
end filled with red lead lin. thick, for, evidently, every 
time the cover joints had been made, a fresh layer had been 
ded in each hole, to account for the thickness of lead 
named ; ‘after clearing out the holes, which was no yf 
matter, as the lead was plugged in be and very hard, 
found the jackets of the covers full of water, and judging 
from appearances, they had been in this state for years. 
Very few engine drivers would take the trouble cfr 
them clear of lead when making the joint, and no one 
guarantee to keep them open, no matter how carefully the 
joint was made. ’ - 

Thereare several plans used for horizontal engines, 
which answer well for them, but fail when applied to in- 





‘verted engines; perhaps some reader of ENGINEERING 


oH 


to the steam in the cyli % 
other hand, no doubt prevents 
from unjacketted covers to some extent. 
do not apply to the body of the cylinder, it 
kept clean by the piston, and-we have ample evidence of 
the utility of the steam jacket round the cylinder. 

If it is ficial to jacket the covers, the same treatment 
should extend to pistons, for in large short stroke engines 
we are told that the jacket round the cylinder loses some of 
its power, “‘ its influence not being able to extend far into 
a great body of steam,” therefore jacketted pistons and 
covers would no doubt materially lessen the inside conden- 
sation. Perhaps some of your readers will be able to tell 
us whether any engines have been fitted with 
pistons, and also, near She einen Oe to them P 

ours: 


trul 

May 1, 1876. Ww. F. 

[In reply to our correspondent we subjoin sketches of two 
modes of connecting cylinder cover jackets, which we have 
ourselves used. In the first the arrangement is similar to 
that proposed by ‘‘ Erimus,”’ except that opposite the com- 
munication hole there is provided a plug a, the plug being 
removed and a bar or h it into the com- 
munication hole at the time that the joint is being made. 
Red lead is thus prevented from entering the communica- 
tion hole. In the second arrangement the same purpose is 


AA 


served by the short piece of tube screwed into the cover. 
When cylinder cover joints are made with red lead we 


consider some provision of this is necessary, as—like 
‘“W. F.”—we have seen communication holes completely 
stopped up in such cases. If the surfaces are carefully 
f _ the joints made ap a eS PT Bad 
precaution is unnecessary. . F,’s”’ other 
query we may state that many marine have been 
made with pee steam admitted by 
a sliding tube.—Ep. E.] 


THE THREE-CYLINDER ROLLING MILL 
ENGINE. 


The same 
loss of 


i 
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To THE EpIToR oF ENGINEERING. 
S1z,—Your last number contained an illustration and 


description of a very compact three-cylinder rolling mill en- 
gine at the Cyclops Iron Works, haw. I desire to 
correct one statement, which from a certain point of view 


may be considered inaccurate, and to offer a friendly 
criticism upon two or three other poly ww 

The correction is this: It is that the engine is ‘‘ the 
largest of its type which has yet been made,’’ the parti 
given being “‘ cylinders in. in diameter 
stroke,” maximum number. of revolutions ‘* 
Brotherhood and Hardiagham snpplied £6 my fr ( 

rother an 8) ; 
Fox, Head, and 00.) an engine almost identical 1 design 
having 24 in. cylinders with 14 in, stroke, and 
to run steadily at 300 revolutions per minute. 

shone the somewhat longer does, strictly 
ing, justify the statement that the Openshaw engine 
largest of its type yet made i i 
the s of piston 
that it is the less 

is clear tha 


may be vii i ight fi 
one 


oa 





ewed 
the novelty which 


ferred to. 

gine is particularly well adapted for 
engine is w 
mills) from its com 4 tness, and 


ves t in running, 
po at angles » § 120 deg. with each other, and there 
being no dead centres,” Sf guy one Will epentaliy set out, 
as I have done, the position of the pistons as 
Pages to the valve ne Pro yw and distri! 
in these engines, he owing partly 
between the, cylinders, and partly to the ee 
at — } Oe ee rods, each pis 
trave ve- its jo » or thereabou' 
the next one is on the centre. if therefore, 
so constructed that there are, no ‘dead 
that the steam cannot be cut off so 
stroke. I believe it will be found that 
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HARTNELL’S NUT BORING, TAPPING, AND FACING MACHINE. 


CONSTRUCTED BY MESSRS. EMBLETON, MACKENZIE, AND WALTON, ENGINEERS, LEEDS. 

















(For Description, see opposite Page.) 
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same work and a cost enhanced in 
can be shown that this engine can cons 
inch of piston area than an 0: 
ve good reason to doubt. 

Lastly : It appears to me that the reciprocati 
i e-action triple engines cannot be 
e inward strokes. The revolving weights of 
course can be neutralised by revolving counterweights, 
bat not the pistons, and the end of the connecting rods 
attachedtothem. In a double-acting cylinder the momenta 
of these parts may be cushioned by the steam, as may be 
done-here also on the outward stroke. 
cover to the cylinders at the inner end cushioning becomes 
he momenta must be received 
at the connecting rod ends an 
successively. This tends to produce wear 
¢, in a degree which would increase in a rapi 


ndents be able satisfactorily 
ions to a piece of mechanism 


ae I have always 


ble there ; and t 





ratio with the s ‘ 


many ways and for many 
, Do one will rejoice more t 
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Yours truly, 


Jernemian Heap. 
Newport Rolling Mills, Middlesbrough, May 1, 1876. 





latter which refer to the training and 
of engineer students in the 





ON THE TRAINING OF ENGINEERS. 

To THE Eprror or ENGINEERI 

Sre,—It was with pleasure that I 
last issue, the one on the training of engineers, 

other on the position of Royal Naval engineers, but I 

think you have been misinformed in those portions of the 

ical attainments 


pote the. simailasity of 


with that the engineer st t 


rt After leavlag school, the im. 
for a while, ing general 








iecteeeecocciall 


























MUNN LOUG TEAR WOE DENRA) 





























to the works, where he is under 
whose sole duty itis to instruct him 
and his fellow-students practically ; portions of his time are 
devoted to the study of theoretical subjects during his sta 

to a technical school, 


be observed that the dif- 
t, Mr. Holley’s ideal 
ould study previous to 

ineer student studies 
Much might be said as to which 
lan ; I incline to the system of 
training adopted by the Admiralty, though I think it might 
ed, and in no better way than 
eer (in addition 
or the exclusive training or instruction 


Perhaps it would be as well to state that the examination 
engineer student is competitive; the sub- 

include the whole range of arithmetic, the first six 
ks of Euclid, algebra, and French translation, and the 
The ' time of entry is 


intending engineer 
nanmata tesa.’ 


at the works, and, 

to wit, the Royal Na 
in making comparisons it wi 
ference in the two cases is very 
being that the intending engineer 
going to the works, whereas the 
whilst he is at the works. 


But there being no | is the more advan 


mechanical teacher) 


competition is usually very . 

between the ages of 14and 15, and consideri 
not at all an uncommon thing for the successf: 
to obtain from 80 to 90 per cent. of the maximum marks, 
the fact speaks well for the capacities of those who are 
selected by the Civil Servi 

the course of training 


ice Commissioners to commence 

prescribed by the Admiralty for 
take exception to the statement in your article 

that the engineer student considered himself si 

student to whose instruction the whole staff of the 


1G, 
oy | the articles in 











ments, and maintaining their supposed right of selection 
would have amounted to dsholens, which would have 
been dealt with according to those regulations. 

It is not strictly correct pone ays = knowledge of every 
me 
se e was le to compete for the 
School of Naval Architecture at South Kensington, and 
those students who received rewards for theoretical know- 
ledge considered success in this competition far better than 
the possession of a few books. Practical pee was 

considered in choosing the successful dates, 
and high marks were given for it. : 

With regard to those students who failed in October, 
4874, I would like to draw your attention to the fact that 
they did not fail in “‘ excellence of workmanship. Not one 
student has been rej at Portsmouth from that cause, 
and I should feel obliged if you would call the attention of 
senior engineers to the fact. No steps have been taken to 
alter the course of instruction since the occasion referred to- 
What little change was effected took ~~ prior to it. 

There are cases of failure as will 


that assistant engineers are too ill-qualified for their duties, 
and it is hardly fair to expect men of over twenty years’ ex- 
3 ee men who have not 

sea experience at all ; men of forty- ve yours of age to be 
replaced by men of twenty-one. The system of train- 
ing students might be improved, and in no way more than 
os 5 we ical instructor for the last two years 
0 


their time. Apologising for troubling you, 
I beg te ethcethe ae 


FLoops IN THE River Ovsz.—On ie last week 
the Mayor of Bedford (Mr. J. T. ——- several of 
the corporation who had been appoi 
and went down the river as e 
and up to Biddenham and Bromham Mill, visi on their 
way mills, sluices, and locks, i . 
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HARTNELL’S NUT-SLOTTING MACHINE. 


CONSTRUCTED BY MESSRS. 


WueEn several surfaces of a casting or forging require to 
be tooled with relative accuracy, it is generally best to do 
them at one fixing, so that the accuracy may depend on 
the construction of the machine rather than on the skill in 
refixing. If the articles be required in great numbers, and 
despatch be an object, not only should the best steel and the 
highest rate of speed, &c., be adopted, but the machine for 
doing the work should be so constructed that it may be kept 
constantly going and not stopped while the work is being 
changed, while, as far as conveniently practicable, several 
operations should be performed simultaneously. 

These requirements are not usually complied with in 
engineers’ tools, but may be readily fulfilled by adopting the 
general principle of traversing the articles by stages to 
successive operations, in cloze succession, entering them 
rough at one end as they leave finished at the other. Several 
sets of tools thus act on different articles simultaneously ; 
the fixing and unfixing being done clear of the tools, and it 
follows that the time required for each of a number of 
articles is virtually that of the longest operation plus that of 
moving one stage. It is on this principle that the machines 
for facing, &c., nuts, designed and patented by Mr. Wilson 
Hartnell, of 11, Lyddon-terrace, Leeds, and illustrated by 
us on the present and opposite pages, are constructed. 

The machine for boring, tapping, and facing nuts, illus- 
trated on the opposite page, consists of a rectangular 
bedplate, on two legs, carrying five tool spindles with 
driving and feed gear. The nuts are held by four 
separate chuck plates or slides, which can slide in 
the transverse casting, seen in plan, Fig. 2. Each 
slide takes four positions in succession. Firstly, clear 
of the tools in front of the machine, where the nut is in- 
serted. Secondly, between the first pair of spindles with flat 
tools, one of which carries the drill. Here the nut is bored 
and rough faced. Thirdly, before the tapping spindle 
where the nut is tapped. Fourthly, between another pair 
of spindles where a light ing cut is taken off both sides. 
Fifthly, the slide falls out of the machine and returns to the 
front by a shoot (not shown), whence it is again put into the 
first position, The slides are pushed forward, and the tap 
inserted by hand; the other motions are self-acting. 

The four tool spindles are driven from a countershaft 
overhead, not shown, driven from the cone pulley shaft. 
The tapping spindle is driven by a long pinion on that shaft. 
The tapping spindle is advanced and retired by hand, 
the tool spindles by cam faces both on the bushes which 
form their outer bearings, and on the bosses of the four loose 
wheels. which revolve slowly contact with them. The 
tools advance rapidly to their work, slowly through the cut, 
and are rapidly withdrawn by the springs, and after a 
pause, to allow the nuts to be traversed a stage, they 
repeat the action continuously. The drill spindle having a 








Pig.1., 


longer traverse, has a friction wheel. 
The cam bushes are adjusted by 
hand to give the right thickness of 
nut. The feed wheels are driven 
by two loose wheels on the cone 
pulley shaft, seen in plan, 

to the feed shaft, seen in end view, 
which is driven by a pinion and 
pulley with a strap from the nearest 
tool spindle. 

Each slide (see detail view, Fig. 
4) has a pair of dies to grip the 
nuts and a position die through 
which the enlarged part of the set- 
screw with a thread half the 
pitch of that of the smaller part. 
Thus the notch in the position die 
is always a constant distance from 
the centre of the nut. 

The cross casting contains the 
mechanism for holding and releasing 
the nut-slides, viz., three position 
pins which enter the notches of the 
position dies, each with a spring, a 
weighted locking wedge, and a 
draw-back lever which is loose on the cross spindle 
(see Fig. 5, page 364). Two slides only are shown in 
plan, one in section with its position pin. The central 
position pin is omitted, to show in section one of the four 
tightening pins. The cross shaft is furnished with a hand 
lever, three short levers with projecting pins for raising the 
wedges and acting on the drawback levers, it has also four 
eccentric surfaces for the four tightening pins which cause 
the loose bar under the slides to grip or release them. 
When the hand lever is raised one quarter of a turn the 
slides are perfectly free, and vice vers4. A copious stream 
of fluid is supplied to each of the tools by a system of pipes 
with pump. 

The operations are as follows: The machine being in 
motion the four tool spindles advance and retire together 
continuously as above described. Directly the tap is 
through a hole it is removed, and the cutter spindle then 

to retire the locking handle is raised, whilst the 
outer slide is pushed approximately before the drill, neces- 
sarily advancing the other slides ; the handle is then lowered 
to secure them in their new places and the tap reinserted, 
and the cutting operations again proceed. The’ last slide 
that had fallen out is again placed in front, a fresh nut in- 
serted, and the attendant waits to repeat the cycle. 

Thus each nut being drilled, tapped, and faced at one 

a perfect thread is made exactly to 
the turned faces. The finishing cutter being but once ad- 





EMBLETON, MACKENZIE AND WALTON, ENGINEERS, LEEDS. 








justed and having little to do, the nuts may be very smoothly 
finished and must be all to one gauge. The time required 
for six operations is reduced to that of the longest plus that 
of traversing the slides. This time for a fin. nut, for ex- 
ample, is about 40 seconds, The machine illustrated is for 
sizes up to ¢ in. 

The machine for tooling the hexagonal faces of nuts is a 
form of slotting machine with three pairs of tools, and it 
is shown by Figs. 1, 2, and 8 on the present page, The 
circular table has six equidistant nut mandrels, The 
arr: ts are such that six faces or three distinct sets 
of nuts are slotted at the same time, and when a rough 
nut is presented to the first pair of tools a finished nut is 
withdrawn from the last. The tools are furnished with 


left-handed threads ; or any slide ma 
by revolving its individual nut. 
strong crossbar forming part of a vertical reciprocating 
frame driven by an adjustable crank-pin on the cone pulley 
shaft below. The revolving table is secured to the travers- 
ing table by means of a locking lever with a pall that 
resses it against the stop lever in front. B 

lever and withdrawing it until the 
catches the table, the stop lever is pushed aside, 
ing the locking lever forward again the stop lever returns, the 
table is pushed round and secured one-sixth of a revolution 
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ahead. Each mandrel not only revolves one-sixth part, 
but is carried to the place before occupied by its prede- 
cessor. Several nuts are carried on each mandrel. The feed 
motion is of the usual intermittent kind driven by a cam, 

The form of tool box and tool being similar to those of a 
planing machine, the tools may be equally keen and hard, 
they last longer and cut more smoothly than the ordinary 

tools. For special purposes where the highest 
finished is required a spring tool can be placed behind 
each roughing tool. 

The mode of working is as follows: Whilst the tools are 

on three sets of nuts, a finished set is removed from 
one of the three exposed mandrels, and an unslotted set is 
substituted, the feed meanwhile being self-acting. As soon 
as the cut is over, the table is withdrawn by hand by means 
of the screw, and revolved one-sixth by the locking handle. 
The work is then advanced to the tools by hand, and the 
self-acting feed put in gear. 

The time thus occupied in slotting a group of nuts is 
virtually that required to plane one side of them, plus the 
time of turning the table once. But as there is no stopping 
to change the work, the average time required for the six 
sides will be less than one-sixth that required by a single. 
headed shaping machine, or less. than one-third that of a 
double-tooled slotting machine. 

Thus, for example, to slot one gross of gin. nuts, four 
being placed on each mandrel, the tool averaging 18 ft. per 
minute, with z in. advance, and allowing half a minute for 
each time the table is drawn back, the time required will be 
three-quarters of an hour, or to slot one gross of 1 in. nuts 
under 1} hours. The machine illustrated will cut 4 in. 
deep, and slot up to 1$in. nuts. Altogether, both the 
machines we have described have been carefully designed 
for their respective purposes, and they have been found to 
turn out most excellent work. They were constructed, we 
may add, from Mr. Hartnell’s designs, by Messrs. Embleton, 
Mackenzie, and Walton, of Leeds. 


THE LATE MR. HENRY DUBS. 

In the death of Mr. Henry Diibs, of the Glasgow Loco- 
motive Works, an event which was announced in a brief para- 
graph in last week's issue of this journal, the engineering 
world has lost one who, although himself a German, had 
become most intimately concerned in the development of the 
locomotive engineering trade of this country, Mr. Diibs was 
born near Darmstadt, and belonged to a well-known farm- 
ing family. During a portion of his early life he resided 
at Mayence, and his connexion with locomotive engineer- 
ing began in Germany ; but he was settled for a time in his 
early manhood in Glasgow, being employed at the Albyn 
Foundry, Hutchesontown. About thirty-five years ago he 
became the manager of Tayleur’s Vulean Foundry (now 
Vulcan Foundry Company, Limited), at Newton-le- Willows, 
Lancashire. For a year or so, 1857-1858, Mr. Diibs was 
also connected with the establishment of Messrs. Beyer, 
Peacock, and Co., Gorton, Manchester. At the end of the 

ar 1858, he returned to Glasgow to become the partner of 

r. Walter Montgomerie Neilson, in the locomotive works in 
Hyde Park-street. In conjunction with that gentleman, 
Mr. Diibs, in 1860, ed and laid out the works which 
the firm of Neilson and Co. had determined on building at 
Springburn, exclusively for the manufacture of locomotives. 
It will thus be seen that he had for many years been con- 
nected with engine-factories of the first order either in de- 
signing or management, or both. 

With the assistance of one or two Glasgow capitalists, 
Mr. Diibs established the firm of Diibs and Co. in the 
year 1868, for the purpose of erecting in Glasgow a loco- 
motive engine factory which should be second to none, 
either at home or abroad, for its facilities for carrying on a 
large trade in that particular branch of mechanical engi- 
neering to which it was devoted. The works were erected 
at Little Govan, in the south-eastern suburbs of Glasgow, 
but although the technical operations of the firm began in 
the month of November, 1863, the ground forming the site 
of the works was not broken till the April following. 

Messrs. Diibs and Co.'s first engiue left the works on 
ist of May, 1865; and by the month of ‘November, 1867, 
the firm had sent out 200 locomotives. Ever since th 
were started the works have been almost constantly in full 
swing, turning out finished work at the rate of 100 engines 
per annum, or practically two per week. Last year the 
firm sent out 109 locomotive engines, valued at about 
250,000/. The works were entirely planned by Mr. Dubs 
himself, and were practically complete. at first, no material 
alteration or extension having since been required. The works 
eontain many special tools designed by Mr. Libs himself, for 
he was certainly a clever machinist ; and he was thoroughly 
at home in appropriating good suggestive >deas that were 

in engineering minds, and in utilising them in his 
own 1 operations. . He studied the wants of railway 
engineers, and had the happy knack of adapting them so as 
to make them assume a hly practical shape. Never 
dogmatic in his opinions, Mr. Diibs at once gave way when 
he had a better method or plan than his own suggested to 
him. Though of a kind, gentle, modest, and retiring disposition 
—almost to a fault—he was a most successful organiser of 
men ; indeed, his whole career points to -his special ability 
for managing workmen. In Mr. Diibs every one of his 





servants, from the confidential manager-in-chief to the 


workmen and systematising work to be done, Mr. Diibs 
was induced some time ago to become the wre gp 
rector of the large works of the Steel Company of Scot- 
land, near Cambuslang, a few miles to the east of Glasgow, 
a duty the anxieties of which doubtless assisted to wear 
him out during the last year or two. In addition to those 
anxieties there was the fact that a number of his most in- 
timate professional friends passed to the grave within the 
last twelve months, and left him a constant mourner. 

Mr. Diibs has left a widow and family of four sons and 
four daughters. One of the latter is married, and two of 
the former—Henry and Charles—have for some time been 
officially and responsibly connected with the works, and 
bid fair to emulate their father in many of his excellences 
of character and professional ability. 


DOUBLE-SCREW TUG-BOATS. 
To THe EprTor oF ENGINEERING. : 

Srr,—I did not expect to have had to trouble you with 
any further explanations regarding my double-screw tug- 
steamers, but the letters of your correspondents ‘‘ Clutha’’ 
and “ M. E’” in your last issue appear to call for some 
additional remarks on the design of these boats. Referring 
to the letter of “‘ Clutha,” I have to say that the ferry-boat 
for the harbour of Glasgow mentioned in my last letter was 
not built from the designs of the late Mr. ew Duncan, 
then i to the Clyde Trustees. Whatever may be 
the merits or demerits of that craft, my firm was entirely 

nsible for both its design and construction. 

he first propelling machinery in the boat referred to 
was wholly contained within the hull, owing to a condition 
then imposed by the Clyde Trustees that the e ing in- 
struments were not to project outside the hull, they being 
apprehensive that any gear revolving outside would often 

entangled with ropes or floating material. But for this 
restriction I believe that a screw outside at each end would 
have been applied at first. The plan actually adopted was 
the. placing of two screws of peculiar construction on a 
horizontal shaft which revolved in a tunnel in free com- 
munication with the water, the tunnel extending from end 
to end of the vessel. The action of the screws was to draw 
the water in at the one end and discharge it at the other, 
the discharge end being the stern for the time being. 

As this internal system of propulsion was found, after 
several trials, not sufficiently successful, the percentage of 
loss of effect being far too t, Mr. Duncan, as the 
representative of the Clyde Trustees, mentioned to the 
writer that we might usea screw at each end carried outside 
the hull. This we were very glad to do, and immediately 
made the necessary alterations by abolishing the tunnel and 
continuing the propeller shaft through each end, using 
small screw propellers outside, of the ordinary form. 
Mr. Duncan’s connexion with this boat, further than being 
present at several trials, on behalf of the Clyde Trustees, 
was limited to a few minutes’ conversation on the subject, 
as I have mentioned, and so far asI can remember, he never 
saw the vessel either with the first or second arrangement 
of propellers until after it was submitted for trial. 
**Clutha” had read my former letter carefully he 
would have noticed that I do not claim as novel the placing 
of two propellers on a continuods shaft in any manner, or 
in any Bind of vessel, and he evidently fails to distinguish 
the difference between a flat dish-like ferry-boat with its pro- 
pellers of 20 in. diameter and the tug-boat forming the 

j tent, as illustrated by you, with its pro- 
on t. in diameter. I limit my claims to the 
lesign of vessels for towing purposes, having the propellers 
and hull as in my specification, all of which I 
consider novel in towing steamers and essential to the 
roduction of screw tug-steamers that will fulfil in a high 
Sagres the vital conditions of oe in first cost and im 
working, combined with handiness great hauling power. 
Your correspondent “ M.E.,” by rather disingenuously 
noting only a part of a sentence of my last letter, en- 
Teerewss to bring me into collision with a plan of Mr. James 
R, Napier’s, as adopted by him in the steamer Lancefield. 
As the case is stated by ‘‘ M. E.,”’ one would be led to sup- 
pose that the Lancefield was a steamer with a propeller at 
each end, and very similar to the tug-boat you illustrated. 
The Lancefield is however an ordinary cargo steamer with 
& screw in the stern only, and not petee to admit a pro- 
peller of a large diameter, but to give immersion to a 
propeller of ordinary proportions. For thi 
screw frame was cnsiad down abruptly jseveral 
the keel, so far as I can remember, the shaft being broug 
as close as possible to the keel. The case is so different 
from that of the screw tugs, that apart from a desire to 
detract if possible from the novelty of the s; of double- 
screw tug steamers which I have adopted, it is difficult to 
discover what has led to your correspondent’s letter. 
Having I trust given sufficient explanations regarding 
these boats, I do not intend to reply to any further corre- 
ence on this subject. I may however beable in course 
time to furnish you with results of experiments in haulage 
which may be of general interest to your readers. 
Glasgow, April 25, 1876. James Howpen. 


CORLISS ENGINES. 
To rue Epriror or ENGINEERING. 


the 

paper upon the engines destined to drive the machinery at 
the International Exhibition of Philadelphia. aw a 
great advocate myself of the Corliss engine, I am p to 
Se a ge pp aay ape ae 

engineer, cipate in ira- 
tion which is shown for his admirable works, which have 
not failed to be amongst the most original for nearly thi 
years. 











I must, however, as a Belgian, claim for my little | i 
and the ir labours 4 


you that the admirable monster upright beam en- 
gine: which you describe is not the most powerful which 

lately been built upon the plans of the celebrated in- 
ventor, The honour of possessing this engine and of 
having’ built it belongs to Belgium, and the builder, M. 
P. Van Den Kerchove, is one of the most renowned in this 
country. The establishment at which I saw this engine 
working, “‘monster masterpiece of the kind,”’ is our cele- 
brated flax and jute yarn-spinning factory, the Société 
de La Lys,of Ghent. 

Here are a few of the principal dimensions which were 
given me when on my visit to this establishment. Dia- 
meter of cylinders 46-in., stroke 10 ft., revolutions per 
minute 32. Power the engines were built to develop with a 

iven expansion and pressure, 2000 indicated horse power. 

h = flywheel is 30 ft. in diameter, and 32in. across the 
face. The rim consists of ten segments with cast-iron teeth 
cut with such accuracy that notwithstanding the enormous 
me of rotation it gives absolutely no noise. This piece, 
the weight of which is 108 tons, is one of the most beautiful 
and most imposing that it is possible to imagine. The 
engine shaftis 21 in. in diameter in the bearings, and 23 in. 
in the centre ; it was manufactured at F. Krupp’s steel works 
at Essen, celebrated throughout the world both for the 
quality of the material manufactured, and the powerful 
means of production. The cranks, connecting rods, &c., 
are also of crucible cast steel, and are splendidly finished. 

The engines are of the same t; as those erected at 
Philadelphia ; they have been working for nearly a year to 
the entire satisfaction of the Société which established 
them, where they are visited every day by numerous 
connoisseurs. The consumption, which was given me by the 
directors of the establishment, is so small that I am almost 
afraid to have committed an error in writing it; if I un- 
derstand aright, it does not exceed 0.800 kilogramme= 
1.763 Ibs. per indicated horse power, with ordinary boilers 
and coal. If further and more detailed information be of 
service to you, I have no doubt the builder or directors of 
the establishment which possess this marvel, would be 
pleased to furnish you with the same, provided these gen- 
tlemen who—must be modest to a degree, since they have 
left you in ignorance of all this—are not too displeased at 
the liberty I have taken without their authorisation in 
publishing their works to the industrial world. 

Iam, Sir, yours amen 
A Constant Reaper, G. 8. 
Ghent, May 3, 1876. 


We thank our correspondent for sending particulars of 
the large engines at the factory of the Société de La Lys, 
and we shall be glad to publish engravings of them to com- 
pare with large engines at Philadelphia.—Eb. E. ] 


STEAM DOMES. 
To THE EprToR oF ENGINEERING. 

S1z,—In reply to Mr. Smith’s letter, it appears to me 
that his two objections to steam domes are the proper ones, 
which ought to occur to every one who considers the subject ; 
pwr Bs denies that steam domes are a source of weak- 
ness, but it is not apparent that this weakness is of such a 
nature as to necessitate altering the domes of existing well 
made boilers. Besides, there is not a part of a boiler 
which is less liable to deterioration and corrosion than a 
dome and the place where it is attached. As regards the 
data it is difficult to see what more could.be done to test 
the importance of the Board of Trade, assertion. that the 
part of the shell covered by the dome acts as a bent stay 
which the pressure of the steam tends to pull into a straight 
line. The experiments on the Manchester Steam Users’ 
Association’s imental boiler can hardly be called a 
fair test, as the flange was single rivetted the shell cut 
away inside as: far as possible. On the whole, I think 
pce sy go stated that where steam domes are 

t contracted neck must be considered the 
Suiteatelialion but that numerous examples of marine 
and locomotive boilers who have served their time well 
wi mes, as also the experiments with the s- 
Etna’s boiler, tend to show that Es 
steam domes is far too ri as ; that, 
usual factor of safety an 
deterioration of these parts, good 
are a sufficient tee agai 
Amsterdam, May 1, 1876. 


STEEL FOR SHIPBUILDING. 
To THE EDITOR OF ENGINEERING, 

Str,—lI have read Mr. Riley’s r on “‘ Steel for Shi 
building as ee the Ro avy,” read before the 
Institution of Naval Archi . I find the tests named 
are not in any way new for steel plates, in fact Mr. 
the works of a well 
in Sheffield before he read his paper on ‘‘ Iron 
and Steel for Shipbuilding,” and had.also specimens of this 
soft and ductile steel p in his possessi 
tenders were afterwards sought for by the Admiralty for 
the su of this material for the Iris and Mercury, it is 
only fair to state that several houses tendered for it, and 
the price alone placed the order with the Landore Com- 
pany. I think Mr. Riley is quite at sea'when he speaks of 
the uncertainties and treacheries of Bessemer steel, because 
he must be aware that silicon in steel is more injurious 
than carbon, provided the carbon does not exceed .4 per 
cent-, and that by the Martin-Siemens there is much more 
difficulty in getting quit of the silicon than by the Besse- 
mer process, on account of the lower temperature of the 
Siemens process. 
It may suit individual parties to talk loudly of the 
pot agg qualities of the steel they make, but it — 





persecution of 
employing the 
with the comparatively ing 
workmanship and mate 
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Davip CRroLt, Jun. 














humblest found in 
Sante Sete oem 
Owing, doubtless, to his great capacity for organising 





country men who their have most 
Hw geet nt geet ion, the honour due to f 
It is to this end I take the liberty of writing you to inform 
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NOTICE TO AMERIOAN SUBSORIBERS. 

We beg to announce that we have a) ited Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &c., 
on application. 








NOTICES OF MEETINGS. 

THE INSTITUTION oF CrviL ENGINEER®.—Tuesday, May 9th. at 
8 p.m. 1. Discussion on “ Facine Work and Reclamation.” 
2. “On the Construction of Railway W: s, With Special 
Reference to Economy of Dead Weight,” by W. R. Browne. Assoc. 
Inst.C.E. 3, “‘ Railway Rolling Stock Capacity.in Relation to the 
Dead Weight of the Vehicles,” by W. A. Adams, Assoc. Inst. C.E. 

INSTITUTION OF SURVEYORS. — Monday. evening, og 8th, 
when a discussion will take place upon the paper read by Mr. W. 
H, Michael, at the last meeting, entitled “ Working of the 
Sanitary Acts in Rural Districts.” The chair to be taken at 8 o'clock. 





MABRIED.—At Sutterton, Lincolnshire, on May 
Henry Stubbs, 0.E., to Anne, eldest daughter of Ma‘ 
Eyre, the Grange, Sutterton, , 


William 
Scott 








CAUTION.—It having come to our knowledge. that a 
person is calling on firms in the North of England and 
soliciting orders for advertisements to appear in a cover 
for ENGINEERING which he asserts leis about to publish 
with our sanction, we beg to state that we have no 
business relations with any such person, and that the 
only covers for ENGINEERING with which we have to do 
are those supplied direct from this Office. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, JAMES DREDGE is 
now at Philadelphia, and that communications relati 
to the International Centennial Exhibition may be 
addressed to him at the Trans-Continental Hotel, at 
that City. 
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THE MERCHANT SHIPPING BILL. 

SINCE we last wrote on this subject the House of 
Commons has devoted two nights to the farther dis- 
cussion of the Merchant Shipping Bill, and con- 
siderable progress has been made; so much so in fact, 
that the Bill may possibly have passed through Com- 
mittee before the following remarks issue from the 
press. The uncertainty of what might happen on the 
evening of theday (Thursday) on which we are writing 
makes its incumbent on us to speak,with some degree 
of reserve; and this is a restraint. that ‘we have 
laboured unde ut-the pregress of this Bill,. 


. r througho 
Owing to the fact ‘that the discussions have for the 





most taken place on Thursday nights, too late 
for ohana in the same week’s number of En- 
GINEERING. 

We have some satisfaction, although a rather 
melancholy one, in recording this week that the 
Government have at last been induced to make a 
concession on the subject of the deck-loading of 
timber ships during the winter months. The con- 
cession unfortunately is more a nt than real, and 
by no means what it ought to have been. Still it is 
a concession. A heavy penalty is to be imposed on 
all ships, both British and foreign, entering our 

orts with deck cargoes of timber more than 3 ft. 
high, The Canadian regulations have been followed, 
so as to make the conditions of loading, under which 
ships are admitted ,into our ports, agree as nearly as 
may be with the conditions under which they are 
able to load in Canadian ports. There are some 
points, however, in the Canadian regulations with 
which we are entirely unable to agree, and the most 
objectionable of those points is embodied in the 
Government clause. 

It is proposed, as intimated. above, that deck 
cargoes of timber shall not come within the scope 
of the penalty unless they are more than 3 ft. above 
the deck. This is a blunder deeply to be regretted. 
The deck of a vessel might easily be lumbered up 
with timber, so as to interfere with the working of a 
ship to a dangerous degree, and yet the load be not 
higher than 3 ft.. In alarge vessel some hundreds of 
tons of timber could be stowed on deck without the 
height exceeding 3 ft. And such a weight of timber, 
bearing as a great deal of it too often does against 
the lee bulwarks, would go far, with the vessel 
rolling about at sea, towards producing a disaster. 
The wood bulwark stanchions in these: old timber 
ships run down through the covering board, and 
they are in point of strength quite unfitted to bear 
the strain often brought on them by deck cargoes 
when the vessel is heeling over under canvas or 
rolling, and the consequence is they get started or 
loosened, and the water pouring in round them finds 
its way into the bilges, and the: vessel in time gets 
water-logged. ‘This danger, and it is one of the 
greatest dangers of deck-loading, will not be obviated 
by the Government clause, because it can happen 
without the deck cargo being anything like 3 it. 
high. We have gone, by the clause in question, 
much farther in favour of deck cargoes than: the 
Canadian Government, ‘They make an exception 
in favour of deals and other light timber, allowing 
them to be 3ft. high: This also was:the pro 
of Sir Charles Adderley on Monday night, but he 
afterwards appears to have accepted an amendment, 
which allowed heavy square timber of all sorts to be 
carried without penalty to this same height of 3 ft, 
above the deck, and. that even across the Atlantic in 
the winter months. 

The Canadian Government, starting some time 
ago with the very best intentions, and determined 
to do something effectual to lessen the horrors of 
the timber trade, endeavoured to prohibit all timber 
deck-loads during the winter months, Local pressure 
was, however, brought to bear on the Marine De- 
partment, and the minister consented to make an 
exception in favour of deals, an exception which 
never ought to have been allowed. But when it is 
remembered that Canada is the exporting country, 
and has the greatest interest of any country in keep- 
ing the timber trade free from restrictions, the 
wonder is that her public men were able to do so 
much as they did do in checking deck-loading ; and 
we should not be too hard upon them, even if they 
were eventually drawn from the straight course into 

ing some concession to the pressure brought to 
bear on them by shipowners and timber mer 

Our Government, however, although backed as 
they are by public opinion, have just thrown away a 
most favourable opportunity for strengthening the 
hands of the Dominion Government in this matter. 
They might well have refused to recognise this ill- 
advised exception in favour vf deals, and made all 
timber deck-loads during the winter months subject 
to penalty. Instead of doing so, they countenanced 
the exemption, and even extended it. to the case of 
all timber, so long as the deck-load does not exceed 
3 ft. high. 

The difference between the attitudes of the two 
Governments on this question is painfully suggestive, 
The Canadian Government in its desire to save 
human life at sea, and in spite of its natural desire 
to foster and encourage the export trade of the vast 
stores of Canadian timber, has taken the initiative in 
imposing restrictions to deck-loading, and is only 
prevented from rendering them complete and effec- 


ts. | This 


tive by the weight of local pressure and, of vested 
interests. 


On the other hand our own Government, without 
such strong and direct inducement to encourage the 
timber trade, and in spite of British public opinion, 
refuses to assist in rendering the Canadian restric- 
tions complete and effective, and actually weakens: 
the hands of the Canadian. Government: by stopping 
short of their present regulations, And this for no 
earthly reason that can be assigned, or at any rate 
that has been assigned, but merely from an obstinate 
policy—and’ as blind as it is obstinate—to do 
nothing in such matters if ible, and when that 
fails: to do as little as possible, 

Had prohibition been resorted to it would be easy 
to understand the need for some exception in favour 
of limited quantities of timber more or less éfficiently 
secured on deck, but even then the idea of coun- 
tenancing the deck being covered with timber 3 ft. 
high would have appeared monstrous. It is still 
worse when it is merely proposed that deck-loading 
should be checked by ‘penalties, to allow such a 
margin as 3 ft. high before the penalty for deck. 
loading commences to count, y as it is only 
on the contents of cargo stowed above this height 
that the penalty is to be charged, Moreover, as the 
penalty is to be §/. for every 100 cubic feet of 
timber stowed above that height on deck, we cannot 
help thinking it is a grave error to limit the penalty 
to a maximum of 100/. We should rather say the 
justice of the case. would be better met by making 
the penalty become higher per 100 cubic feet. the 
greater the quantity of timber stowed on deck. 

The unsoundness of the present clause will be 
illustrated by the following example : 

A moderate sized sailing ship might be taken to 
have a deck area of from 4000 to 5000 square feet. 
If this area, or, say, the greater part of it. were 
covered with logs and deals to the height of 3 ft. 
above the deck, there would be from 12,000 to 
15,000 cubic feet. of timber, and at least from 150 to 
200 tons weight on deck, None of this would be liable 
to any penalty—even during winter months! For 
timber above this the clause would inflict a penalty 
of 5i. per 100 cubic feet, up to 100/,, or; in other 
words, the penalty would go on increasing over the 
first 2000 cubic feet stowed higher that 3 ft., and 
after that it would cease to increase. Spreading 
this 2000 cubic feet over thesame area as the former 
timber, it will be seen to comprise a layer of only 
about 6 in. thick. 

We are thus led to the following curious result 
of the application of the Government clause: ‘A 
ship crossing the Atlantic during the winter months 
for an English port might have her deck completely 
covered with timber to a height of 3 ft. without in- 
curring a papeonne whatever. For every inch 
height of -load between 3 ft. and 3 ft. 6in. the 
owner would have to pay about 17/. (or 100/. for 
6in.), and beyond 3 ft. 6in. he may load as much 
as he likes without incurring any further penalty, 

It may be contended that the ship’s deck would 
not ordinarily be covered with timber cargo as we 
have supposed. But this only makes the application 
of the clause worse still, It would either encourage 
lumbering up the whole deck for the purpose of 
keeping the timber within the 3 {t, height, or it 
erm lead pa Cane being frimmadt down ar 

e purpose of evading the penalty when the yesse 

ts near a British or as the phrase is, ‘‘ within 

ritish jurisdiction.” So much for the Govern- 
ment concession as to deck-loading, We now 
come to the long-promised clause for dealing 
with foreign ships, which was brought up on 
Monday last, and was: read a second time, 
is clause is to the effect that when a foreign 
ship loading in a British port is deemed to 
be unseaworthy by reason of being overladen, she 
may be detained as if she were a British ship; but 
instead of the provisions of Section 5 relating to 
Courts of Survey being applies, it is proposed that 
‘‘a. copy of the order for the provisional detention 
of the ship shall be forthwith served on the consular 
officer for the State to which the ship belongs at or 
nearest to the place where the ship is detained,” 
and it is further provided that mS the owner or 
master of the ship is dissatisfied with the order for 
proviswona! detention, the consular officer may, on 
is request, and at any time within 24 hours after 
the service of the order on the master, appoint some 


competent person to survey the ship, and if on 
survey that person decides the ship ought to be 
released, she shall be released ‘‘aocordingly.” 





This is perhaps ag far as we can at present venture 
to go in interference with foreign ships, It is, how- 









368 





ENGINEERING. 


[May 5, 1876, 





ever, much to be desired that the Government 
should use its best endeavours to bring about treaties 


with foreign countries for the treatment 
of merchant vessels in their ive ports. 

On the question of the load-line the members of 
the House expended most of their in discuss- 


strength 5 

ing whether “ Billyboys” should be marked with a 
load-line or not; and the main question involved, 
viz., whether the Government should exercise some 
control over the load-line marks to prevent their 
being placed on any ship in such a position as mani- 
festly to indicate unsafety, was settled after a very 
short and empty discussion indeed in favour of the 
unfettered owner’s load-line proposed in the Govern- 
ment Bill, and against the proposal of Mr, Plimsoll 
to place it under control. 

t+ is simply marvellous that the House of 
Commons could have been induced to re-enact the 
absurd clauses contained in the temporary Bill of 
last year relating to the owner's load-line. The 
wonder is that no member has yet managed to 
convey to the House that sense of the ludicrous with 
which the owner’s “ disc” is regarded among shipping 
people. Shipowners understand the humour of the 
thing well enough. It is really the neatest cloak for 
overloading ever invented. Sir Charles Adderley 

t up and gravely told the House that he is in- 
aol the clause has already, in the six months it 
has been in operation, led to lighter —s and 
been found practically useful. And the House, 
believing him, passed it once more, 

We have shown so clearly on former occasions that 
the only effect the owner’s load-line can produce, is 
to create a tendency towards deep loading, that we 
need not again go over the ground. We believe, as 
the result of extensive observation and inquiry, that 
Sir C. Adderley is quite misinformed regarding the 
o tion of the clause in question, and we are con- 
vinced that it would be better in the interest of fair 
loading to obliterate the load-line marks entirely, 
and trust to records of the draught of water than to 
continue the marks as they are at present; beacons 
tempting owners and masters to overload, and 
cnnbhoms carried to all parts of the world of the 
ignorance at present prevailing in the British House 
of Commons on matters relating to the commercial 
marine of the country. 

Judging from the work that has already been 
done, and without forecasting what may transpire 
on Thursday night, it may be asserted with perfect 
confidence that out of the four chief points on 
which legislation was e , three have made 
no progress at all this session, and the fourth is left 
in an unsatisfactory condition. On the subject of 
deck-loads, the very minimum the Government could 
get off with doing has been done, and it can by no 
means be ted as a settlement of the question. 
The subject of grain cargoes has been left as it was 
last year. The load-line question in the same way 
is left open. And on the most important question 
of all, that of{ compulsory survey, the Govern- 
ment is committed to a policy eminently unsatis- 
factory, and will only improve it if compelled to do 
so by the good sense of the House when the motion 
of Mr. D. J. Jenkins, the member for Falmouth, 
again comes up for discussion. 


THE TRADE MARKS JOURNAL. 

Many inquiries have been made during the last two 
or three months as to the date at which the official 
organ of the Registrar of Trade Marks would appear. 
We have at length to announce that the publication 
of the Trade Marks Journal commenced on the 3rd 
instant. The price is one shilling, and having regard 
to the manner in which the ter (who modestly 
conceals his jname) has done work it cannot be 
regarded as a dear publication. The first number 
contains, in a tabular form, engravings of 144 marks, 
together with the name, address, and calling of the 
applicant, the class and particular description of 
goods to which the mark is applied, the number 
and date of the application, and the length of time 
during which the mark has been in use. We have 
much pleasure in pointing out the mechanical ex- 
cellence of the Journal, which has been brought out 
re ess of expense, because that is the only 
feature of the work which we are able to praise, 
for the arrangement is about as bad as it could be. 
Itis obvious that two different modes of arrange- 
ment might have been adopted, and the marks 
ight either have followed in strictly numerical 
r, or they might have been published in classes, 
each class being of course in numerical order. 
Neither of these plans has been followed, as the list 
commences with No, 93, dated January 3, followed 





by No. 60, dated January 1. Then we have No. 93 
again, a inept ae tin fen 3, and 
soon, Some very juxtapositions occur, and 
we find a mark for —— machinery (Class 29), 
dated January 1, next one for blacking (Class 50), 
dated February 8. No. 1334 immediately precedes 
No. 40, and a little further on the latter number, 
applied in this case to ivory goods, follows No. 484, 
which ap ins to confectionery. Each number 
of the Journal ought to be provided with an index 
of names. 

We make these remarks with very considerable 
regret, the more so because, as we have stated 
above, considerations of ‘‘ economy” have not been 
allowed to interfere with the production of a very 
creditable periodical from a typographical point of 
view. The present number contains, as we have 
already said, 144 marks, and as the publication is to 
be weekly only, it is obvious that at the present 
rate it will take a very long while before all the 
existing marks (said to be about 10,000 in number) 
are published. 

e recognise several old friends amongst the 
marks. Messrs. Bass occupy an entire page with 
varieties of their well-known labels. The triangle 
appears to have been in use twenty years and more. 
The two oldest marks are those of McCabe, the 
chronometer maker, and Salmon, Ody, and Co., truss 
makers, both of these having been before the public 
for seventy years. We observe with some surprise 
that there is not a single mark for textiles, and the 
only example in the large class of cutlery is Périn’s 
well-known band saw. On the other hand, the 
General Furnishing Company invite us to ‘‘ Furnish 
on the New Hire System” in six different places, 
and Colman’s bull’s head looks lazily at us out of 
three separate pages. 

Although the Rules are not absolutely clear upon 
the point, we believe we are correct in saying that 
notice of opposition to the registration of a mark 
may be entered at any time within ‘‘ three months 
from the date of the first appearance of the ad- 
vertisement in the official paper.” The notice of 
opposition, written in duplicate on foolscap paper 
and accompanied by a fee of 2/., must contain a 
statement of or of opposition, One copy 
of this notice will be sent by the Registrar to the 
applicant, who will be allowed three weeks for pre- 
paring his counter -statement of the grounds on 
which he relies for his application. The opponent 
will then have to give security for costs. Interested 
parties will do well to refer to Sections 14, 15 of 
the Rules issued by the Registrar under the Trade 
Marks Act, 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue Institution of Mechanical Engineers com. 
menced their two days’ ‘‘May Meeting” on Wed- 
nesday, in the theatre of the Institution of Civil 
Engineers. The President, Mr. Thomas Hawksley, 
was in the chair, and after the preliminary business 
had been disposed of—(the most interesting item in 
which was an intimation from the Council that they 
intended to take steps in the direction of the trans- 
ference of their head-quarters from Birmingham to 
London next year)—a paper by Mr. Lavington E, 
Fletcher of Manchester, ‘‘On the Construction, 
Equipment, and Setting of the Lancashire Boiler,” was 
read. Of this paper we print the first portion on 





page 370. Itis adetailed description of the form and 
ttings of the Lancashire boiler, which the writer's 
experience has led him to think most satisfactory, and 
contains a number of references to the bursting ex- 
periments recently carried on under Mr. Fletcher’s 
superintendence, and described by us a few weeks 
since* and a number of the torn plates and fractured 
cast-iron necks were exhibited in the room. A vote 
of thanks for the paper having been given to Mr, 
Fletcher, he took the y sate A of adding a few 
remarks to it before the discussion comuneneet. Re- 
ferring to the two longitudinal stays shown in his 
diagrams (and shown also in our Fig. 1, p. 236 anée), 
he said that they were removed from his test boiler 
and the tests carried on without them, without any bad 
effects being shown. He had known more than one 
case in which leakage in the furnace, due to excessive 
hogging, had been prevented by the removal or 
shatonth of these stays, which he considered were 
apt to do by making the boiler ends too rigid. 

e then alluded to the importance of placing each 
safety valve 7 goose! and directly upon its own 
boiler instead of upon a steam junction pipe, as was 








* See Enarngurine, March 24, 1876, p. 235. 





sometimes done. In the latter case the opening of the 
pipe into the boiler might be plugged during repai 
and the plug carelessly left in, while in spite of this 
the safety valve might blow off with steam from 
the other boilers, and give a notion of apparent 
security. More than one accident had enema tenes 
this cause, There was a —— notion that the 
junction pipes connecting each of a series of boilers 
with a main steam pipe should be so placed as to 
drain back into the boilers to which they belonged. 
This was really a mistake, for it was by this means 
made inevitable that if a boiler were not at work 
its junction pipe should fill with water, and on 
opening its stop valve again after steam had been 
got up in it, this water would be driven forward 
violently and several serious accidents had resulted 
from this. 

Mr. Fletcher added that the intensity of the stress 
between the rivet holes of his experimental boiler at 
its bursting pressure (310 lb. square inch) was 
19.9 tons per square inch. He was having tests of 
the plate made, but did not think its tenacity 
would greatly exceed 20 tons, so that the metal be- 
tween the rivet holes did not seem to have been 
materially injured by the punching. 

The discussion which followed Mr. Fletcher’s re- 
marks lasted over two hours, and was one of the 
most interesting which we have heard at the meet- 
ings of the Institution. It was opened by Mr. 
Cowper, who urged the necessity of gauge cocks as 
well as glasses, the former not having been men- 
tioned in the paper. He also advocated the pro- 
vision of a vacuum valve to prevent a vacuum being 
formed within the boiler when steam was down, 
such a vacuum leading to the boiler becoming filled 
with water in the event{of the feed valve being left 
open and —. a communication to a tank, 

. Cowper had pre two diagrams showing the 
way in which he arranged steam domes, and he stated 
that he considered the use of these domes to be often 
very advantageous and unattended with such serious 
drawbacks as Mr. Fletcher mapene Mr. Cowper 
perforates the shell plate under the dome with a 
number of small holes, and strengthens it by carry- 
ing a horizontal stay plate (also perforated) across 
underneath it from side to side of the shell. 

Mr, Adamson drew attention to the fact that in 
all the samples of burst shells exhibited, the fractures 
had occurred through the plate straight along the 
seam, which pointed clearly to the conclusion that 
the proportions of the joints had not been well 
chosen, for they were obviously weaker along the 
plate than anywhere else. He regretted that these 
joints had not been better proportioned, either by 
calculation or by 9 so as to show more 
——— the best that the boiler was capable of ; 
and he added that, in his opinion, the first proceed- 
ing in organising such a series of trials should 
have been to ascertain the relative resistances of 
the plates and rivet iron, which it was proposed 
to use in the experimental boiler, and then to have 
proportioned the joints accordingly. His own ex- 
perience was that good rivet iron almost always pos- 
sessed a resistance to shearing in excess of the tensile 
strength of plates, and that hence in proportioning 
a rivetted joint the net area of the plate between the 
rivet holes should be somewhat in excess of the 
sectional area of the rivets. He also regretted that 
punched holes had been imen on rather 
than drilled ones, The former had no real advan- 
tages to compensate for their drawbacks. The 
countersunk hole made by the punch did not add 
to the resistance of the rivet to shearing, and 
diminished the net section of the plate, while 
in a seam made with punched holes it was es | 
impossible to make use of the resistance of all 
or nearly all the rivets at once, for they never all 
took a owen simultaneously. He thought, also, 
that it was a mistake to use only ron db pany 
transverse joints, and that the longitudinal stays, 
if not absolutely necessary, were certainly of great 
advantage in many cases, and prevented the strain- 
ing of the rivets. In his own work he used drilled 
holes exclusively, and made them with such accuracy 
that he could rely upon them all bearing at once, 
and so consid it safe to estimate the resistance 
to shearing at 24 tons per square inch. Speaking 
of the historical aspect of the matter under notice, 
Mr. Adamson remarked that the construction of 
boiler described by Mr. Fletcher was identical with 
that he (Mr. Adamson) had made upwards of twenty 

ears ago, and he quoted some facts the part 
e had taken in the system of b " 

now adopted in the best practice. He did not 
altogether share Mr. Fletcher's distrust of cast- 




















May 5, 1876.) 


ENGINEERING. 


369 





iron necks and mouthpieces, which he employed 

continually for boilers which were worked at moderate 
ressures, and hethought that they might legitimately 

be used a pressures of 60 Ib. per square inch, 

Mr. B. Walker thought that the cast-iron mount- 
ings exhibited must have failed either through the 
use of inferior metal, or in consequence of defective 
fastening to the shell, and he expressed a strong 
opinion in favour of the employment of drilled in 

reference to punchéd holes for boiler work. 

. Olrick said that for boilers intended to 
work as high as 75 lb. per square inch, he thought 
harm rather than good was done by the use of 
an hydraulic test of more than 50 per cent. in 
excess of the working pressure. He advised always 
the use of longitudinal through stays, but in such a 
way that their tenacity might only be utilised 
after some strain had occurred in the gussets. This 
could be easily arranged by screwing the inner nuts 
of the long stays hard up against the ends of the 
shell first, so as to throw the slightly into 
tension, and then tightening the external nuts. 
One matter which had given a good deal of trouble 
in connexion with horizontal, especially Cornish, 
boilers was the arrangement of the front mudhole. 
For this p he used a pocket made of a piece 
of Lowmoor iron, bent into shape, and placed under 
the boiler close to the front plate, which it joined, 
This not only allowed the use of a large mudhole, 
with access to the bottom of the shell along its 
whole length, but also served asa sediment collector, 
so that it was a most advantageous ition for the 
blow-off cock. He was sorry that Mr. Fletcher had, 
although only incidentally, appeared to sanction the 
practice of speaking of a boiler developing a certain 
‘tindicated horse power,” which was not onlyincorrect 
in theory, but gave rise to considerable practical 
inconvenience, 

Mr. Jeremiah Head thought that hardly sufficient 
credit had yet been given to Mr. Fletcher for the 
care with which he had conducted his iments, 
and for the value of many of the results obtained. 
It a to him somewhat questionable, however, 
whether these did not prove somewhat more than Mr, 
Fletcher thought, namely, whether the various diffi- 
culties and dangers connected with the use of the Lan- 
cashire boiler were not sufficiently great to make us 
try to find some better for common use. Such a 
form, he thought, might be found in the vertical 
boiler, if only it were properly designed ; he had had 
many under his care, and found them to give most 
excellent results. The boilers at his works were 
me cylindrical boilers, traversed from end to end 

y a single central flue intersected by cross tubes, 
These boilers were fired by the waste heat from 
furnaces, but the type could readily be modified so 
that the boilers might be fired in the ordinary way. 
Mr. Head then proceeded to describe a boiler 5 ft. 
7 in. in diameter, and 20 ft. high, having an internal 
firebox 5 ft. in diameter at the bottom, diminishing 
into a flue 2 ft. 9 in. in diameter carried right up to 
the top of the shell. In the furnace and flue there are 
15 cross tubes, from 9 in. to 7 in. in diameter. The 
average water level is 5 ft. from the top of the 
boiler, The boiler with mountings, &c., complete 
weighs 8 tons, and costs (including wrought-iron 
chimney lined with firebrick) 3277. During a day’s 
experiment he found the evaporation to average 
9.33 lb. of water per pound of (somewhat inferior) 
coal, which was burnt at the rate of 101b, per 
square foot of grate per hour. Such a boiler, he 
thought, possessed many advantages; it effected 
great saving in space, in roofing, in seating, and in 
the cost of chimney ; the stresses due to expansion, 
&c,, were much more uniform than in the Lancashire 
boiler ; its whole interior was easily accessible ; its 
shell could be made with the strongest form of butt 
joints; its water level could vary very greatly 
without harm ; while from these reasons also there 
was but little danger of explosion from it. He had 
succeeded in killing the flame altogether before it 
reached the top of the boiler, so that there was no 
risk of overheating the upper plates of theflue. The 
adherence to the old two-flued horizontal boiler was 
in some respects rather a mere fashion than the 
result of a scientifically reasoned out judgment in 
its favour. 

After a few remarks from Mr. Cochrane, Mr. 


Hall pointed out that in the arrangement of double 
rivetting used in the experimental boiler con- 
stru by Mr. Fletcher, the area between the 


rivets taken zig-zag was 16 per cent. in excess 
of the net area straight across the one line of 


rivets, so that the joints were by no means 
of the most desirable form, Mr, Welch thought it 








should be remembered that the modern arrange- 
ments for punching plates, especially where an 
automatic dividing table was used, were greatly 


superior to those employed at the time when many 
of the best known experiments on punched plates 
were made, still of course the latter could never be 
made as good as plates with drilled holes. Some of 
Mr. Kirkaldy’s latest tests had given the following 
results (the comparison is made between plates 
similar in every respect mee that the one has 

















been punched and the other drilled) : 
eer. Punched. | Drilled 
Holes. | Holes. 
Reduction of strength of net section cent. ‘per cent 
aon = compared with yr a 
equal area of solid plate... och... an 0.0 
Elongation of holes at rupture Ug : 
Ultimate tenacity along fibre... ...| 28,292 | 27,982 
pas es across fibre «| 22,063 | 25,600 
In reference to the mode of calculating the re- 
sistance of flues to collapsing, Mr. Welch pointed 


out that the formula now used by the Board of 
Trade was by no means the same as that deduced 
by Fairbairn from his experiments, and also that in 
the latter a most important point has been, unfortu- 
nately, left very vague, the distance, namely, which 
is to be taken for the “‘ length” of a flue strengthened 
by ring flanges or otherwise, 

Mr, Armstrong brought the discussion back to 
the steam-dome question by urging that in many 
cases its use was absolutely necessary on account of 
priming, which the internal steam pipe was not 
sufficient to prevent. The vertical boilers, also, 
gave great trouble in this respect. Mr. John 
Robinson strongly corroborated this, his general ex- 
perience of vertical boilers had been anything but 
satisfactory. He had never known the heat ab- 
sorbed before the flame reached the top of the 
boiler, as in the case mentioned by Mr. Head, but 
had had so much trouble with his vertical boilers, 
from this and other causes, that he had given them 
up in favour of horizontal ones. Mr, Thornycroft 

inted out how much less of the surface was 
utilised for heating purposes in the vertical than in 
the horizontal boiler, and also how much smaller in 
comparison its water surface was; both these 
furnished strong arguments against it. 

Mr, Arthur Paget thought that the discussion 
had brought out at least one thing very strongly, 
that we do not know yet how to make the best 
rivetted joint, and he very sensibly suggested 
that the whole matter was one which might 
very well be taken up by the. Institution, if the 
Council saw their way to arranging for an ex- 
haustive investigation of it, a suggestion which was 
favourably spoken of by a om ep ey Mr, 
Platt thought that some tendency shown itself 
to compare Jad punched-hole rivetting with good 
drilled work. No doubt the drilled work was the 
better, but the question resolved itself into a financial 
one: do boiler owners get additional advantages 
from drilled work equivalent to its additional cost? 

In reference to Mr. Welch’s remarks about the 
Board of Trade, Mr. Bowers said further that their 
system of calculation left the question of the length 
of the furnace quite undefined, and was in point of 
fact cehestediy dehectives The Board of Trade in- 
spection, in general, did more harm than good; 
under it he had now to use 1}-in. plates for a boiler 
14ft. in diameter; he had even used 1, in., and 
thought he would soon be compelled to use shell 
plates of 1g in. thick under the same authorities. 

The discussion of which we have here given an 
outline lasted so long that Mr. Fletcher said only a 
few:words in replying. as args « that the vertical 
boiler possessed certain manifest advantages over the 
horizontal, especially for the use in the heart of cities 
where land is valuable, he yet thought it to bea 
most undesirable form of steam generator. Far from 
being exceptionally safe, vertical boilers had been 
the cause of many serious accidents. The most active 
cause of these was probably the rapid formation of 
steam on the surface of the vertical flue, which 
would keep that flue enveloped in a film of steam, 
a condition but too favourable to overheating and 
gradual softening. He still thought longitudinal 
stays unnecessary, and pointed out how very much 
stronger the circumferential joints are, of them- 
selves, than the longitudinal ones. He feared that 
Mr. Cowper’s plan would not get overall the diffi- 
culties about the dome. The weakness of its base 
was still free to make itself felt, and the’ whole was 


-}sunk in the chalk in 





in danger of being blown away bodily. In the ab- 
sence of more complete experiments he thought the 
present partial ones were ample justification for con- 
tinuing the of calculation of boiler shells 
which he has for a long time ad , viz., making 
the factor of safety 4, and calculating each joint 
separately, not making any allowance for ing 
joint, &c., as hasbeen commonly done in a some- 
what uncertain way. 

The meeting adjourned at the close of the discus- 
sion, our own remarks upon which space compels us 
to defer for the present. Mr. Anderson’s description 
of the Ogi paper mill (Japan), was med until 
yesterday CPicraaay), or which day also two other 
papers were put one on the yield of wells 
the central portion of the 
London basin, by Mr. Edward Easton, and the 
other being some supplementary notes on the early 
mo of railway gauge, communicated through the 

resident. 
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TO PHILADELPHIA. 
rdvecnamap an a Ses gi 20, 1876. 

THE Atlantic steamer west -bound from 
Liverpool to Philadelphia has before it, after leav- 
ing Cape Clear, an ocean run of 2803 miles, before 
Cape Henlopen, at the mouthjof the Delaware, is 
reached. A few hours before this point is sighted, 
the light of ergs ow is passed, about eight miles 
from the vessel, which then takes a more southerly 
course, and ski in comparatively shallow 
water, the low-lying sea front of New Jersey. 
Between Barnegat and the entrance to the Dela- 
ware several more lights are passed, and at night 
the lights from the little towns and watering-places 
such as Atlantic City are clearly seen, At only a 
short distance from Cape Henlopen, a pilot is 
taken up, competition in this work not running 
high as it does in New York, where boats with a 
dozen pilots or more on board, run out to sea four 
or five hundred miles, and cruise about for ap- 
proaching ships, each of which as it comes is bound 
to take a pilot until the whole force is exhausted, 
and the boat returns to New York to receive its 
complement and start again. ™ 

But the duties of the Delaware pilots only com- 
mence when the steamer’s head is turned to the 
narrow entrance between Cape May and Cape 
Henlopen, and it lasts of course until the vessel is 
docked in its berth at Philadelphia. From the 
entrance of Delaware Bay to the wharf is about 180 
miles, and this distance is traversed preferably in 
the day, so that vessels arriving in the afternoon 
lie-to till next morning before they proceed. The 
course is rather a difficult one, owing to the constant 
shifting of the channels, and delays are not in- 
Soar from grounding in the soft muddy and 
sandy bottom. As the vessel advances up the 
rapidly contracting river, the view on the one side 
becomes interesting, on the other it remains per- 
fectly monotonous. On the right hand is the river 
shore of New Jersey, as flat and sandy as the front 
it presents to the Atlantic. On the other side is the 
State of Delaware, famous for its growth of hes, 
and, although flat also, it is highly cultivated, while 
towns of no small importance are situated at intervals 
along the bank of the river—Newcastle, Wilming- 
ton, Chester, and others. A new Government dock- 
yard, and some old Government monitors are passed 
successively, with colleges, institutions, and factories 

wing more numerous as the ship approaches its 
estination, As in New York, there is water 
alongside the quays for the large ocean steamers, 
and the rise and fall of tide varies only from 4 ft. to 
6 ft. Custom House tions and inspections 
are oppressively disagreeable here, as at every other 
rt of the United States, the gross abuses of the 

w, which increased from year to year, having 
rendered fresh restrictions absolutely n . 
To such a height had these abuses grown that it 
had become a common custom for families to travel 
for the summer in Europe, and make the journey 
profitable by the sale on their return of articles 
which they passed through the Custom House 
as personal effects. Now all this is changed, and 
ly ny Ru America has to stinger ty utmost 
consideration or extravagantly hi uties, 

A few words ye Oe here be said about the 
American line of steamers, running weekly each 
way between Liverpool and Philadelphia, startin 
westward every Wednesday and eastward on 
Thursday. This line has now been in operation 
for nearly three years with great success. At pre- 
sent the company own only four American-built 
vesselsa—the Ohio, Pennsylvania, Indiana, and 
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Illinois—the remainder being chartered ships, which, 
however, will soon be nS by some new 
steamers not yet completed. These latter, like 
the four now running, are being built by Messrs. 
Ch. H. Cramp and Sons, of Philadelphia. ‘They will 
be 450 ft. in length and 45 ft. beam. Those now 
at work are 360 ft. long and 43 ft. beam, 3000 tons 
measurement, and driven by engines of 660 nominal 
horse power, and working up to 2000 horses. The 
engines are compound with a high-pressure cylinder 
57 in. in diameter, and a low-pressure cylinder of 
90 in. in diameter; the length of stroke is 48 in. 
The steam pressure in the boilers is 65 Ib. The 
normal sonal is 60 revolutions per minute, and the 
screw, which is fitted with adjustable blades, is 24 ft. 
in diameter and 17 ft. 6 in. pitch. Engravings of 
these engines will be published shortly in ENGtNEER- 
ING, as well as illustrations of various special de- 
tails in the arrangement and construction of the 
vessels, It should be remarked here that the 
latter are remarkably dry in heavy weather, and 
that they are fitted up with every attention to the 
comfort and safety of the passengers. In addition 
to the boats, of which there are ten to each vessel, a 
similar number of rafts are provided, each capable 
of sustaining in the water 60 persons. These rafts 
consist éach of two sheet-iron cylinders with — 
ends, and connected strongly together by a framing 
carrying seats and lockers for stores, oars, &c, 
Both sides of the rafts are alike, that is the seats, 
&e., are duplicated, so that it is immaterial which 
side the enters the water. These structures 
are open to the objection that the thin sheet‘iron 
of which thé cylinders are formed, may be very 
easily crushed or otherwise damaged, when being 
thrown over in a heavy sea and all the confusion 
of sudden emergency ; but this objection would be 
removed by clothing the cylinders in cork or some 
Similar material. ‘The rafts on this system now 
being made are thus protected. 

As an illustration of the steady and uniform 
running of the four best vessels upon tbis line, the 
following results are given, the times being in each 
case the averages of 18 es, forming the work 
of the year ending December, 1875 : 

Average per Trip. 


Pennsylvania: D H.M. »D. HLM. 
Henlopen to Queenstown... 10 © 57 
oe Queenstown to Henlopen... 11 857 10 16 57 
fo: 
Henlopen to Queenstown.:. 9 22 52 
Queenstown to Henlopen... 101144 10 518 
Indiana: 
Henlopen to Queenstown... 9 17 51 
Queenstown to Henlopen... 101431 10 411 
Illinois: 
Henlopen to Queenstown... 9 14 44 
Queenstown to Henlopen... 102024 10 5 34 


The similiarity in the performances of these 
vessels during the year is remarkable, the averages 
of the Ohio and Illinois showing only a difference 
of 16 minutes on each trip through the year, the 
Indiana being rather more than an hour less than 
either of these. It will be seen that the passages 
are not remarkably fast, although the time, as taken 
for the whole year, is decidedly good. 

Tt is by this line that the goods of British ex- 
hibitors have been transmitted, and the Commission 
and staff also travelled by it, Mr. Philip Cunliffe 
Owen having, with his usual tact and good taste, 
arranged that an American line of steamers should 
have the preference in carrying goods and official 
passengers for an American exhibition. 





STEPNEY RAILWAY BRIDGE 
IMPROVEMENTS. 

Tuost who are in the least familiar with the Stepney 
Station of the Blackwall Extension Railway, which is 
situated at the point where it diverges from the Blackwall 
line, cannot fail to ha¥e noticed the dangerous character of 
the platform arrangements. The platform was fairly wide 
immediately adjoining the station buildings, but that was 
but for a short distance, and subsequently to the construc- 
tion of the station the platform was continued along the 
bridge which carries the line over the Commercial-road. 
The width between the main girders of the bridge only 
allowed space for platforms 2 ft. 3 in. wide, and consequently 
the carriage doors when open nearly touched the main 
girders of the bridge, to the imminent peril of passengers 
entering or alighting from the trains. To remedy this 
serious defect, and to improve the station generally, the old 
bridge has been removed, and a wider one is now in course 
of erection, The special feature of the work is that the 
removal of the old bridge has been, and the erection of the 
new structure is now , effected without interfering with 
the traffic on the line. this involved arrangements 
and precautions of no ordinary character may be inferred 


from the fact that no less than 400 up apd down trains pass 
over the bridge daily between the hours of 7 am. and 
11 p.m., besides trains during the night. 

The traffic is at the present time being carried on over a 
temporary timber bridge, which was built under the old 
iron bridge before the latter was removed. The speed of the 
trains is of course reduced as they pass over the bridge, and 
station operations are suspended at Stepney, except as 
regards the trains on the Blackwall line, which diverge at 
a point about 70 yards to the west of the bridge end, and 
pass along the south side of the station buildings. The 
timber bridge consists of three framed piers, so to speak, 
which are arranged so as to interfere with the traffic in the 
Commercial-road as little as possible. The footways are 
kept clear, and there are two openings for tramway and 
vehicular traffic. These timber framings are 13 ft. 8 in. 
high at the lowest part, and carry a platform upon which 
are placed a series of timber trestles 5 ft. high, which directly 
support the rails and sleepers. The timber framing and 
platform were designed by Messrs. A. Handyside and Co., 
of London and Derby, who are the contractors for the new 
bridge, Mr. Ewing Matheson, a mem'er of the firm, 
having the control of the work in London, and Mr. Norman 
Garrard being the engineer for the contractors. The trestles 
were arranged and placed in position by Mr. Langley, the 
engineer to the railway company. These trestles were 
placed intermediately between the old cross girders of the 
bridge, so that the new cross girders take the places of the 
old ones. The new bridge will be slightly longer and con- 
siderably wider than the old one, and advantage has been 
taken.of the opportunity afforded by the reconstruction of 
the bridge to give increased width to the footway on the 
north side of the Commercial-road. . This has been effected 
by setting the new abutment 18 in. further back, and 
cutting away and refacing the old work to the same line. 
One of the main girders of the new bridge is 137 ft. 
long and the other 135 ft. 8 in., the opening over the Com- 
mercial-road being 125 ft. wide, with a clear headway of 
18 ft. Both the main girders are parallel, and) 12 f+. 8} in, 
deep, or with the flanges and centre covér plates 13 ft. 44 in. 
The bridge is 43 ft. wide centre to centre of main girders, 
and there are ten cross girders of equal length, and ten of 
varying length diminishing towards the ends of the main 
girders, the bridge being on the skew. The main and cross 
girders are all of the ordinary plate type, the latter being 
3 ft. 4 in. deep at centre, diminishing to 2 ft. 102 in. at the 
ends. They are spaced 8 ft. 8 in. centre to centre, and are 
carried on the bottom flanges of the main girders. Running 
parallel with the main girders are four rail bearers and two 
platform bearers. The rail bearers are 12 in. deep and con- 
sist of four |-irons and a web; they are attached af the 
centre of the cross girders at four places. The platform 
bearers are rolled joists 10 in, deep. The spaces formed by 
the intersections of the cross girders and the rail bearers 
will be covered in with j-in. iron floor-plates, so placed as 
to insure proper drainage, and the spaces will be filled up 
with ballast to the level of rails. The rail bearers will carry 
the transverse timber sleepers to which the rails wil be 
fastened. From the main girders gusset pieces 7 ft. 6 in. 
long will extend under the platforms along each of the cross 
girders. 

The end of the girder at the north-east corner of the 
bridge will be carried on a cast-iron column, which is 
already in place. This column is 3 ft. 6 in. in diameter 
at top, and 4 ft. in diameter at bottom; it rests on a 
cast-iron bed-plate, and that in its turn upon a bed-stone 
carried on brickwork in cement with concrete beneath it. The 
column is bolted down to the brickwork with four i1}-in. 
bolts 9 ft, long. The end of the girder is hinged to a cast-iron 
plate, which has a bearing on six steel rollers to allow of 
longitudinal expansion and contraction. The other end 
of this girder, and both ends of the other girders, 
are carried on cast-iron grooved bearing plates, so 
that the ends are free to slide on them. The plates are in- 
serted in and dowelled to the bed-stones by 14-in. pins, the 
bed-stones being carried on brick piers. Lead is interpo-e:l 
between the bearing plates and the bed-stones. The ends 
of the bridge between the main girders will be finished by 
a light wrought-iron girder. " 

The erection of the timber bridge was commenced on the 
8th of September last year, and the removal of the old 
bridge was begun on the 16th of November and finished by 
the 24th of December last. The new: bridge has to be ccm- 
pleted per contract by the middle of July next. The works 
are by no means devoid of interest, having been of a special 
and intricate nature. The temporary supports had to be 
built up piece by piece between the cross girders,"the cross 
girders removed, and then, also piece by piece, the new floor 
had to be substituted. This work, for the -most part, had 
to be effected under the constant and heavy traffic to which 
we have alluded, a traffic, too, which is carried on with the 
heaviest class of engines for a bridge, for being tank engines 
their weight of some 42 tons is concentrated on a short 
wheel base. However, all has gone on well, and the work 
is making fair progress, so that Messrs, Handyside antici- 
pate being able to hand over the bridge at the stipulated 
time. 
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THE LANCASHIRE BOILER. 
On the Lancashire Boiler, its Construction, Equipment, 
and Setting.* 
By Mr. Lavineron E. Fiercuer, of Manchester. 

Tue Lancashire type of boiler differs: only from the 
Cornish in one point, namely, that the Lancashire boiler 
has two furnace tubes whereas the Cornish has but one, In 
both types of boiler the shell is cylindrical, the ends are 
flat, and the furnace tubes are ‘carried through from front 
to back below the ordinary water line,’ while-the boilers’are 
laid horizontally and fired internally. Internal firing is 
essential either to a Laacashire or to a Cornish boiler. It 
is a mistake to speak of an externally-fired Lancashire or 
an externally-fired Cornish boiler, though this is frequently 
done. If the fires are taken out of the furnace tubes of a 
Lancashire boiler and put underneath, it is a Lancashire 
boiler no longer, but becomes an externally-fired double- 
flued, boiler; and if a Cornish boiler be in the 
same way, it becomes an externally-fired single-flued boiler. 
These boilers owe their names to the counties in which they 
were first brought into general use. The’ single-furnace 
boiler was introduced~early in the t century by 
Trevithick, in Cornwall, and is therefore ‘called Cornish. 
The double-furnace boiler was introduced in 1844 by Fair- 
bairn and Hetherington, in Manchester, and is therefore 
called Lancashire. 

In laying down Lancashire boilers,'the fact has been too 
frequently lost sight of that directly a fire is lighted within 
them they begim to move, the flat ends to breathe outwards, 
the furnace tubes as well as the shell to hog upwards, and 
the whole structure to elongate. If sufficient allowance is 
not made for these movements, straining and sometimes 
rupture occurs, while the tendency to this is frequent] 
aggravated by putting in an extra thickness of métal wit 
® view of ing strength, the additional thickness increas- 
ing the unequal expansion of the parts. ‘For some years 
the writer had. o unities of observing a — 
number of boilers of the cashire as well as other types, 
in work under the inspection of the Manchester [Steam 
Users’ Association ; and from these observations he ‘has 
endeavoured to mature as complete a er in construction, 

uipment, and -setting, as ible. In doing this the 
following points have been: kept in view :—to-make the 
boiler safe for a working pressure of from 75 Ib, to 100 Ib. 
per square inch. ; to make the structure elastic, so that it 
may not be rent by the movement of the parts consequent 
on alternate expansion and contraction, but may be able 
to endure the work of years’; and to set the boiler and 
arrange the fittings so that the whole shall be above board 
and accessible to inspection. The writer does not agree 
with the view too generally held, but ‘most obstructive to 
namely, that an will do for a boiler, 
and that it iy only ‘a boiler af He thinks that a 
boiler should recetve as munch attention as an engine; that 
it should be made with as much and attended with 
as mueh care ; that the fireman should not be condemned 
to work in a dark dirty hole, called a stoke-hole, and the 
boiler asstmmed to be necessarily black and grimy ; but that 
the boiler should be placed in a’ sditable house kept bright 
and cheery, and the fittings as well as the-whole structure 
kept clean,and in Sevtconte working order ; also that the 
fireman should be stimulated to become as proficient in the 
art of using his shovel and managing the fire as a fitter in 
using ‘his file and erecting an engine. If this practice, 
happily adopted by some, were to become general, and first- 
class boilers were laid down instead of low-priced ones, the 
scientific boiler-maker would have fairer , the steam 
user W derive. economy, and the public would be 
benefited by the prevention of explosions as well as by the 
abatement of the smoke nuisance. 

The Lancashire boiler has many variations, besides the 
simple form already described. There is the Gallowa, 
boiler, in which the furnaces instead of running throug 
from one_end to the other unite in an oval flue stre ned 
with conical water pij There is the multitu r, in 
which the furnace tubes unite in a combustion chamber, 
from which a number of small flue tubes about 3 in. 
in diameter and 6 ft. long ran to the back of the 
boiler. There is Hill’s multifined boiler, in which seven 
flues about 11 in, in diameter and 8 ft. to 10 ft. 
Jong take the place of the. small flue tubes in the multi- 
tubular boiler. There are also others in which the 
furnace-tubes branch off to the sides or the bottom of the 
shell, instead: of ranning right through to the back end. 
Toall these variations of the a paler. entolee 
the Cornish, this paper applies as 8 n 
of the shell and furnace-tubes, as well as in regard to the 
equipment and setting of the whole. s 

To assist in the construction of Lancashire boilers for 
high pressures, the Manchester Steam Users’ Association 
authorised the making of a boiler expressly for undergoing 
a series of hydraulic bursting tests ; and the mauufacture 
of the boiler was entrusted to Mr. Beeley of Hyde Junction, 
who has heartily seconded the views of the Association and 
rendered valuable assistance in the prosecution of the trials. 
This experimental boiler is 7 ft. diameter, which is the usual 
size for mill service. It is adapted for a working pressure 
of 75 lb. per square in., and its .constrnction is as subse- 
quently described. A number of experimental bursting tests 
have already been made, careful observations being taken 
of the behariour of the boiler while under pressufe. These 
tests have already farnished valuable information, and 
when completed will be fully reported. Some of the results 
fort und character of ihe fens produ, te eld lating 

orm c of the ren’ ’ 
ret wee 2 intact ; 
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fittings, has forexhi i 
boiler front has been made by Mr. Clayton, of Preston, who 
* Paper read before the Tustitution of Mechanical Eng- 





























May 5, -1876.] 


ENGINEERING. 


371 








was one of the earliest to assist the writer in getting up a first 
class boiler equipment for the Manchester Steam Users’ 
Association. 

CoNSTRUCTION.* 

Dimensions.—Short boilers are found to do more work in 
proportion than long ones ; this has been confirmed by ex- 

riments on the rapidity of evaporation by Mr. Charles 

ye Williams and others. Also short boilers strain less 
than long ones, and are therefore less liable to need repair. 
Al h of 30 ft. should be the maximum, while with 
regard to the minimum some Lancashire boilers to suit par- 
ticular positions have been made as short as 21 ft., and 
found work well, though the fittings become rather 
crowded, The length recommended and now generally 
adopted is 27 ft. 

The diameter of the boiler is governed by the size of the 
furnaces, which should not be less than 2 ft. 9 in., to admit 
of a suitable thickness of fire, and afford convenience in 
stoking. Thick fires are more economical than thin ones. 
The space between the two furnace-tubes should not be less 
than 5 in., and that between the furnace-tubes and the side 
of the shell 4 in., in order to afford convenient space for 
cleaning and for the free circulation of the water, as well as 
to give sufficient width of end plate for enabling it to yield 
to the expansion and contraction of the furnace-tubes. 
With this width of water space it will be found that furnace- 
tubes having a diameter of 2ft. 9in. requirea shell of 7 ft., 
which will afford a headway of abont 2 ft. 9 in. from the 
crown of the farnaces to the crown of the shell. A furnace 
3 ft. in diameter gives room for a better fire than one 
2 ft. 9 in., but it requires a shell 7 ft. 6in. in diameter. 
For high pressures, the smaller diameter of 7 ft. is generally 
preferred, and has come to be adopted as a standard size for 
mill boilers throughout Lancashire, though one of 7 ft. 6 in. 
makes a good boiler, and gives a greater horse power per 
fovt of frontage than one of 7 ft. diameter. The diameters 
both of the shell and of the furnace-tubes are measured in- 

ternally, that of the shell being taken at the inner ring of 
plating. 

Ends.—The ends, more especially the front, are the seat 
of the grows action which occurs in Lancashire boilers 
when disproportioned. These grooves occur inside the 
boiler and around the furnace mouth. They are the 
product of mechanical and chemical action combined. 
The plate is fretted by being worked backwards and 
forwards by the movement of the furnace-tubes con- 
sequent on the action of the fire, and when in that 
condition is attacked by the acidity of the water. To 
prevent this grooving, the ends should be rendered elastic 
so as to endure the buckling action without fatigue. To 
secure this elasticity there should be not only a sufficient 
width of end plate between the two furnace-tubes as well 
as between them and the shell, as already explained, but 
also a space of 9 in. between the centre of the bottom rivet 
in the gussets and those at the furnace mouth. Also five 
gusset stays are found to work in better than any other 
number. With five gussets, one falls on the centre line, 
which is not only the weakest part of the front end plate 
and thus where it requires the most support, but also 
where it can be held fast without resisti the movements 
of the furnace tubes. The part of the end plate that 
should be left free is that immediately over the furnace 
crowns. With four gussets the end plate is more ungnarded 
at the centre, which is the weakest part, and more bound 
immediately over the furnace-tnbes, which is the line of 
motion. 

The thickness of the end plates is sometimes as much as 
fin. for pressures of 60lb. per square inch. This thicik- 
ness, however, is quite unnecessary, and only tends by its 
rigidity to cramp the furnace-tubes and strain the parts. 
Half an inch has been repeatedly and successfully adopted 
in boilers for pressures of 75 lb. per square inch, and 1% in. 
when that pressure has been exceeded. These thicknesses 
have proved amply sufficient. 

In applying the hydraulic test to boilers of the construc- 
tion and proportions now described, before leaving the 
maker’s yard, it is the practice to carry the pressure up to 
about 150 lb. per square inch, and to strain fine cords across 
the flat ends to act as straight edges from which to gauge 
the ends at twelve points, measurements being taken before 
the teat, during the test, and after the test. It is found as 
a rule that the plate under pressure bulges outwards at the 
centre from yx in. to }in., and on the removal of the pres- 
sure returns to its original position without suffering any 
permanent set. In the experimental hydraulic bursting 
tests, the ends, though only $in. thick, have stood a 
pressure of 275 Ib. per square inch without leakage or any 
appearance of distress; but on the pressure being raised 
to 300 lb. the front end plate displayed signs of weakness 
in the vicinity of the mudhole beneath the furnace-tubes. 
With this exception the greatest bulging was }in. at the 
front, and ; in. at the back, while the greatest permanent 
s>1t was only Ye in. 

Longitudinal stays are frequently introduced to assist 
the end plates. In the experimental tests the longitudinal 
stays were taken out, so that it is clear they are not abso- 
lutely necessary where the gussets are substantial. Should 
it, however, be thought desirable to adopt them, either as 
an assistance to the gussets when too weak, or as an extra 
precaution, they will be found easy of introduction. They 
are, therefore, shown in the diagrams, and it will be ob- 
served that they are secured at each end with double nuts, 
one inside the boiler and one outside, and are placed as 
much as 14 in. above the level of the furnace crowns, and 
as close together as convenience will allow. When placed 
directly over the furnace crowns, and only a few inches 
above them, they confine the furnace-tubes too strictly, 
and straining ensues. A single stay on the vertical centre 


* [For engravings of a boiler made for the Manchester 

Steam Users’ Association in aceordance with the principles 
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line of the front end plate is correct in principle, but two 
are more convenient in application. aan 

To increase the elasticity of the front end plate, itis at- 
tached to the shell by an external angle-iron rather than by 
an internal-one or by flanging. It is not necessary to at- 
tach the end plate at the back of the boiler with an external 
angle-iron, and when this has been done the angle-iron has 
been found to be injured by the action of the flame. Both 
of the end plates, ins of being made in two pieces 
rivetted together at the joint, are welded, soas to afford a 
flat surface, which in the case of the front plate is more 
convenient for the attachment of the mountings. Also 
both of them are turned in the lathe at the outer edge, so 
as to be rendered perfectly circular, and are bored out at 
the openings for the furnace-tubes. 

(To be continued.) 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig Iron Market.—The warrant market was a 
shade firmer last Thursday forenoon, and a fair amount of 
business was done at 57s. 11d. cash and one month, closing 
rather sellers at the latter, buyers very near. The firm- 
ness continued in the afternoon with business done at 58s. 
to 58s. 14d. cash, closing buyers at 58s, and sellers at 
58s. 3d. cash. On Friday forenoon the market was almost 
idle, only 500 tons having changed hands at 58s. 14d. one 
month open, closing buyers over sellers at 58s. 3d. The 
market was idle in the afternoon, no business being re- 
ported—sellers 58s. 3d., buyers 58s. 14d. cash. Monda 
was a dies non on ’Change, that day being a'statutory B 
holiday under Sir John Lubbock’s Act. When business 
was resumed yesterday forenoon the market was strong 
and iron changed hands at 58s. 6d. to 58s. 7}d. cash and 
one month open, closing with buyers at the higher price, 
sellers 58s. 94. The market was quiet during the after- 
noon, with no variation from the forenoon’s quotations. 
There was a change this forenoon, the market being very 
flat, with business done at 58s. 3d. to 58s. 14d. cash and 
one month, closing buyers at latter, and sellers at former 
price. In the afternoon there was a steady market at the 
closing forenoon prices—buyers 58s. 14d. one month fixed, 
sellers 58s. 3d. cash. Last week’s shipments amounted to 
13,524 tons as against 11,524 tons in the corresponding 
week of last jyear. The trade is certainly in a most un- 
satisfactory condition. The reductions lately made in 
prices by makers of special shipping brands have failed to 
stimulate the demand. We are now almost at the height 
of the spring shipping season, but the demand is quite in- 
sufficient to overtake the production. A small Lge 4 
of iron has been sent into store, and the total stock wii 
Messrs. Connal and Co. last Friday night was 62,954 tons. 
Of course the makers have also considerable quantities i 








es in 
their own yards. Referring to the prices that prevailed 
during the past month, it is to be noticed that the improve- 
ment at the end of March was not maintained, and prices 
gradually drooped till 57s. 9d. was on the 26th 
ult., but from that point there was a slight rally to 58s. 3d. 
The increase in the stock in the public store during the 
month was 390 tons, with warrants in circulation for 


54,100 tons. 

The Manufactured Iron Trade.—There is roy no 
change to note in the finished iron trade. ers still re- 
main scarce, with little prospect of improvement. A re- 
duction of 10s. per ton was made on ogee 7 but most of 
the manufacturers have been for weeks selling under the 


reduced quotations, so that the alteration is not likely to 
have any stimulating effect. 


Launch of the First Great Span of the Tay Bridge.— 
Another span was added to the Tay Bridge last week. This 
is the first of the thirteen + spans which are to stretch 
over the navigable channel in the middle of the river. 
has a length of 245ft., a height of 27ft., and a width of 
14ft. 10in. It was only deposited on the piers which have 
been built to a height of 4 ft. above high-water ; and it will 
afterwards be raised by hydraulic apparatus to the full 
height, so that the undersides of the span will allow a clear 
waterway of 88 ft. at high water. The weight of the span 
is nearly 200 tons. It was erected on a stage near the 
shore on the south side, whence it was floated out at high 
water by means of two + barges, each supporting an 
end. Two steamers towed it across to its destination, and 
as the tide receded the span was left on the top of the piers 
which had been prepared for it, while the barges floated 
clear out of the way. The span under notice adjoins a 
series of 130ft. spans in the middle of the river, a little 
towards the north. 


NOTES FROM THE SOUTH-WEST. 

Sharpness New Docks.—The directors state in their half- 
yearly report that during the t half-year they have 
arranged with the Severn Ports Warehousing Company for 
the erection on lease, at Sharpness, of a large and sub- 
stantial corn warehouse. ‘The last year’s floods have 
occasioned at Droitwich an expenditure of some 25001. 
During the half-year calls _to the extent of 10,0001. have 
been paid on the Severn Bridge Railway shares held by the 
Sharpness New Docks Company. This amount has been 
raised on mortgage at 44 cent. In accordance with the 
provisions of the Gloucester and Berkeley Canal Act, 1874, 
= ae i man iven see Yor ae so oy and — 

es ilway Companies t' ey wi prepared to 
purchase their rails on the company’s property in July next. 

The Powell Duffryn Collieries.—Notices to terminate 
contracts have been posted at the two pits at Cwmpennar, 
ae BS ong , to the refusal of the men to work two 
ina > 








The Rhondda Volley Soles have been posted up at 
the North and South ven Collieries, (Blaencwm and 





Rhondda), the property of the 
Wales Coal Conneny? 





It | to 





Sist inst. The present depressed state of trade is given as 
the cause of this step. ee 

The Forest of Dean:—The Pillowell strike in the Forest 
of Dean has been settled. The men will supply 20 cwt. of 
coal to the ton, and they consent to a system of croppi 
when the lime coal unfairly predominates. At the 
Western Iron Works, Forest of Dean, the men received 
notice on Monday of a five per cent. reduction. 


_ Ogmore Valley.—Although trade has been so very slow 
in South Wales, the men in the Vv have for 
some time been steadily at work. It is creditable, both to 
Dalonging 0 the Livsri, Tosdm. sak Oppoeh Deal aml 
ig e vi, Tondu, ore an 
Tron Com , tan sore kept at work ever since the award 
of the Conciliation Board was made public. The Caedu 
Colliery has been idle for five weeks, and it is a matter of 
regret that the masters and workmen cannot come to terms. 
At ew = -“— eee pews F, is pro- 
vourably. e 
Scanpleted, having gone through the “ tw 
‘* six feet’’ veins, and in a few months this colliery will be 
in full swing. 

Pontardulais Tin Works.—On Thursday the Pontar- 
dulais Tin Works were formally » Miss Williams, 
ae pee set the machinery in motion, whilst Mr. Frank 
= i a the first plate, and Dr. Griffiths, Pontardulais, 

e second. 





CUMBERLAND ASSOCIATION FOR THE ADVANCEMENT 
oF LITERATURE AND ScreNcE.—On Monday and Tues- 
day last the first annual meeting of this Association was 
held at Whitehaven. The Association is a confederation of 
the four —- literary and scientific societies in the 
county, having their respective head-quarters at White- 
haven, Wor m, Cockermouth, and Keswick. The 
President, the Lord Bishop of Carlisle, delivered his in- 
- a cnr Mags He — audi in the =~ 

: ring the mre | e follo papers were : 
‘*Spectrum Analysis,” r.G.J. Snelus; ECoining Plam- 
— found in Wasdale,” by Mr. R. 8. Ferguson ; 
a 1 Tokens,’’ by Mr. W. Jackson; ‘‘ Th Cumberland 
Dialect,”’ by Mr. J. Richardson ; ‘‘ Harbo Docks,” 
by Mr. J. E. Williams, C.E.; and ‘‘A Geological 
of the Lake District,’ by Mr. J. Clifton Ward, F.G.8. 


Socrery of Arts.—A conference on the Health and 
Senden Teos ie to Dit oe iety of Arts on 
Tu of Mr. 
Stansf: eo 


and Wednesday next, under the 
» MP. of the confefence is to discuss 
existing information in connexion with the results of the 
adopted in various iti we = 
‘or 


cyeeeee already localities ; to 
ther information thereon ; and gather and publish, 


benefit of the public generally, the experi gained. The 
introduction and discussion of sotelal aan will, there- 
fore, not be permitted. Special papers, been 
at the request of the Council of the Society, will 
rinted and cir at conference. After the 
conference the Society will issue a report on its results, and 
on the several returns and documents which have been pre- 
The conference will meet each day at 11 a.m., 

2 p.m, and, if n , 8pm. The subjects for discus- 


a. Sewage farms, with or without precipitation or man rl 
dence, profit and loss ; b. Effluent waters—subsidence, pre- 
cipitation, filtration ; c. Possibility of producing an effluent 
harmloss to health.” nd. Disp a of Sindge. ded. Dis 
charge of sewage into sea. . systems; a. Pails, 
pans, boxes, earth, ash, and other ps bared * influence 
on health, cost, &c. 5th. Foreign systems; a. Liernur 
and other systems, and the suggestions they offer. Ar- 

ments have been made for representatives and others 


ie 
urs 


ine pew at the Criterion, at 6 o’clock each day. 
A visit will also be paid to the Main Drainage Works, at 
Crossness. 





Tue InsTITUTION oF CIVIL ENGINEERS.—At the meet- 
ing of this Society on Tuesday, May 2nd 1876, Mr. George 
Robert Stephenson, President, in the chair, it was an- 
nounced that the Council, acting under the provisions of the 
bye-laws, had recently transferred Messrs. Fetti- 
Pe Blandy, Mersey Docks and Harbour Board; Wells 

ood, late ident Engineer, Cape of Good Hope narrow- 
uge Railways; John Kyle, Resident Engineer, Colombo 
Sekwater orks, and John Eng., P.W.D. 
India, from the class of associates to that of members, and 
had admitted the following candidates as students of the 
Institution, viz., Messrs. John Charles Gill, John 
Anderson Ivens George Marston, Walter Smi 
Francis Aspinall Wythes. The monthly ballot resulted in 
the election of twenty-two candidates, of whom three were 

e members, viz, Messrs. George Heaton Daglish, St. 
Helen’s ; Ewing Matheson, Walbrook; and Sydney Wil- 
liam Yockney, Westminster ; and nineteen associates, viz., 
Captain Clayton Scudamore een tient Ex. Eng., 
P.W.D., India ; Messrs. Robert Bell , Local Funds 
Engineer, Kattiawar; Edward Kynaston Burstal, Stud. 
Inst. C.E., Westminster; H Cook, and 
Trafic Manager of the Furness Railways £ John h 
Davies, Exeter; Elim Henry D’Avigdor, Vienna; Phili 
ag pasa Cries Goren Railways : bors 
William aget Higgs, Charlton; Alexander 
Ex. » PWD Tada Lient.-Col. “Alfred . Stowell 

ones, V.C., 


; _ Messrs. 
Lloyd, Birmingham ; John McLaren, Manager of 
venstho’ i it 


» Lo 


mG ee viny Company ; 
Beypoor India Patrick Walter 
; James Richmond, 
; Arthur Lewis Stride, 
i Manage ef the Lea Wark Bw D. 
and Thomas Walter Woodhouse, Red Lion-equ re 


Irrigation, 


m and South | Rail 
Company, to terminate all contracts on the 
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SCREW - CUTTING LATHE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY MESSRS. FERRIS AND MILES, ENGINEERS, PHILADELPHIA. 
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We illustrate, above, a novel 
arrangement of screw-cutting and 
turning lathe constructed by Messrs. 
Ferris and Miles, of Philadelphia, and 
sent them to the Centennial 
{International Exhibition. The lathe 
has been designed to afford a quick 
and convenient method of cutting 
screws of different pitches, and of 
changing from turning to screw- 
cutting or vice versd. 

Referring to our engravings it will 
be seen that the cone spindle a extends 














beyond the end of the lathe, and 

carries upon it two sliding pinions bb 

of different diameters, upon whose 

boss plays a double-slotted swing arm 

c. This arm may carry by means of the straight slot d one 
or more intermediate wheels, which gear with either of the 
sliding pinions 5 b, and can be swung into gear with any 
wheel of the cone of gears fon the lead screw of the lathe. 
Also by means of the curved part with its slot ¢, the swing 
arm may be fastened by its split clamp g and pinch bolt / at 
any point of the index stud :. 

The wheels of the cone fare so calculated with reference 
to the sliding pinions upon the spindle that sixteen or more 
different screw threads of the American standard may be 
cut by them (of course any other standard could be used), 
say, from 1 or 2 per inch pitch up to 14 per inch. These 
figures are laid off and s'amped as an index upon the index 
stud i. 

Practically, therefore, the operator has only to set the 
split clamp g by its pinch bolt A at any desired figure of 
the index. The intermediate wheel will then gear with the 
proper wheel upon the lead screw to cut the pitch indicated 
by the index figure. 

Of the two lines of figures of the index, the one marked 
“ in spur” is derived from the larger sliding pinion 4, the 
other line marked “in pinion” from the smaller. The chang 
from one to the other is made instantly by slightly slackin 
the screw stud which clamps the intermediate wheel in the 
straight slot d of the swing arm c, and changing the split 
washer & from the inside of the arm to the outside, or vice 
versd, the intermediate wheel being moved just one gear face, 
as the split washer g is of just that thickness. 

The thread upon the lead screw is reserved for screw- 
cutting only, but by means of a keyway traversing its 
whole length, the screw is also made to serve as a driving 
shaft for a train of gears in the carriage from which is de- 
rived the cross feed motion, and also, by means of the rack 
upon the bed, the longitudinal traverses for turning and 
surfacing. These are applied and released by single motions 
of convenient handles. It is to be observed that the index 
gives sixteen or more changes of traverse by the rack gear- 
ing for turning and surfacing and cross traversing, in ad- 
dition to the sixteen or more changes by the lead screw 
for screw cutting. Therefere, by the quick and easy method 
of changing we have described, the operator has at his in- 
stant command a variation of thirty-two or more traverses, 
comprising all the screw threads in general use. The ar- 
rangement is neat and compact and tends to enhance rather 





than the genera] appearance of the machine. 
The sli head spindle is fitted with a split conical 
bushing. can be drawn into a conical seat by a nut 








and handle (as seen in the drawing), when it is wished to 
clamp the spindle which, by this means, is centred and 
held truly in line. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Great Strike of Miners. — All attempts hitherto 
made by various parties to bring about an amicable settle- 
ment of this serious Tr have failed, and it continues in 
full force throughout the whole of South Yorkshire and 
North Derbyshire. On Monday a deputation from the 
Miners’ National Association, consisting of Mr. Mac- 
donald, M.P., president, Mr. Thomas Burt, M.P., vice- 
president, and Mr. Crawfurd, secretary, visited Barnsley, 
and strongly urged a large meeting of delegates to accept a 
reduction of 10 percent. This advice was refused, but the 
question has been referred back to the lodges in order to 
ascertain if their views on the subject be changed. At mass 
meeti held at Rotherham and Worksop on Tuesday, 
resolutions were unanimously passed to stand out against 
any reduction of more than A per cent. As a consequence 
of - strike house coal has been locally advanced 2s. to 3s. 
per ton. 


_ The Sheffield Ironworkers’ Strike.—After having lasted 
since Easter, a settlement has at length been made of the 
dispute between managers of the Atlas and Cyclops Works, 
Sheffield, and the ironworkers lately in their employment. 
After a series of conferences the men have to resume 
work at a reduction of 10 per cent., with certain reductions 
from the 6d. per ton hitherto paid in excess of the Stafford- 
shire rate of wages. 


West Riding Geological and Polytechnical Society.— 
At a meeting of the members of this Society held at Barnsley 
on Tuesday, the mayor, Mr. Carter, read an interesti 
pe on “ The Mineral As: of the West Riding - 

eld,”’ in the course of which he alluded to the recent open- 
ing out of the Silkstone seam from the Barnsley bed at the 
Barrow Iron and Hoyland Companies’ pits, saying that in 
one instance the a © a gems to the depth of 
460 yards. Professor gave an account of an 
ional it of boulder clay near Barnsley, 
saying it was w foreign to the district. It migh 54 
imagined, have been brought there the action of 
ice. This clay, he said, was often mi for thill, which 
was harder to work even than granite. Mr. Davis, F.G.S. 
oan vend 9 zon A Bese Bel in the lower, Cosi 
easures, r.] olgete gave a paper on “‘ 
Mines of the Yorkshire as applied to the Modern 
Manufacture of Tron,” saying that the Yorkshire coalfield 





contained within itself the whole of the minerals necessary 
to the making of the yong tone description of iron that can 
be produced. Alluding to fuel for smelting pape, Mr. 
Ho. gate saidthatthe best type for hardness and long power- 
ful flame and for keeping clear of firebars was the hard coal 
of South Yorkshire. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES, 


MIDDLESBROUGH, Wednesday. 


The Cleveland Fron Market.—Yesterday there was a 
fair attendance on ‘Change, at Middlesbrough. The 
amount of business transacted was exceedingly small. 
although prices were lower. No. 3 Cleveland pig iron was 
quoted 47s. 6d. per ton, and in some instances could be 
bought for less than that figure for immediate delivery. 
There is nothing but gloomy predictions to be heard in this 
district. It is expected that when the monthly returns of 
the Cleveland Ironmasters’ Association are published they 
will show a very considerable increase in the stocks of pig 
iron. There are rumours that some of the ironmasters 
contemplate reducing their make by blowing out some of 
their blast furnaces. Comparatively little weight is, how- 
ever, ane to these rumours, as wh ine — wnat, 
owing @ enormous expense a e blowing ou 
of furnaces, masters will not resort to that until it is abso- 
lutely impossible for them to carry on their works. 


The Finished Iron Trade.—It is stated that only about 
half of the rails mills of the North of England are in 
operation. As week after week rolls away the prospect of 
the finished iron trade seems to grow more gloomy. Most 
of the finished works which were pretty fully employed last 
year actually lost money. It is doubtful whether many of 
those now in partial operation are making any profit. 

Fy ae Se at — Ha er ty 2 p= midst 
of such general depression it is cheering to hear of any new 
roject calculated to improve the present state of thi 
ft is stated that Messrs. Bell Brothers, of Middlesbrough, 
are about to build suitable works near their blast furnaces 
at Port Clarence for the purpose of ay my steel at a cheap 
rate from Cleveland iron, according to the plans of Mr. 
Isaac Lowthian Bell, M.P. Should Mr. Bell’s process on a 
large scale prove a commercial success: it is impossible to 
te the important changes which will be made and 
= velopment which will take place in the staple trade of 
le 


More Rotary Puddling Machines.—Owing to the un- 
fortunate failure of the Erimus Iron Company, Middles- 
aoe Saas De Dae eae machi ware Deg 

ona very scale, little is now heard of mechani 
puddling. But although the important question is not 
prominently before the public, it is receiving the close at- 
tention of engi and practical men. essrs. Godfrey 
and Howson have now in tion at Messrs. Bolckow, 
Vaughan, and Co.’s Iron Works, at Middlesbrough, two 

imental rotary puddling machines. One is a kind of 
basin slightly inclined, and the other is a cylinder revolving 


horizontally. In both the heat is o the use of 
coal gas and common air. about one of pig iron 
is manipulated in each machine, and the melting and 


idling operations occupy about an hour for each heat. 
is no water casing, and the machines work wi 


little friction. The cost of fuel by this process is stated to 
be less than that of ordinary . — 

The Coal and Coke Trades.—There is nq alteration in 
the coal and coke trades. . 
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ON THE STRENGTH AND FRACTURE OF 
CAST IRON.* 
By Mr. W. J. Mruuar, C.E. 

THE object of the present paper is to describe the 
results of a series of observations made by the writer upon 
the strength of cast iron, and upon the forms and position 
of fractures in test bars of that metal when exposed to a 
breaking stress. 

The bars experimented with were about 40 in. long, 2in. 
deep, and lin. broad. The distance between supports (or 
span) when placed in the testing machine was 36 in., the 
load being — at centre. 

In general, the bars broke with straight fractures at 
right angles to the axes of the bars, but, in some cases, 
curved frastures were observed. It being a common opinion 
in foundry practice that bars which broke with a curved 
fracture showed stronger metal than those breaking with a 
straight fracture, a note was made of a considerable number 
of fractures, with the corresponding breaking weights. The 
averages so obtained, however, do not show that the form 
of fracture gives a measure of the strength. 

Table No. I. (see next page) shows the breaking weights 
and deflections of a number of bars showing both straight 
and curved fractures, from which it will be seen that the 
ave of 56 bars breaking with straight fractures is 
3580 


king 
» whilst that of 25 bars breaking with curved 
an excess in favour of the 
he deflections, it will be seen, 


fractures is 3551 Ib., showin: 
straight fractures of 29 Ib. 
vary in the same proportion. 


During the course of testing, it was observed that straight 
fractures almost invariably at centre of span, and 
that curved fractures occurred more or less removed from 
centre of span. Further observation has shown this to be 
uniformly the case, and also that the form of curve varies 
with the distance of fracture from centre of span. 

., Table No. I. shows the positions of fracture, from which 
it will be seen that, of the straight fractures, the majority 
broke at or near centre ; the limit of straight fractures 
being at } in. from centre, the solitary exception of § in. 
from centre having a slightly sloped fracture. The curved 
fractures, on the other hand, vary from § in. from centre to 
34 te from centre. i 

.“rom an examination of the specimens of fractures ex- 
hibited, it will be seen that the curved form increases with 
distance of fracture from centre. 
fractured 


that the 
position at which 


° read before the Institution of Engineers 
Shipbehders sere, — 











fain begins, and is not affected by the strength of the 
metal. 

By considering the conditions of stress existing in a bar 
undergoing testing as above described, we may see how it 
. — position of fracture should determine the form of 


Let A BC (see Fig. 1 subjoined) be a bar supported at 
the points A and C, and loaded at the middle of the s 
B. Let the bar be supposed to bend in inp ate alteleain 2 
the seed gy, will then be extended, and the upper parts 
comp - Consider a layer of the bar whose surface is 
AC, and of a depth b D—the section at bD will be under 
tension, so that the forces oe that surface will be 
equal and opposite, as represented by the horizontal arrows. 
If the action of the load at B be sufficient to overcome the 
tenacity of the metal at this section, fracture will take 
place ; and since this fracture is due to the action of two 
=e and opposite forces acting normally to the section 
b D, a straight fracture will take place along that section, 
and in the direction D b.. Successive layers will be affected 
in turn, until the fracture terminates at B. 

It is evident that, as each layer is ruptured, there will be 
a ae - the curved seg ore AD and CD to become 
straight, the forces so acting being at right angles to the 
curved surface ; the vertical arrows at D will thus repre- 
sent the direction of these forces at D. Now, since the arcs 
A D and CD are equal, and of the same curvature, the ver- 
tical forces wil be equal. They will thus have no effect 
upon the direction of the line of fracture. 

Let fracture now be supposed to take place at some other 





part of the layer AC, as at F. Here, as before, the tena- 
city of the metal must be overcome, and the forces so 
acting will be equal and opposite, their directions being in 
the line of the layer at F ; the line of fracture then will be, 
as before, at right angles to the curve at that point, the 
fracture taking place along the line Fe. If we now con- 


to straighten itself, we s find that, since the 

parts are unequally divided, the forces arising from the 
tendency to assume the straight condition will also be 
equal, being greater in the longer division of the bar. 
pf company” then, of two equal layers, as F C 
will have no effect upon the direction of the line 
ture ; ightening action, 
of the curved layer, viz., AG, will continue to act. 
shall thus in the upper part of section have the forces 
right angles to each other, giving rise to a 


a8 
oF 


i 
e 
F 
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fracture sloping towards the upper and central part of bar, 
as shown by the line F H. 
i ting the figure of line of fracture can 





mately into ares of circles. Fig. 4 shows lines of fracture 
for such bars, the parts of the at and near the points 
of support remaining straight whilst those about the centre 


are a 
In further tion of the diagrams of fracture (see 
Fig. 1), it may be stated that the er on of the bar is sup- 
to be divided into a number of equal parts, such as 

1, 12, &c.; and a corresponding number of hs of 
curved layer of bar taken, such as F K and FD, FL and 
FM, &c. ; the tensile forces in the divisions of depth being 
taken as uniform, whilst the forces due to the spring of the 
bar are varying, and are re by the subdivisions of 
the involute curves, 1, 2, 3, &c., whose radii are D1, K1, 
M2, L2, &. ‘ 

Table IT. (see next page) shows deflections, and set at 
different loads. Nos. 1, 2, 3, and 4 show deflections 
increasing with increase of load. No. 5 shows deflections 
decreasing with increase of load. 

This decrease in deflection for additional. load ap 
also to take place, in some cases, in malleable iron ‘ 
From some experiments made by.Mr. David Rowan, it was 
found that a forged bar, 2in. and }3 in. broad, with 
span of 3ft., gave the following results : 


lb. Ib. Ib. 
Loads 4144 414d 4144 
in. in. in. 


Deflections ‘as .230 .200 -180 

It will be observed that the sets at high loads, that is, 
near the ultimate or breaking load, decrease, whilst at low 
loads an increase takes place—showing that the set seems 
to increase, attain a maximum, and then decrease. 

The force due to straightening is very well shown by the 
springing out of the broken portions from the testing ma- 
chine, the two parts being flung out to a distance some- 
times of 82 in. from each other, the weight of the bar being 


about 21 lb. 

The ‘‘work’’ principally done, then, in bending the bar 
to its ultimate deflection will be a in producing frac- 
ture, and in causing the motion of the fractured parts. 

Since the work be=deflection x half the load, we have 
work = :392x 3571 _ 59, foot-pounds. 

The appearance of surface of fracture is in general a good 
test of the quality of the iron—softer qnaltties being dis- 
tinguished by a metallic lustre and rounded particles ; 
harder qualities, in, have less metallic lustre, and are 
~ grained. In man: ny cases the anenes the onan 

a flaky or pointed appearance, with a 
pore = Aer generally indicates strong mith, Raving © 
on. 

The breaking weights of bars of lin. broad, 1 in. y 

i to be about one-fourth rey 

ing 2 in. deep, but of similar dimensions other- 

wise ; the bar of 1 nk es in some cases, 
higher results than that due to one-fourth of the bar of 


. ne oa ee ight of 72 bars of 1 inch 

a ; square ine 
ccction whe found to be 805 , the deflection being .626 in. 
The average breaking weight of 81 bars of 2 square inch 
section, as already given, was 3571 Ib. ; deflection, .392 in. 
The tensile strengt' of links cast of same metal as the 
1 square inch section bars was found to be, for 84 links of 
1 square inch section, 20,981 lb. The ratio, then, of tensile 
to transverse in the 1 inch square section bars 
referred to is as 26 is to 1. 


fi We ~~ ? ame ol for ory ml me S 
rom the foregoing experiments by considering e 
breaking weight varies inversely as the span, and di 

as the breadth and square of the depth ; or WB = . 


os Ea2.—C = S57 SE — 32,189 ; 
or say, C=23, if load be taken in owts. and span in feet. 
We shall then have W = Bx 


The tenacity may also be expressed in terms of tho 
transverse strength, as follows : 
T = -72xWxs 
bd? 

where T ity in pounds per square inch. 

W=transverse strength in pounds, and 

S=span in inches. 

And conversely, eae 


Discussion. 

The President said the subject of the paper just read was 
of great interest to many of the mem _ It was a subject 
that he had taken considerable interest in, and had some 
experience of, a few ago. Heasked if Mr. Millar had 
noticed anything in the breakage of porous bars as to the 
weight which they sustained when not solid. 

Mr. Millar said that the results obtained, as exhibited by 
the Tables and the specimens, were, as a rule, from 
bars. Occasionally bars were met with showing a porous 


+ 











he > i - 
presence of the latter did not, however, affect the strength 
of the bar so much as might be ; the deflection, 
Sees ted daria testing, the sorts contains the 
Ww ’ ’ 
flaw in éompression. If these putin ware in Sapeioa the 
strength was reduced. 

Professor James Thomson said the experimental results 
which Mr. Millar had shown, connected want of straight- 
ness of fracture with positions removed from the centre of 
the bar. Ifthe fracture happened to i 
under the point of application of the 

at both sides, and we might naturally that 
ti would tend to be straight, unless t was 
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TABLE II. 





No. 


1.—Broken Bars. 
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No. 4.—Unbroken Bars (10 Experiments.) 


Deflection increasing—Set decreasing. 
ne 
yerage deflection «...| : 
Average set ws Ss.) «0286 ‘014 | 





No. 5.—Unbroken Bars (14 Experiments.) 
—Set decreasing.) 





! Deflection increasi 

|| Loads aan awa 3920 | 4480 
4480 || Average deflection.../ .327 317 313 
388 
008 Single Experiment—Same Loads- 

|| Deflection ... Me .380 .370 .350 

| Set... | ‘008 002 | 000 





come Reenelity te Se ine. It seemed to him a very in- | described as a sort of wedge, appeared to have been forced 
teresting fact 


hat Mr. Millar had brought forward, 


1 8i 
ling a curved form of fracture with the position in which the that more careful scrutiny tha 


fracture occurred. It seemed to him, however, that 


probability to give a complete explanation would require 
much oenstatslente and more difficult considerations than 


those which had been presented to them that 


evening. 
would like to mention, in connexion with this subject, that 
i orned fractures in many substances. 


found almost always the case that, in b: 


it 


it 
Bee 


f in books on the 
tance, in 
udge where the neutral lamina was before 


g 
F 


I 
eo 
a 


correct. He would say that, on the first instant 


il 


in some cases, that the portion 
the 


sealing wax, a horn was produced. This sub 
—= Mr. Millar’s attention. An idea 


he weitings of Mr. Hotekinson that th 

0! . n— ey 
fracture 

ing to the fracture itself. He did not think that 


fracture began, the position of the neutral lamina would 
alter. It was often supposed, in reference 


cou: out of the comp: 


n 
in all | given to such fractures would be 
He ie med the representation 


ing a | woodcut, might be a mistake. 


essor Thomson thought 


had probably hitherto been 


desirable, with a view to 


ding where they commenced, how they advanced through 
the metal, and where they terminated. He suggested that 


iven, both by 
y gt havi 


odgkinson and by various subsequent writers, as having 
a character of symmetry on both sides as shown in the 


It seemed very difficult, 
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or even impossible, to imagine any way in which the two 


when | sides could have been commenced and propagated in a sym- 


a eet ashes ped piece was forced out of | position of stresses would instan 








metrical manner. They could not both begin at the outside 
simultaneously, and then advance exactly simultaneously, 
under ex- | so as to meet exactly at the middle. The moment that 
either side would commence to break, all symmetrical dis- 


cease. In 
ing how the silighonsioe 


pang ptm Yi pany and 

was, almost certain cross part- | square across. 

Ts, rami the er, al wae cracks, The President said there was one rather peculiar thing 
commenced in the centre of the SS eee ae Be ee on Table 

that the advancing fracture, as it approached its Beth eomaae Me. S, some of bars had de- 

termination at each corner of the took = turn | flected less, greater weight Ho could not tell how 

round. In reference to the experiments of on | that should arise—could Mr. give them any informa- 

eross-breaking) of beams in which a piece, commonly’) tion on that point? 





Mr. Millar to say that the horn, or curved fracture, always 
pointed towards the centre of the bar. Was this the case, 
or did it sometimes extend away from the centre? 

. Millar said that, with reference to Mr. Morton’s 
remark, the bars were casti and there ap- 
peared to be very little skin on them. He had in severa] 
cases filed yess of the bar to ascertain what effect the 
breaking of the skin might have, but was unable to find 
any appreciable difference. The tensile links and the bars 
for cross-breaking had been treated in this manner. In 
some cases—where the file draft was made pretty deep in 
both the one-inch and two-inch section bars for cross-break- 
ing—fracture did not take place at that point. In answer to 
Mr. Gale’s question, he might say that in no case had he ob- 
served the curve of ffacture to extend away from the centre; 
it invariably pointed towards the centre and point of ap- 
plication of the load. The averages shown on the Tables 
were derived from 85 bars. These experiments were care- 
fully made, the form and position of fracture being steadily 
noted for each bar consecutively as it was broken. A con- 
siderable number of such fractures had been observed at 
different times besides the above, and in no case had a 
curved fracture been observed extending away from the 
centre. Asa very good proof of the invariable nature of 
this action, he had here a specimen of a curved fracture 
which belonged to a bar which, when loaded in the ordina: 
manner, refused to break ; the bar was then reversed, an 
finally broke with a curved fracture, which pointed towards 
the centre or point of application of the load, as in the 
other cases. 

Mr. J. Z. Kay said that he could bear witness to the 
very great care taken by Mr. Millar in making those ex- 
periments, and tothe enthusiastic manner in which he had 
gone into them. There was a peculiarity which he had 
noticed—viz., that in some cases where two test bars were 
cast from iron run out of thesame ladle, it would be found 
they would not bear the same strain, and that the one would 
break with much less weight than the other, although the 
bars seemed in every respect the'same. Another curious 
thing was what Mr. Mi alluded to in reference to a 
blown hole nos in the bar, extending through several 
inches. He had found that a faulty bar such as that would 
bear a greater strain than a perfectly sound one; but no 
doubt a great deal apenas upon the quality of the iron. 
There was a greater deflection with soft iron than with hard 
qualities. He begged to propose a vote of thanks to Mr. 
Millar for his excellent paper. 


THE STREETS OF PHILADELPHIA.—Philadelphia has 1000 
miles of streets and roads opened for traffic, and upwards 
of 500 of these are paved. The city is lighted by nearly 
10,000 gas lamps. The earth beneath conceals and is a 
trated by 134 miles of sewers, upwards of 600 miles o gas 
mains, and 546 miles of water pipes. —— as 
farther 212 miles of city railways, and nearly 1794 city 

i cars pass over these lines daily. 


Gas In Paris.—The outlay of capital on first establish- 
ment account last year by the Parisian Company for Light- 
ing and ew Gas amounted to 252,0001. This out- 
lay was necessitated by the continued development of the 
consumption and the consequent necessity of extending the 
means of distribution so as to realise the utmost possible 
economy and regularity in woiking. Further capital will 
have to be expended by the company this year. 














AmERICAN TELEGRAPHY.—A company styled the United 
States Postal Telegraph Company is in course of o isa- 
tion in the United States and Canada, to be operated under 
letters patent granted to Mr. rae for an invention by 
which, itis said, me are to transmitted over the 
wires and ap at the distant terminus in the exact hand- 
writing of the sender. The instrument invented by Mr. 
Sawyer is said to be simple in construction and easily 
worked, and the transmission is promised of from 50 to 150 
words per minute. 

TASMANIAN Inon.—The construction of a railway from 
the mines of the British and Tasmanian Charcoal Iron 
Company to its smelting works at Port Lempritre, West 
Tamar, a distance of rather more than four miles, is be: 
eee proceeded with. A locomotive and 25 tons o' 
fish-plates have been landed, and 40 tons of rails have also 
been delivered. The railway is to be carried to Redbill 
Point, about a quarter of a mile south of the present termi- 
nation of the tramway, and here the directors intend to 
build a jetty out to the deep water channel of West Arm, 
giving a depth of 16 ft. at low water, 


A TELEGRAPHIC CONFERENCE.—The last advices from 
New South Wales state that the Hon. J. Robertson recen 





small | went to the cnet Se ned Uaeteeme ems 


Sir Julius Vogel, who was too unwell to come from Mel- 
bourne to Sydney, and with wi Mr. Robertson and the 
ea ~ ee oa some yom na and 
between Melbourne Sydney was purposely 
clear for the transmission of adie, a0 ie 
ves tron ween wealie te oa Seater 
noon jm: 
Seas with shoah miyth'cuistions sebeaitted by Sir Julius 


themselves. The 
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AMERICAN TESTS OF IRON AND 
STEEL. 

We bave on several occasions during the past | ti 
year published the circulars issued by the Board ap- 
pointed by the United States Government to 
out a series of researches on the strength and other 
pro rties of iron, steel, and other;metals, and our 

ers are therefore acquainted with the general 
om of these researches. This being so, they will 
peruse with considerable interest the account of 
what the Board has already accomplished,which we 
reproduce below from a recent number of the 
Transactions of the American Society of Engineers. 

From papers which have reached us we find that 
the American Society of Civil Engineers, the 
American Iron and Steel Association, and the Ameri- 
can Institute of Mining Engineers, have each me- 
morialised Congress in favour of a fresh grant of 
50,000 dols. being made for the use of the U. S. Test 


Board during the ensuing year, and it is to be hoped | tions 


that this grant may be duly allowed, and that 
nothing may occur to prevent the researches from 
being completed. The subjoined account of what has 
been already done will give a fair idea of the man- 
ner in which the Tb a organised its work, and 
considering the vast importance of that work, and 
the known ability of the men by whom it is bein, 
carried out, we trust that every aid will be afford 
by those capable of rendering such aid. The ac- 
count of the labours of the Board as given in the 
Transactions of the American Society of Civil En- 
gineers is as follows : 


** During” "the past'year, the United States Board a: pointed jee 
to test Iron, Steel, and other Metals, under authority of an 
Act of Congress procured by a committee of the Society, 
has been organised, has prepared the'plans of investigations 
to be adopted, and has a its committees on the 
several ates to be studie 

‘* The general plan is announced, and is to be a thoroughly 
scientific ele stematic exploration of the field to 
the Board. Materials are not only to be tested and the 
results stated as those derived from the examination of a 
metal of a conventional ppm but the test-piece in 
each case will usually be examined to determine how far 
peculiar qualities are attributable to peculiarities of chemical 
com osition and of physical structure. 

‘Cirenlars  b have been issued by the committees of the 
Board requesting men of science, engineers, and manufac- 
turers of metals to communicate to the Board ‘all infor- 
mation which they may be able to submit relative to the 
subjects under investigation. A considerable amount of 
valuable material has thus been obtained. Even forei 
correspondents of the Board exhibit + interest in the 
matter, and some of the most useful papers received by 
the secretary were sent in by Mr. Forrest, the secretary of 
the British Institution of Civil Engineers, Mon. Tresca, 
of the French Conservatoire des Arts et Metiers,.and other 
well. known Euro authorities. 

‘* A chemical laboratory has been established at Water- 
town Arsenal, and the chemist to the Board, Mr. Andrew A 
Blair, formerly of St. Louis, has already done a large 
amount of work upon irons, steels, and other metais and 
alloys, and the specimens thus examined as to composition 
are subjected to the several kinds of mechanical stress to 
discover the effect of composition in determining resistances 


for distortion and rupture. 

“A series of steels is in preparation under the direction 
of the Committee on Chemical Research, in which other 
elements being retained constant in amonnt, the carbon 
varies regularly from 0 to 2 per cent. ; another series, with 
carbon uniform, has silicon in ions ; another 
set varies in phosphorus, still ano er in sulphur, an and ¢ 
other series is variable in manganese.” In each 
element varies between wide limits, while the ro po 
ments are all retained as uniform as possible. The work 
of the melter is checked by analysis, and the specimens 
are then tested mechanically. This er ht rae Lc greatl 
2 it has been needed, has never befo: at. 

itl fo It is considered by the members of the Board as 

ly to prove the most va. uable research ever made in 
his direction, and the only one in which the chemist and 
the engineer have ever sys joined forces in 
making such an exhaustive and scientific investigation 
The Committee on Abrasion and Wear is engaged in 
collating information relati to this wip | on ers is making 
experiments at the Stevens ‘echnology on the 
abrasion and wear of the metals, pe on the effect of lubri- 
ction in reducing it. The chairman is fitting up machinery 
and a tus for use in further investigation. A con- 
sidera amount of work has been done 
The Committee on|Armour Pintoieg is engaged in collating 
information from bora Be and Soedian sources that may be 
ities 
plate, cm how those qualities are to 


records of the Army and 
Butish & e my and Navy abd Navy Deere and and of ‘the 
mines of informa’ into be worked by thi 

Bechateh has Geactge of tha 


“The Committee on Ch 
Amel we ope a 
Committee on Chains and Wire Rope is endeavour- 
ing to determine the character of metal best adapted to 
chain and rope, and the ‘ie a 


——, and i which 
aa es 
pow Bo mmander Sie ae 


and that officer is collating and 











































use of the ay prin t will fill “Wash 
preges Sat -ae ayes at “f 
ae apr affords peculiar 
ies not only where this work for chain cable of any 
desired aise, form of link, or “i wy metal. 
«Work done there the chairman of this com- 
CArTY | mittee has re serious defects in ted tables of 


nn a rE es ed dat at ben, and pores 
of s with variation of size o! and permi' e 
formation of a new and trustworthy table. 

“The Committee on the Corrosion of Metals is investi- 
the corrosion of metals in 
; collected, some chemical 
work has been done, and much more work is projected for 
the ens 

“The Catnibies on the Effects of Temperature has 
planned an extended investigation of this = and is 
gathering information from various sources. research 
will be commenced by the chairman Ss coming 

ear, if the Board is sustained in its work 
& already collated all published information accessible in 
periodical literature, has made some preliminary experi- 
ments, and is receiving some information from various direc- 


” The Committee on Girders and Columns has a plan of 
meer which includes elaborate investigations of the 
strength of materials in columns and girders of various 
forms and proportions. This is the most formidable and 
expensive of the researches to be undertaken by the Board, 
and the power and accuracy of the 400 tons testing machine 
will be fully taxed in this work. The committee is peer. 
ing the co-operation and active aid of some of the lai 
manufacturers of beams and nah in the country. ) 
‘results of experiments ly made have been commu- 
nicated to the committee by the ———s of railroads and 
of mills, and in other cases important and costly experi- 
ments have been undertaken by private incorporated com- 
panies (the Board has been invited to be present and to 
assist in the work if it should seem desirable) ; these results 


Ss oo the Board, such sizes and proportions as | pe’ 



















pb mail Yara ou fe alo no a 
most Tnportnt facts previously detara » and 

work was ted be ek cubis eectaneh ths 

ae on and electricity, the 

0 on e 

specifi and other alloys, 

oo hed ~ Ty en te fer oo ny 


examined by § 
rofit by facts already acquired by acknowledged authorities, 
them the investigations, avoid 
ges rept of be iavelying Garloul event 
me 
**This paper is itself as 


preface the 


“The Committee on planning a 
series of e: er ge re 
under simultaneous stresses in rec- 
tangular directions as in the case of a rod su to 
torsional *or shi simultaneously with tensile or com- 
pressive stress. ml The subject has been entirely unstudied n)) 

e present time. 

**The Committee on Physical ry is i haeeen hed 

ous 


set for peed ge yam induced _ stress in the ~ 
ysical m en r, as t Sees magnetic, 
i | lestrie, and thermal The fact of the development 


of heat and electricity has long been known, but no syste- 
matic or scientific investigation has ever been made in this 


direction. 

“*The Committee on Steel produced by Modern Processes 
is working with the Committee on Chemical Research. It 
is collecting also the vast mass of material available and 
will endeavour to make a report which shall be of great and 
rmanent value. 


may desire to test are to be made all neces-| ‘‘ The Committee on Re-heating and Re-rolling is to test 
—- labour furnished without any mse to the Govern. | iron, &c., in the several manufacture, refined and 
ment. Bridge builders, civil and m ical ineers and , and to observe the effects of successive reheats, 
architects are corresponding with the Board on t mornin. of reworking and rolling, to if egg ooees what 
and the greatest interest and a most gra’ E ic} amount of working is demanded by differen » and 
al are said by the members to be exhibited on what are the temperatures which will prectiaadlg of give the 

TheCommi' oe aeerIeatie ron bascolladsdainrge macs best results 

of valuable information, and the records of a tnumber| ‘‘ The Committee on A es for Tools is a 


of experiments, and, among other er has 


obtained an extensive collection of ioeios 
tions of the effect of time upon the elevation of the elastic 
limit by strain, during from a few seco 


iods varying 
¥ to a year. "The vechetion of avait of quality due to differences 
size and form of section of the bar and the modification of 
prin! % ductility, and ce are under investigation. 
The chairman of this committee is also determining the 
influence of proportions of test-pieces upon their ultimate 
resistances. 

‘‘The Committee on Cast Iron is pursuing a course 
similar to that of the Committee on Malleable Tron with 
The Gon mising results. 

Committe fon pee pe Alloys has ait an in- 
tion of the strengt t) TO} of bronzes, 
may be taken as typical of the coe pe age 

_— by the Board. 

“* Several series of copper-tin alloys. were prepared, vary 
ing in some cases by regular pe roentages, and in ‘others by 
chemical equivalents, and were cast in bars of 1 in. square 
section about 20in. lo Their temperatures of 
fusion were taken at casting, ‘some were cast i ~~ sand, ae 
others in/an iron ingot mould. The weighing was 
done in a Coast Survey balance, in the physical inbenaiony 
of the Stevens Institute of bey ween A set were re- 
served for the determination of the cient of expansion, 
by Dr. Mayer. The others were broken by transverse 
stress, one set by dead loads, and others in the transverse 
testing machine of the mechanical laboratory, and deflec- 
tions and tests were_recorded to the fourth place of decimals, 
in inches, and also in metres with equal precision. The 
1 rent made up, and the results were alsojlaid off graphi- 

curves revealed some and important 
facts. The ent em 4 
peculiar, were reported upon by r Leeds, 
chemist and mineralogist of the Institute. te, b, the’ pew 
obtained, the coefficients of elasticity were calculated and 
recorded. 

** Complete sets were next broken by tension, and the re- 
sults recorded and worked up as with the transverse tests, 
and the logs and curves compared, and a series of com- 
pression specimens were made up as com n test-pieces. 

“ The full series was finally tested in the autographiec re- 


rved. 
‘All seers er grained y the chon and a com- 
parison made between the proportions by mixture and com- 
position in the bar which 
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as cast, and as com| > in 
ay Aes ce inf See Bios, Senter ee ean 

similar , under the n 












nds and they are there carefully tested 


series of experiments at aia Mec avy Yard to 
eae Hh te A -age Go 
lection of steels is made ; eg ey men Eh determined, 


—turning ae See ae thei “ 
lnnviowe Gad tele b wit oni 
and 


34 © testing machine ordered the Board is well under 
way, ee ae ah com; , when the 


eae, its committees. The machine 
deg by Charlee i or aoe tae taining en sttographi 
ry c 
diagram. Tes capacity fe 800,000 Ib in both tens 
ron or The committee of the Board » appointed 
to examine and report upon it, considered it an mely 
accurate and effective form of ’ machine, and far superior to 
any other then known to its members. 
*‘ The building, the foundation, and th 





are all in hands, under the charge setae omranicomaitins 


these matters, REY 
“ The Board is not prepared to make Bb pen Fob 


work is in d none yet completed 

members 8 their w willingness to present to the ap 

ing power, and to Co’ » & sta t of their 

They to be ly: to use 50,000 dole, 
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Mrramicur VALLEY RaiLway.—Plans, profiles, and 
estimates - ng i act line have ‘een Coamiated | in 
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THE DHU 
held 


376 
HEARTACH ey hea teanang 
of the Institution i 
se gmenS OOS wd oe ae 


re 
of “The Dhu Heartach Lighthouse,” by Mr, David Alan 
This ligh thouse tower, the erection of which had been re- 
Commissioners of Northern Light- 
position wi to the 
was 14 
Mull, the 


BE 


above the foundstion. 
was 36 ft., that of the 
top being 16 ft, The doorway was 32 ft. above the founda- 
tion, there were six compartments, affording accom- 
modation equal to 5500 cubic feet. The whole weight of the 
tower was 3115 tons, of which 1840 were contained in the 
solid base. The tower was constructed of grey granite, of 
excellent quality, quarried in the immediate vicinity of the 
hore Station. 

Authority to begin the works was obtained in March, 1867, 
and, short as the season's work necessarily was, the excava- 
tion of the foundation was begun, and first tier of the 
malleable iron barrack for the accommodation of the work- 
men, deemed necessary on account of the difficulty of 

ing, was erected. winter of 1867 was - ed 
rhe ing the attending steamer, lighters, cranes, and ot. 
t. 


Zendings were effected on thirty-eight days in 1868, 
during which the barrack was Gugiel, and three-fourths 
loundation excavated. The shore works at Earraid 
were vigorously carried on, the quarries fully opened out, 
of the foundation course was dressed, and the dwelling- 

uses were > 
In 1869 landings were effected on sixty days. On the 
24th June the first stones were landed. Part of the third 
course had been completed when a gale arose, on the 8th and 
9th July, which tore up fourteen stones, each weighing 
2 tons, which had been laid in Portland cement and joggled: 
eleven of them were washed off the rock into deep water, 
and this at a level of 36} ft. above high water. Other 
proofs of the extreme violence of the sea at Dhu Heartach 
ere recorded in the paper. A deseri| was given of a 
submarine v or funnel-shaped to the westward of 
Dhu Heartach, which the author ggested might account 
for the abnormal this situation. By the end of this 
On shore, dwell- 


<4 


Earraid. 
the lantern, optical a: tus, fe 
were executed in 1872. 


site hing op ot 


£76,084 9 7 
The author pointed out that useful comparison with other 
variety of circum- 





TURKEY AND THE PHILADELPHIA ExHIBITION.—The 
Turkish Minister of Commerce has a number of 

i of native manufacture, which are to figure at the 
Philadelphia Centennial Exhibition, and a portion of which 


bave been forwarded to the United States. Turkish 
y, remedy oh Tp aot BS for the 
Ottoman Empire, the superi the staff of 


the Turkish x at hag wn mn. 
occasion upon whic 
ee 


This is the first 
represented at any 


British CoLuMBIAN C>AL.—The total quantity of coal 
8 © ere tacaver Coal Company from Nenaine in 
1 wa St tons, against 48, tons shipped by 


. ae, Diag. sad from 
during the same year. It will be seen that 
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AINSCOW’S TYRE FASTENER. 














WE give, above, an elevation and sections of Ainscow’s 
patent tyre fastener for railway wheels, a mode of securing 
tyres which is now being introduced by the Signal Con- 
struction Company, of Bridgewater. On referring to our 
engravings it will be seen that the fastener is entirely sepa- 
rate and independent of the wheel itself, and is, therefore, 
adapted for application to existing plant, so far as regards 
iron-spoke railway wheels. It consists of a piece of rolled 
iron applied between each spoke, by being bent round whilst 
hot, and the projecting edges then hammered into a dove- 
tail groove, cut in the two sides of the tyre to receive them 
(see Fig. 2). This fastening thus inserted exerts an inde- 
pendent force of contraction, securing the tyre to the 
wheel ; so that if the tyre was to break into a number of 
pieces it could not spring open and fly off; and if the tyre 
should become loose by breaking, or otherwise, it could not 
turn round on the wheel, the fastener holding the tyre in 
its position. These fasteners can be fixed to any section of 
tyre, but the patentee recommends that as existing tyres 
are worn out, a special section should be introduced suitable 
for this fastener. 

The method of applying the fastener is as follows: A 
dovetail groove is cut in both sides of the tyre, either be- 
fore or after it is put on the wheel. This being done, and 
the tyre on the wheel, it is slung on a common porter bar 
(such as is used in glutting wheels), and is then ready to 
receive the fastener. The fastener is made of iron rolled in 
lengths with two fluted projections running longitudinally 
with the bar, as shown in section Fig. 3. This bar is cut 
into suitable lengths ; it is then heated and put into a die 
under a small steam hammer, and stamped into a trough- 
like form, and curved the same radius as the wheel. It is 
again heated and put into its place on the wheel. 

A V vlock in two pieces, with a key te tighten them up, 
is then placed between the spokes, the key driven up, 
forcing the fastener tight up against the rim of the wheel. 
The two fluted projections are then hammered into the 
groove prepared for them in the tyre, the fluted ends open- 
ing and filling the dovetail. When hammered up neatly 
it is then cooled and the operation is completed. This is a 
ready way of applying the fasteners to small quantities of 
wheels, as the principal tools required are generally to be 
found in any railway works. But in dealing with large 
quantities the patentee has modes of working, and special 
machinery, whereby the fastener could be applied at a very 
trifling cost. 


THE FIRST STEAMER TO CROSS THE 
ATLANTIC. 

In the address delivered by Sir John Hawkshaw last 
August, as President of the British Association, reference 
was made (vide ENGINEERING, page 190, vol. xx.) to the 
Sirius as being the first steamship to cross the Atlantic by 
steam alone, the Sirius having crossed in 1838. From 
documents which have recently come under our notice, 
however, this appears to have been an error, as in April, 
1838 (five years before the voyage of the Sirius), H.M.S 
Rhadamanthus, a steamer of 800 tons burthen, was taken 
out to Jamaica by Captain (now Admiral) G Evans. 
The Rbadamanthus did good service in the West Indies in 
conveying troops and aiding in the suppression of the negro 
rebellion which took place in 1833. We may add that 
before being appointed to the Rhadamanthus, Admiral (then 
Lieutenant) Evans was placed in command of the Lightning, 
the first steamer appointed to be commissioned by the 
Admiralty, Admiral Evans was thus intimately associated 
with the early development of steam navigation, while in 
October, 1889, he drew up for the Admiralty a most able 
report on the employment of the screw and its 
advantages over paddle wheels. The made in 
this report have since been fully fulfilled. It would be 
interesting to know whether in the interval between the 
crossing of the Rhadamanthus in April, 1833, and that of 
the Sirius in. 1838, no other attempt was made to cross 
the Atlantic’ by steam. As far as our information at 
present goes the Sirius was the first merchant steamer to 
make the pagsage by steam alone. 


Progress or San FRancisco.—No fewer than 1100 
new buildings were erected last year in San Francisco. 
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BORING CURVED NOZZLES. 

To bore curved nozzles with boring tools having perfectly 
straight outlines, and with asimplerevolving motion and recti- 
lineal feed, may perhaps appear at first thought to be an im- 
possibility ; but that it is a perfectly practicable matter has 
been shown by Mr. Edward Reynolds, of Messrs. Vickers, Sons, 
and Co., Sheffield, an engineer well known for his aptitude in 
scheming neat mechanical devices. Mr. Reynolds’ attention 
was first directed to this matter by his desiring to accurately 
bore some mouthpieces for trumpets, and to do this he de- 
vised the very simple tool which we illustrate in the annexed 
diagrams. These tools are simple wedges having a thick- 

















ness equal to the smallest diameter of the nozzle or mouth- 
piece to be bored, and a width across the corners at the base 
of the wedge equal to the largest diameter of such nozzle. 
In our engra the dotted lines show the outline of the 
tool, and the full lines the curve of the nozzle produced, the 
cutting edges of the tool being the inclined edges of 
the wedge. Of course such tools can be sharpened with the 
greatest ease, while by tapering them in two directions the 
character of the curve produced can be modified. The action 
of these tapered straight-edged boring tools forms an interest- 
ing study, aad altogether the device is an ex- 
tremely neat one, capable of many useful practical applica- 
tions. 





Nova Scorran Rartways.—The Nova Scotian House of 
Assembly has passed to a second reading a Bill providing 
for an extension of railway communication to Cape Breton. 
The Bill to subeiaiioe a company formed with this 
object to the extent of 16001. per mile. 


AmenRican Parzents.—The House of tatives of 
the United States has adopted a report of the Committee on 
Patents refusing an application for an extension of the four- 
motion feed patent owned by the Wheeler and Wilson 
Sewing Machine Company. The patent had continued 
21 years, and poss against its extension were received 
from nearly 1,000,000 persons. 


Tue Suzz Canat.—The revenue of the Suez Canal in 
Jenuney sepeeiies te 12 5251. } madeoer yr of vaomary 
S181. During the last five th 

= made extraordinary advance. Thus in 


revenue an " 
1870 amount derived from the transit of 
ab Rent og canal was 4145/., and in February, 


1870, 86871, 
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DIAMONDS AND THEIR TECHNICAL USES. 

Sree. and new alloys are now manufactured of such 
density as to necessitate the discovery of new means of 
working them, especially where truth and accuracy are 
required. Steel cutters may not hold their edge a sufficient 
time to traverse the full extent of a face on substances so 
intensely hard, and therefore it is important a substitute 
should be found of such durability as to retain its cutting 
edge intact, producing the same truth and accuracy of surface 
at the end of the work as at the commencement. Such a 
tool when known to exist, will no doubt prove a valuable 
acquisition, and be eagerly sought for. To obtain such a 
tool the Société @’Encouragement pour I’Industrie Nationale, 
of Paris, are offering in 1877 a prize of three thousand 
francs, for the artificial preparation of compact black dia- 
mond (commonly called bort or carbonate) for obtaining 
thereby a powerful means of action for working hard 
metal substances, &c. That such a tool is now made and 
in practical use we propose to show. 

Among the comparatively recent mechanical arrange- 
ments are many in which the diamond is made to play an 
important part, in fact there is no mineral or metal that 
can equal it in its diversified and prospective field of appli- 
cation. Diamond drills, for instance, have proved valuable 
for prospecting mines, many being now used for the 
latter purpose in England, on the continent of Europe, 
and in America. Again, the diamond is now also being 
largely used in America for channelling and quarry- 
ing stone, as well as working and carving it by rotary and 
traversing drills or bits of various sizes and shapes, armed 
on their surface with black diamonds or carbonates, which 
are shaped with sharp angular or curved cutting edges; 
these bits are made to traverse and rotate at a very high 
rate of speed, following the interior line of a templet, pro- 
ducing thereby beautiful patterns of panelling of any 
design or depth desired in stone. The rapidity with which 


iron implements. Eastern writers in their history and de- 
scription of the process of its erection assert the workmen 
used the “shamer,” which was one of the names they gave 
to the diamond. Superstitious writers of the medieval age 
state that they used a miraculous worm called the “shamer,” 
which following lines previously marked performed the work. 
The present extensive use of diamonds in the mechanical 
arts tends to confirm the belief that the “ shamer” or diamond 
was used by the workmen in King Solomon’s Temple. 

Lost arts and sciences are being gradually restored to 
us through scientific and intellectual research as well as 
by keen observation of causes and effects; one link after 
another is discovered and translated by scientists to their 
ancient uses. The Egyptian obelisks and Sphynx— 
the large blocks of porphery granite of which these 
monuments are composed were quarried—may owe their 
chief formation to the diamond. It is stated that 
General Tilghman, who discovered the wonderful use of 
sand and air combined, conceived his first idea on visiting 
the Pyramids. On their close inspection he observed the 
severe action of the sand propelled against them by the 
cyclones which so frequently occur on the deserts. Some of 
the small holes which were found in diamonds of note, such 
as the Koh-i-Noor, are supposed to have been perforated by 
the aid of sand blast. Why diamonds have not been more 
commonly used we presume has been been from a want of a 
general knowledge of their natural characteristics, such 
knowledge being confined to the comparatively few who have 
worked or traded in them, the secrets of their craft being 
handed down from father to son as heirlooms. 





THE RIVER MERSEY. 

Ar the nating of the Institution of Civil Engineers held 
on Tuesday, the 26th. ult., the second paper read was “ On 
the Changes in the Tidal Portion of the River Mersey, and in 
its Estuary,” by Mr. James N. Shoolbred, B.A., Assoc. Inst. 


the work is done, and the smoothness of finish, is something | o 7 


marvellous. These points are also used effectively for 
trueing hardened steel faces, such as dies, &c., also chilled 
iron and paper calender rolls. ; 

Much credit is due to M. Leschot for bringing into 
extended use the diamond for tunnelling, &c., but some 
may also be due to the enterprising Americans. It 
is said, give a Yankee a knife and a piece of wood he will 
whittle it into something useful, even if it is only a tooth- 
pick, and he has it seems undertaken now to whittle 
diamonds into shape in aid of arts and science. The 
diamond carbonate, which is found to be the cheapest, 
hardest, and most durable of the diamond species, was dis- 
covered amongst the diamond mines of Brazil; it is found 
generally in pieces the size of a pea, and sometimes 
in masses of over a thousand carats; it is opaque, and in 
outward appearance resembles iron ore, while it is often 
covered with a bright black skin. When broken the 
interior is all of one colour, grey, and presents the appear. 
ance of a compact crystalline substance like that of 
fractured steel; its use for the purposes previously men- 
tioned, as well as for working its sister transparent ‘“ gem,” 
for ornamentation, proves it to be the hardest known sub- 
stance, which gives it the precedence and preference to steel 
where durability of a cutting edge and accuracy are required. 

The inventor or discoverer of the means or process 
for reducing this densely hard and valuable mineral is an 
American, a worker of diamonds in their natural state 
most of his life, and who has made their character and 
nature a study. Being alive to the prospective extended 
field of usefulness to which the diamond carbonate might 
be applied, he visited some few years back the diamond 
workers of Holland and other European countries to ascer- 
tain if it had ever been or could be shaped. The uni- 
versal reply was, these black diamonds neither had been, 
nor could be shaped, they being so hard no lap would 
grind them to an acute angle, like steel; while even 
if they could be shaped by the same means employed 
with diamonds, the very cost of so doing would pre- 
vent their profitable use as a substitute for steel. Nothing 
daunted and regardless of such discouraging information 
from some of the oldest and most experienced shapers and 
grinders, he returned home with the set determination to 
solve the problem, and, if possible, subserve stubborn 
nature to his ideal purpose. After many experiments 
he realised his most sanguine hopes and succeeded in 
reducing carbonate into any shape desired with acute 
edges as with steel, and at such comparative cost as 
to make them practically useful for working stone con- 
glomerates as well as hardened steel or tough refractory 
metals. In this country these sbaped diamond points are 
being introduced by Messrs. M. Selig, Jun., and Co., 
and we anticipate that an extensive application will 
eventually be found for them. 

And here, by the way, we may remark that the old 
Saying that “there is nothing new under the sun” 
applies to diamonds as to other things. By referring 
to ancient writers, Pliny, Italiana Vitori, Lapidarium of 
Marbodus, we find diamonds formed an important adjunct 
to the hewers of stone as well as to the lapidist. In the 
sacred lines of Jeremiah, chap. xxii., verse 5, we see the 
sin of Judah is written with a pen of iron, and with a point 
of a diamond. Again it has been surmised by some of 
the ancient writers and philosophers (and probably not 
without a reasonable foundation) that the very stones of 
Solomon’s Temple were worked with diamond-pointed or 
armed tools, the law of Moses prohibiting the use of 





The Mersey, formed near Stockport by the junction of the 
Goyt and the Etherow, after flowing about 35 miles, first felt 
the effect, of spring tides at Woolston Weir, about 4 miles, 
above Warrin . The distance thence to the mouth, the 
Rock Lighthouse, was about 32 miles. The real outlet of the 
Mersey might, however, be considered as at the Bar, 10} miles 
7 ag main hoonase of the Sos of we Hestuary of 
t to c) navigation from Warrington 
Frodsham Bridges to the sea, was, in 1842, contend upon 
the Mersey Board. The buoyage and lighting 
4 ae and = bid pas meagre Sp seg poner 
or whi urpose the right of levying was gran' 
devolved wen the Docks and Harbour Board, the 
successors of the Liverpool 
Liverpool Docks. The higher portion of the river between 
Garston and Runcorn was, however, buoyed and lighted by 
the Bridgwater Navigation Company. 

The only complete surveys of the river up to Warrington 

been those of Giles, in 1820; of Parks and Hills, in 
1861; and of Hills, in 1871. Smali maps of an earlier date 
existed, and surveysof the lower parts of the river executed 
by Denham, by Lord, and by Robison-Wright. Of the 
Teeny, a chart, by Captain ville Collins, was extant 
as far back as 1687 ; but the first regular survey was made in 
1735 by Fearon and Eyes. The commencement, however, of 


the modern series of accurate charts of Liverpool Bay was 
the one in 1835, by Lieutenant (now Admiral nham ; and 
it had been contiaued at intervals down to the present time 


by the successive marine surveyors of the port. 

The powers conferred by Parliament upon the Conserva- 
tors of the Mersey were limited by the pe lage of a 
tide, uninflu by the wind, of the height of 21 ft. on the 
sill of the Old Dock at Liverpool. This was the typical equi- 
noctial spring tide of the Mersey; the low water of this tide 
being considered as 10 ft. below the level of the Old Dock sill, 
the p Freon to which all the recent charts of the Estuary were 
reduced. 

The contour line of the high water of the 2] ft. tide was set 
dewn, within the mouth of the river and up to Warrington 
and Frodsham bridges, as slightly exceeding /4 lineal miles at 
the present time. The areas contained wi' this limit were, 
as nearly as could be i in 1820, 23,474 acres, de- 
clining to 22,322 acres in 1871. area covered in 1871 by 
the typical equinoctial neap tides of the river, with its hi 
water 10 ft. above the Old Dock sill, and its low water at 
Old Dock sill level, was 17,722 statute acres, or 4600 acres 
less than that covered by the equinoctial spring tide. 

This diminution in the high-water area between 1820 and 
1871, of 1152 acres, was due principally to the extension of 
the Liv. | Docks, which absorbed 775 acres between these 
dates (158 acres had been previously taken by them); the 
closing up of Wallasey Pool in 1848 took a f amount of 
170 acres; and the remainder had been enclosed mainly for 
the docks at Runcorn, Widnes, Weston, E \ 
ton. Comparatively but little change had taken place in 
the confining high-water limits in other parts of the 
river, whether by the erosion of the low red-sandstone cliffs, 
or by the change in position of artificial embankments. In 
1871 it was estimated that a length of about 53 miles of walls 
ae seisted the high comme or lsat 
and shelving shore, existed on igh-water ing limit. 

The better to estimate the relative value of the tidal 
changes in the different parts of the Mersey, it bad, in the 


, been considered under three divisions, each markedly 
i in its natural features. 
They were: ‘ 
1st Division. The Rock Lighthouse to the Dingle Point; 
the inlet and scouring straits. 
2nd The Dingle Point to Hale Head; the broad The 
idal reservoir or upper . 
rd yy Hale Head to Warrington; narrow 


The 
ion in the care of the | Mersey 





The character of the 1st division, a deep channel, scoured 
out of the red-sandstone bed, showed that fi 
different from that of the broad expanse of the 2nd with its 
constantly shifting sands; which again varied much from the 
tortuous course of the upper division, where the influence of 
the tidal current was greatly impaired, and 
hardly felt at all. 

She soenal the tidvaay of the et ite senee nae 
about 3100 acres; of the 2nd, 15,800 acres; and of 8rd, 

acres. 

















| Division L Drvisrow II. Drvisto0n IIT. 
Date of Ba rece | aiele Heel.” | to Warrington. 
2 Dingle Point. i 
veyS com~ | Area (1871) of |Area (1871) of 14 Area (1871) of 17 
4 23 cross sections,| cross sections, | cross sections, 
694,600 s. yds. | 467,250 s, yds. | 50,615 8, yda. 
I in Beo-If in Sec- Decrease in Sec- 
1820 tional Area, tional Area, 6600 tional Area, 7790 
(less chee 87650 s. yds. | 8. yds. 8. yds. 
tions) an 
1861, Being a gainjof Gain of 0.14 per Loss of 13.48 per 
1.27 per cent. cent, cent. 
| J 
Increase in Sec- Decrease in Sec-|Decrease in Sec- 
1820 tional Area, tional Area, tional Area, 
f- oye if 4450 8, yds, 28,900 s, yds. 7090 8, yds. 
ons) ani 
1871, Gain of 0.65 per Loss of 5.86 per|Loss of 12.27 per 
cent, cent. cent. 











In the lower part of the river, the Pluckington Bank was 
of considerable importance as aifecting the approach to the 
more southerly of the Liverpool Docks. 

The following comparative Table gave the superiicial area 
exposed at the low water of a 21-ft. tide, and the cubical con- 
tents of the bank above the same level. 








Superficial Area, Cubical Contents, 
snes 8q. yards, per cent. = ba per cent, 
- 417,139 ’ 
1961 | 624744 { Increase nearly 50 1.108490 § Increase of 20 
1871 | 749,361 es +» 201,298,220 i 17 
Increase in 1871 over 1820, | Increase in 1871 over 1820, 
nearly 80 per cent. 41 per cent. 











If, instead of the low-water level, the two-fathom contour 
line below it were adopted as the 


(1) the sandbanks, and (2) the outlet-channels. 

The annexed comparative Table of the area of sands, above 
low-water spring tide, sho that no great increase had 
taken place of late years. 





od 1735 1813 1835 1857 1871 
‘sq. mls. |'sq, mis. |(sq. mis, | sq. mls, | sq. mls. 


Mainland ... ... 11.08 | 11.66 12.77 9.21 | 11.30 
Detached Banks ... | 19,37 16,16*| 15.61 | 20.39 | 20.35 


Total of Sands... | 30.45 | 26.82*/ 28,38 | 29.60 | 31,65 




















* Approximate. 


Two outlet channels to the Mersey had always existed—a 
northern one, the ‘‘ Crosby,’’ along the Laneociice shore and 
in direct continuation of the river itself, and a southern one, 
the “ Rock,” skirting the Cheshire shore. With regard to 
the latter, but little nt alteration seemed to hare 
taken place, except at its western extremity, where it origi- 
nally had two mouths, “the Horse Channel” (still a 
bed oo sgh np ‘as ts be prechinaliy waslons, eonapt 9h high 
so silted up as to i except at 

water. The “Crosby Channel” almost always had two 
mouths—one with a bar at its entranee, and an in-shore one, 
generally known as the “ Old Formby.” To the former, the 
main to the Mersey, much interest and aera ae 
been attached; its position had always been slightly shifting 
and the depth of water on the “ sometimes on the in- 
crease, sometimes the reverse. The depth of water at low- 
water spring tide on the “ Bar” of this principal entrance 
seemed to have oscillated between 9 ft. 12 ft. 

In conclusion, it was stated — 

1. That in the river Mersey the deterioration, in the Upper 
Estuary and in the higher tidal reaches, had been but slight ; 
while in the contracted channel between Liverpool and 





formation of the Liverpool Docks, was in a better condition 
now than before tracti though at certain points, 
such as some 


), one, the 
“ Hoylake,” had been ly lost. But t re- 
mainder, though subject to fluctuations in their venese, 
were in a better tion than had been the case at some 


previous epochs; while the sandbanks had apparently in- 
Pressed bef dlightly dusing the last one hundoed ond} 


years, 





of soda 
crystals. soda is nearly all carbonate, and in qualit 
it is said to be fully equal to the imported article, . 
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THE PHILADELPHIA EXHIBITION. 
PHILADELPHIA, April 27, 1876. 
PHILADELPHIA is heartily bestirring itself in the 
preparations for the great event of the Centennial 
year. The arrangements for receiving visitors are 
rogressing rapidly, and so far as can be judged, 
om the large number of buildings, finished or 
nearly so, from the several vast new hotels already 
occupied, or almost prepared to receive guests, and 
from the great capacity of the existing hotels in the 
city, there will be no lack of good accommodation. 
The endless miles of narrow, picturesque, and ill- 
paved streets are daily assuming a more brilliant 
aspect, and the various flag manufacturing com- 
panies, called into brief and profitable existence 
this Centennial year, are overwhelmed by the in- 
satiable demands for bunting made upon them, So 
with flag-staff and mast makers, For example, 
four of the former are filling orders each for 230,000 
flag-staffs from 6 ft. to 10 ft. long, and at other 
factories poles are being turned out like gigantic 
Swedish matches, and by similar machinery, The 
mast makers for the larger flags and trophies can- 
not supply fast them enough, and judging from 
appearances before the opening, the approaches to the 
Exhibition and all the main streets will be as thickly 
planted asa pine forest. Let it be observed here 
too that among the flags, after the Stars and Stripes, 
the British colours are by far the most conspicuous, 
just as in the feeling of the people England stands 
far closer than any of the other nations. 
From the centre of the city to the Exhibition is 
a distance of about four miles, and at present the 
means of communication are imperfect, consisting 
as they do.only of street cars and carriages, travel 
in which is rendered painful by the execrable con- 
dition of the streets, paved and unpaved. But be- 
fore the 10th of May the accommodation for pas- 
sengers is to bevery largely increased. Special vehicles 
at moderate charges will exist in very large num- 
bers, the street cars to and from the Exhibition are 
to run at intervals of one minute, while the Phila- 
delphia and Reading Railroad will establish a 
service of 340 trains a day, carrying passengers 
direct to the Exhibition grounds, The Pennsyl- 
vania Railroad will also have a commodious passenger 
traffic service with a terminal station in front of the 


grounds, 
There is no large city in the world laid out so 
systematically as Philadelphia, that is, arranged in 


such a manner that a stranger can always tell with 
precision the exact locality in which he stands, and 
the position of any place to which he wishes to go. 
Market-street runs through the city from east to 
west, extending from the water front of the Dela- 
ware for many miles. To the north of this street, 
and running for the most part parallel with it, are 
twenty-nine streets and avenues, and on the south 
side are a similar number, Intersecting these at 
right angles and at intervals of about one-tenth of a 
mile, are a series of streets running north and south 
and numbered from Third to Sixty-seventh streets. 
The city is thus divided into @ number of square 
blocks, the positions of which are indicated by the 
number of the streets, either north or south of 
Market-street, upon which they stand, The names 
or numbers of streets are shown conspicuously upon 
the public lampg, at every corner, and the following 
is the system of house rp cy | adopted. It is 
prenanibe that one hundred houses front the streets 
in each block, although this number is not nearly 
reached. The first house at the corner of Market- 
street and any one of the streets running at right 
angles to it is numbered 1; the first house at the 
corner of the next street parallel to Market-street is 
numbered 100, and so on, this system being repeated 
on each side of Market-street to the north and 
south, Thus the houses in the eighth block, 
for example, on Twenty-sixth-street, north or south 
as the case may be, would be numbered 800, 801, 
802, and soon. In the same way the houses in the 
streets running east and west are numbered, com- 
mencing from the Delaware river, the even numbers 

ing placed on the south side and the odd numbers 
on the north side. Thus 1550 Walnut-strect refers 
to a house in a street running east and west, and 
situated on the south side of the street, and being 
the twenty-fifth house from the corner of Fifteenth- 


The direct route to the Exhibition is along Market- 
street,’ over the Schuylkill river, and down some 
one of the streets to the north, where the numbers 
run into the forties. The Schuylkill is crossed by a 
timber bridge, recently erected to replace a structure 
that was burnt down about the beginning of De- 





cember last. It is in three a centre one of 
168 ft., and two side spans of 163ft. Before the 
fire was extinguished, timbers for the: work. of re- 
construction were on the ground, and theynew 
bridge was opened for traffic in twenty-six days 
after the old one was burnt down. Though called 
a temporary bridge it will be probably called upon to 
do duty for many years to come, unless indeed it 
should share the fate of its predecessor. 

Around the Exhibition grounds order is being 
rapidly produced from chaos, and through the 
clouds of dust, which on a fine day almost conceal 
everything from view, enormous piles of buildings 
are seen. There are the Globe Hotel, the United 
States Hotel, the Transcontinental, and some others, 
Besides these there are various buildings of more or 
less pretension and flimsiness destined to supply 
refreshment, and create the fortunes.of the owners, 
who have had to pay enormous sums for the privilege 
of erecting their buildings. The Pennsylvania 
Railroad depdt is close at hand here, unfinished yet, 
but so far advanced as to show that it is of good and 
picturesque design, and that it will be fully com- 
pleted before the opening day. In another buildin 
will be exhibited the whole process of working’oi 
wells, refining the products, &c., and not far removed 
are the fine stables of one of the horse railroad lines 
running to the Exhibition. A steam worked car, by 
the way, is being run experimentally, but the results 
so far have not given satisfaction. 

On the street, in front and at one side of the Main 
Building and Machinery Hall, asphalte is being put 
down, and grass laid, and every hour almost the 
progress made can be marked. The principal 
entrance between the Main and Machinery Halls is 
of carved timber, which calls to. mind the similar 
entrance to the Vienna Exhibition, but it is upon 
a smaller scale, Standing upon the asphalted pave- 
ment the eye takes in the Main Building, and 
stretching far away into the distance the Machinery 
Hall, the longitudinal axes of these buildings coincid- 
ing. From every point of view the outside of these 
buildings is extremely pleasing. The designs have 
already been published in these pages, and the colour- 
ing is harmonious and well arranged. One end of the 
Main Building faces upon the public thoroughfare 
known as the Carriage Concourse, the other end is 
of course within the grounds and immediately facing 
the end of the Machinery Hall.. Both Main Build- 
ing and Machinery Hall are completed, and the other 
structures are in a very advanced state, with the 
exception of the Art Gallery, which will be scarcely 
finished in time for the opening ceremony. This 
building hardly promises to be worthy of remaining 
as a permanent Memorial Hall, although it is 
perhaps premature to judge of its.ultimate appear- 
ance; moreover it is undoubtedly dwarfed is the 
adjacent buildings. The Horticultural Hall, which 
will also be made a manent structure, is in 
excellent taste both in pi and colouring, and it 
worthily occupies one of the most conspicuous places 
in the Centennial grounds, The same favourable 
criticism does not appl to the grotesque exterior of 
the Agricultural Hall, but the interior of this.struc- 
ture is somewhat striking by reason of its originality, 
consisting as it does of a long series of Gothic 
trusses springing from the und level, These 
trusses, which are roughly built of timber, with iron 
ties, are, together with the inside of the.roof, white- 
washed, and the effects of light. and shade upon the 
long succession of pointed arches, intersected with 
transepts exactly corresponding, is curious, if not 
altogether agreeable, 

The miscellaneous buildings in the grounds; call 
for little special comment, They are numerous, 
and some of them extensive; but all are designed 
rather with a view to economy than to. show. 
Nothing like the charming variety of characteristic 
architecture which formed so striking a feature at 
Vienna is to be found here, and so far as the build- 
ings are concerned the designs are strictly American, 
not international. 

The grounds set apartfor the Exhibition are highly 
picturesque, and in their richness of timber, their in- 
equality of surface, in the charming views which 
the command from almost every point they form a 
striking contrast to the dead level of the Prater at 
Vienna. An area of 450 acres has been devoted to the 
Exhibition, the grounds forming a portion of Fair- 
mount Park, which has an extent of 3000 acres, Few 
parks can compare with this, either in extent, or 
beauty, The Schuylkill and its tributary, the Wissa- 
hickon, both traverse it, the one for a distance of five 
miles and the other for six miles, and a complete sys- 
tem of roads and paths traverse the park, so that 





every part of it is accessible. "The main carriage drive 
is 12 miles long. Ata point overlooking the Sek - 
kill, and not from the Exhibition ; ‘an 
observatory is being erected by the Park Com- 
missioners. It will be 225 ft. in height, and con- 
sists _ nr = Lag omnes apr + columns, —— 
are formed of ro segments rivetted together. 
These columns, lightly braced together, converge 
from the base to the summit of the observatory, 
where there will be a 1 aeyoaie: reached by two cars, 
which are raised and lowered together or inde- 
pendently by an engine placed at the ‘base ‘of the 
structure. ‘Ihe time takenin going to the summit 
will be three minutes, including a stoppage at an 
intermediate gallery, about half way up, where 
visitors can remain if they prefer the lowae to the 
higher level. BOLL oe 
; turning to the Exhibition buildings, and enter- 
ing the Main Hall, we find that the exhibitors have 
not fulfilled their portion of the work so faithfully 
as the constructors have done, A few cases here and 
there are finished, and a more are’ in progress. 
The tasteful pavilions of Norway and of Sweden 
are nearly completed, and others more pretentious 
and less commendable are under way. Packing 
cases, too, cumber the ground in the well-known 
manner. But on the floor are many painted lines, 
indicating the spaces allotted to as many exhibitors 
who have not yet -been heard from, and who! will 
cause unavoidable confusion and delay during the 
days prior to the opening, and finally insure a greater 
or less degree of incompleteness at last, 
But in the Machinery Hall matters are still’mo: 
backward from the same cause. Comparatively 
few exhibits are even partially complete, and hitherto 
they have arrived inthe building at so slow arate 
as to threaten a worse state of things than existed 
at Vienna on the day of opening. .. During the last 
few days, however, more energy has been shown on 
the part of the exhibitors, and goods have been de- 
livered in greater numbers, ibe 
Of course it is at present impossible to form! any 
opinion of the comparative merits of the various 
national exhibits. In the British section, Messrs. 
Mirrlees, Tait, and Watson have completed the eree- 
tion of a sugar mill and engine complete, Besides 
this all are packing cases. A few English packing cases 
also occupy the area allotted to us in the h lic 
annexe; In the American section matters are more 
forward. Several locomotives are in place, notably 
one by the Philadelphia and Reading Railroad Com. 
pany, oy sr00m ms a 5 and a four-wheeled 
truck, a-four-wheeled: cou engine (36 in: gauge 
with two-wheeled bogie _ Maou Poater, a 
Co.,; of Pittsburg; the Baldwin Locomotive Works 
have one of seyerel to be exhibited in place, alarge 
eight-wheel coupled engine and two-wheel bogie; Mr. 
Mason, of Taunton,.is going to send a double bogie 
Fairlie engine, and other leading makers will eon- 
tribute, but altogether the collection will probably 
not be large. x0) 
Conspicuous, and nearly in the centre of the 
Machinery Hall, is the great. mechanical monument 
contributed by Mr, G. H, Corliss, of Rhode Island, 
viz., the 2500 horse power Corliss beam engine which 
will drive most of the machinery in the building, 
The arrangement of this éngine with the twenty 
vertical boilers which supply it with steam, was fully 
described in a recent number (vide page 331 ante). 
Besides these exhibits; Mr, Corliss will show: an 
engine of 166 horse power, built in ‘1860, and this,’ 
compared with the most modern and test ex- 
ample of the type he has completed, will show the 
pe he has effected during the last fifteen years. 
t should be mentioned that the first sketches for 
the gigantic engine were commenced nine months 
and twenty-six days before it was worked in steam 
for the first time at the Exhibition, i 
Besides this but little large machinery is at pre- 
sent even partly erected, a large steam cotton ‘press 
by Messrs. Taylor and Co, of Charleston f 
an exception to the general rule, but a number 
small exhibits are in order, and the quantity io- 
creases daily, almost hourly, © 


=z . 

THE BARRAGE OF THE NILE.—No. VIL. 

THE facts adduced in our last article point clearly 
to the conclusion that the depth to which the foun- 
dations of the barrage should be carried is governed 
not by considerations affecting percolation, for we 
have seen that the loss by leakage would be insigni- 
ficant; but by those ndent upon the ability of 
the material constituting the river bed to- resist 
erosion below the barrage and to resist being blown 
under or through an insufficiently deep or imperfectly 
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constructed foundation by the pressure of the piled 
up waters above the barrage. The ‘ Nile it” 
and light sand found in Lower Egypt is drifted by | 1837, 1862, 1863, 1864, and 1865; the Pennair 
water on the slightest provocation ; thus, the caissons | anicut in 1858; the Vellair anicut in 1853, and the 
for the Kasr-el-Nil bridge, near Cairo, occupying | Godavery anicut at some time of which they had not 
though they did but an inappreciable proportion of | ascertained the date. Considerations of this cha- 
the total width of the river at that poiat, sufficed to | racter;led.the Committee to suggest that if a weir 
induce a scour which deepened the channel upwards | dependent for its stability upon deep foundations and 
of 25 ft., and thereby endangered the foundation of | not upon the solidity and extent of the rubble cover- 
the bridge. Indeed, one pier toppled over so much | ing to the river beds were to be constructed across 
out of the perpendicular that its final staightening | the Ganges, the foundations under the weir wall 


— that the Upper Coleroon anicut had been 
reached in 1836 and 1859; the lower anicut in 





reflected no small amount of credit upon the French 
contractors who did the work. Similar changes 
occur at all parts of the river's course, and especially 
so near the barrage. The cross sections of the 
channel, given with our first article, convey some idea 
of the changes, but hardly an adequate one. After the 
High Nile of 1874 the arches at the west end of the 
Rosetta barrage were almost entirely choked up by 


should be carried down 35 ft. below low water, 





which at some points is, as we have before said, no 
less than 56 ft. below low water. In our second article 
we observed that in our opinion the engineer was 
justified in adopting this mode of construction, since 
it had already been successfully adopted elsewhere 
and we promised to give a description and section of 
the Kistnah anicut as an example in point. It was 
convenient to defer doing so until the question of 
percolation had been discussed, as certain precautions 
were adopted in the instance of the Kistnah anicut to 
prevent percolation, which subsequent experience in 
other works has proved to be unnecessary, 
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sand, whilst the anchors of some 
torpedo boats, which had been berthed 
a short distance below, were buried up- 
wards of 20 ft. deep in a newly formed 
sand bank, ‘The headworks of many of 
the principal canals are similarly ve 7 
frequently entirely choked with sand, 
necessitating a formidable amount of 
dredging every season, whilst on the 
other hand, inside the headworks, the 
rush of water may have scoured out 
great holes and brought down many 
— of retaining wall and regulating 
ridges, as was the case with the Behera 
Canal, leading off from the west end of 
the barrage, during a recent High Nile. 

One of the oldest barrages or re- 
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—s bridges in Egypt, is that at 

Haoun on the Bahr Joussef Canal, at a point distant 
about ten miles from the river. Tradition ascribes the 
construction of the original work to Joseph, the son 
of Jacob, but whatever question may be raised as to 
this, there can be none as to the important functions 
of the work, for it was for ages the only barrier to 
secure the rich province of the Fayoum against dis- 
astrous inundations. Linant Bey* says that below 
the Illaoun barrag 
to a depth of 16 metres (53 ft.) at low water, and that 
the foundation is suspended as an arch. Fortunatel 
some thirty years ago a substantial structure wi 
good foundations was built across the canal about 
100 yards above the old work, so the critical condition 
of the latter does not endanger the Fayoum. 

Originally the deep bed of the river at one part of 
the site of the present barrage was 17 metres 
(56 ft.) below low-water level, or about the same as 
in the canal below the Illaoun barrage. There is no 
difficulty in concluding therefore that if reliance is 
to be placed upon the depth of the foundation, and 
not upon the maintenance in perfect order of a large 
mass of rubble protection below the barrage, which 
would be hardly justifiable when such vast interests 
are at stake, the foundations should be carried to a 
ag of certainly not less than 59 ft. below Low 
Nile level. At present the depth is only 18 ft., and 
this inadequate amount is in effect reduced to an un- 
known extent, since the lower portion of the béton 
is little more than Joose gravel, much of the cement 
having been washed out before the mass had con- 
solidated. 

In Southern India many of the earlier works have 
very shallow foundations, but the coarse sand form- 
ing the beds of the Godavery, Kistnab, and other 
Madras rivers is very different material to “ Nile 
deposit.” ‘The latter more closely resembles the 
Ganges sand, concerning which Major Haig re- 
marks: “‘The changes which take place in the 
course of a few weeks on the Ganges would be on 
the Godavery the work of a century, since the ma- 
terial of which the bed of the latter river is composed 
is a large coarse-grained sand totally unlike the fine 
the Ganges.” ven with these 

ially favourable conditions most of the large 
adras anicuts or barrages have been breached at 
times; thus the “Ganges Canal Committee} re- 


e the bed of the canal is scoured out | © 


whilst a curtain wall of equal depth should be built 
for the protection of the 60 ft. wide stone apron im- 


mediately below the weir, which curtain wall should 
in its turn be a by a random mass of concrete 
blocks extending about 90 ft. down stream. The 
flood discharge of the Ganges is practically identical 
with that of the Nile, and since the length of the 
ee Ganges weir is one-third greater than that 

f the Nile ba: , whilst the intended backing up 
of the water is only one-half, it is very clear that the 
stability of the proposed and existing work must 
differ vastly. In fact the Nile barrage was built 
contemporaneously with the Madras anicuts, and 
with the same apparent margin of strength, but the 
difference in the conditions of the river beds was not 
properly appreciated, nor was it noted that although 
the Madras anicuts might be repeatedly breached 
without causing much anxiety, or involving more 
than an easily repaired local injury, the con- 
struction of the barrage was such that the establish- 
ment of a breach must almost certainly entail the 
destruction of the entire work. 

The imprudence of relying upon shallow founda- 
tions for structures crossing rivers with sandy beds, 
even though they involve no abnormal disturbance 
of the water as in the instance of a barrage, is well 
illustrated by the results of the floods of 1874 upon 
certain Madras works. Four large bridges which 
spanned the Paupugnee, theCheyair, theChittravutty, 
and the Pennair rivers, most of them constructed of 
girders supported on iron screw piles, were either 
wholly or peg Agee es alt the cost of their 
restoration may be estimated at 200,000/.* The 
two latter bridges, 2800 ft. and 1680 ft. in length 
respectively, were mainly founded on wells carried 
down 12 ft. below the river bed, and where screw 
piles were used, the depth ranged from 192 ft. to 
30 ft. On the other hand, the Jumna, Ravee, and 
Chenab bridges, comprising in all 113 spans and 
14,577 lineal feet of ee ore one for the new 
metre gauge lines have their foundations 70 ft. to 
75 ft. below low water, whilst the Sutlej bridge, 
consisting of 16 spans, and of the total length of 
4224 ft., has piers 100 ft. below low water. 

A portion of the barrage is founded not imme- 
diately upon the fine sand of the river bed but upon 
a lofty rubble mound formed to raise the deep bed, 





* Travaux en Egypte. Paris, 1873, 





+ Report, Roorkee, 1866, 


* Report on Railways in India, 1874-75. Juland 
Danvers. 











The construction of an anicut acrcss the Kistnah 
was entertained at a very early period, indeed 
Captain Lake in his report dated 1847 acknow- 
ledges the assistance afforded him by the records 
of his predecessor’s labours since the year 1792. 
We now annex three cross sections illustrating the 
successive modifications which the design under- 
went in maturing. Fig. 1 is the original plan of 
Captain Lake, who proposed to throw into the river 
amass of stones in large blocks until the upper 
surface arrived at the level of summer water, giving 
the base a slope of 4 to 1, and to build on the top of 
this mound retaining walls of masonry and a cover- 
ing of 1} ft. thick of rubble with 1}ft. of heavy 
coping and facing blocks. Fig. 2 is the amended 
design recommended by the Committee appointed 
to report upon Captain Lake's plans, the chief alter- 
ation suggested being an ‘increased height in the 
anicut and the adoption of foundation wells where 
the bed of the river admitted it. Fig. 3 shows the 
work as constructed, and is specially interesting, since 
the Kistnah anicut is the prototype of nearly every 
subsequent work of the c in India. In it the 
expensive cut stone-facing is dispensed with and the 
rough blocks are merely packed in tightly without 
cement, The engineer in charge proposed* to fill 
up the deep bed with sand instead of stone, with a 
view ‘to prevent the great leakage that would take 
place, were the dam founded entirely on stone 
thrown in to fill up deep hollows,” and the Com- 
mittee not only approved of this being done, but in- 
structed him to fill up the hollows in the bed of the 
river in rear of the anicut with sand also instead of 
with rough stone. In his report dated May, 1855, 
Captain Orr, the engineer of the work, stated that 
the anicut was completed to the proposed extent, 
that is, 

**The front wall was raised 20ft. above the deep bed 
and backed by a large mass of rough stones consisting of 
more than a million tons in blocks of all sizes up to 
5 tons and even 6 tons in weight, forming altogether a dam 
nearly 200 ft. in width. At 100 ft. from tbe front a second 
retaining wall is built, having its top 6 ft. below the crest, 
and between the two the surface of the work is roughly 
packed with stone on end, as lightly fixed together as 

ible by quarry rubbish rammed into the interstices. 
Behind the ‘rear wall the per gs quien Ss ouey 
ano ke masses of the largest mes. 
Thus the form Sell anetaiene the anicut differ greatly 
from the more finished but infinitely weaker section 


* Professional Papers Madras Engineers, vol. iv. 
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elsewhere, and we referred especially to the Cole- 
roon and other anicuts in Southern India, con- 
structed by English engineers, and to the “ Grand 
Anicut” on the Cauvery, which had withstood the 
floods of sixteen centuries. That the probable finan- 
cial results of the scheme were extremely encouraging 
was proved in like manner by reference to results 
obtained elsewhere, and it was further shown that 
to irrigate the lands of Lower Egypt for but one 
year by the shadoofs and other rude appliances 
there in use would, at the present — of labour, 
be equivalent to the expenditure of upwards of 2} 
millions sterling, which sum the projector of the 
barrage works would have had good reason to 
suppose would be more than was necessary to 
secure practically unlimited perennial irrigation for 
all time to come. 

We next directed attention to the unreasonable 
hurry enforced in the execution of the works, result- 
ing in defective béton, cracked arches, and a struc- 
ture which can only be intrusted to withstand a head 
of about 6 ft. of water in lieu of the 15 ft. originally 
intended, With this reduced head it was proved 
that the quantity of water thrown into the main 
canals during the period of Low Nile is so small 
that even shadoofs and sakiehs would furnish the 
supply at a smaller cost than the barrage, whilst 
good steam pumps would, for a sum of about 
15,000/. per annum, do the work fully as well as the 
barrage costing between two and three millions. 

This result, we maintained, does not amount toa 
condemnation of the project, but merely proves that 
the present supply is totally inadequate to the re- 
quirements of the Delta, or otherwise pumping 
could not pretend to compare, as regards cost, with 
irrigation by gravitation even if necessitating works 
far more expensive in character than the barrage. 
Investigating the different portions of the barrage 
works in detail, we pronounced the superstructure 
to be stable and satisfactory, and the sluices en- 
tirely the reverse, not so much on account of their 
wants of staunchness and difficulty of handling as by 
reason of the violent action of the water in tumbling 
over or rushing under such lofty sluices on to an 
imperfect apron unprotected by a water cushion, 
To obtain an accurate notion of the forces en- 
countered, we considered in some detail the dis- 
charge of the Nile at different heights of floods, 
formulating and tabulating the results, To illus- 
trate the destructive action of falling water we 
cited instances occurring on the Ganges Canal, 
whilst to prove that water rushing at an undue 
velocity under sluices is no less destructive, we re- 
ferred to what occurred at the low-water basin, 
Birkenhead. 

We then showed that even if the apron had been 
eased in iron, the would not necessaril 
be safe, since the nature of the material upon whic 
it rests is such that the smallest current of water 
established under any portion of the shallow béton 
foundation would at once undermine the entire 
structure, To effectually guard against this action, 
deep foundations are required, so as to interpose as 
it were a thick filter of sand between the river 
bed and the sand upon which the barrage rests. 
The influence of sand in checking the leakage of 
water was proved by a reference to Darcy's experi- 
ments on filtration, and the practical results on the 
Godavery and elsewhere, and the conclusion drawn 
was that although the Nile — very permeable, 
there would be no leakage of practical importance 
if the foundations were ek down deep enough 
to secure safety against erosion. That considerable 
depth is desirable where such a mobile material as 
Nile sand is concerned was sufficiently shown by 
reference to what happened at the Pont d’illaoun, 
where the canal bed was scoured out to a depth of 
58 ft. immediately below the regulating bridge, 
whilst it was noted that even with the coarse 
sand of the Madras rivers frequent breaches 
occur, which deeper foundatians would have 
obviated. To prove that the rubble mound upon 
which a portion of the Nile barrage rests is 
not necessarily fatal to the ultimate successful 
completion of the structure, as some French critics 
have maintained, we referred to the Kistnah anicut 
and the Godavery barrier works, where a similar 
e ient has been ad 

e have thus described the present condition of 
the Grand Barrage of the Nile as impartially as lay 
in our power, freely exposing the defects on the 
one hand and exonerating the engineer and pro- 
jectors from some charges which have in our opinion 
Geen unfairly brought against them on the other. 
By a reference. to successful works elsewhere, we 


have inferentially indicated the nature of the works 
which will be required to complete the barrage, so 
as to enable it to maintain the desired head of 15 ft., 
and to withstand the action of the downcoming Nile. 
Weneed only add that the question was referred by 
the Khedive to the consideration of his consulting 
engineer, Mr. Fowler, some time ago, and that the 
necessary designs for the completion of the barrage 
have been submitted to his highness, who fully ap- 
preciates the great national advantages which will 
result from improved irrigation to Egypt by what- 
ever means achieved. 





THE LATE JOHN AIRD. 

Ir is with regret we have to record the death, a short time 
since, of Mr. John Aird, a gentleman well and worthily known 
to the profession, and who was the late senior partner in the 
eminent firm of contractors bearing his name. The deceased 
gentleman was pre-eminently entitled to the appellation of 
a self-made man, having by steady perseverance and the 
most perfect integrity raised himself from obscurity to the 
high position he occu pied at the time of his death and had 
occupied for long previously. Mr. Aird came from Scotland 
when quite a boy with his father, and the two worked under 
Mr. McIntosh, the contractor. The father was killed by a 
fall of earth when engaged on the Regent’s Canal Works. 
The son remained with Mr. McIntosh for many years, until 
1827, when he obtained a situation as inspector with the 
Pheenix Gas Company, and afterwards became their super- 
intendent at the Greenwich station, and remained in charge 
of the works there until 1848, Previously to that year, the 
directors of the Phoenix Company had allowed Mr. Aird to 
carry out some small contracts on his own account, and 
afterwards on his retiremement from their service, they con- 
tinued their support, entrusting to him the contracts for 
laying the service mains for the company. This support 
was continued without interruption down to the time of his 
death. Mr. Aird also executed similar contracts for many 
other of the gas and water companies of London. He also 
carried out many of their important extensions, notably the 
Beckton Gas Works and the water works at Hampton, Sun- 
bury, and Monlsey. In addition to many works of this 
nature in England, Mr. Aird carried out others of a similar 
character in Copenhagen, Berlin, Amsterdam, and elsewhere 
on the Continent, as well as at Bahia, Para, and at Calcutta 
in conjunction with the late Mr. Brassey and Mr. Wythes. 
He also constructed the Thames Valley, the Weymouth and 
Portland, and many other railways, and likewise the Graves- 
end and Tilbury forts for the Government. Mr. Aird was also 
associated with Sir John Kelk in the construction of the Mill- 
wall Docks, and with Messrs. Lucas innumerous works, includ- 
ing the St. John’s Wood Railway. At the time of his decease 
he was associated with that firm in the construction of large 
works, including the Victoria Dock Extension, the new lines 
for the Midland Railway, and the Metropolitan and South- 
Eastern Extensions. He was also engaged in constructing the 
new Fleetwood Docks, the dock extensions at Southampton, 
and other important works at Portsmouth and elsewhere. 
Sewerage works of considerable extent and importance were 
also carried out by Mr. Aird’s firm, including the Deptford 
Pumping Station, the Bermondsey low-level sewer, the 
Brighton, and other drainage works. His useful and 
honourable life was brought to a close on the 9th of last 
month at the age of 76 years. Those nearest to him have 
reason to cherish his memory very warmly, while a very 
wide circle of sincere friends have experienced a real loss. 








THE NEW PORTAGE BRIDGE.* 
By Grorae 8S. Morison, C.E. 
On Thursday, May, 6th, 1875, before daybreak, the 
famous timber viaduct over the Genesee river at Portage, 
on the Buffalo division of the Erie Railway, took fire, and 


was gent destroyed. The viaduct was ft. long and 
234 ft. high, built in s of 50 ft. each, each timber pier 
being formed of three bents placed side by side, and resting 


on stone piers. The destruction of the viaduct was com- 
plete, not a - 7 stick of timber being left unburnt; the 
masonry in the bottom of the chasm through which 
the river flows, was badly scarred by the fire ; that on the 
banks was nearly destroyed. The itude of the struc- 
ture, and the fact that the railway another line over 
which the Buffalo business could for a time be handled, 
made the erection of any tempo structure inexpedient, 
and it was at once decided to rebuild in iron. 

On Monday, May 10th, the contract for the ironwork 
was let to the Watson Manufacturing Company, of Paterson, 
the bridge to be built according to plans prepared by and 
new =P ) a of be 4 writer. Arrangements were 
made during the same week for repairing the masonry ; a 
new abutment was built at each ol, Ge piers on the east 
bank were taken down to below the surface of the ground 
and new ones built ; those on the west bank were abandoned, 
and new ones built 18 ft. from them, the support of the whole 
structure being considered too near the precipice on this 
side of the chasm; three of the piers in the chasm were 
abandoned, and the others were repaired and provided with 
large pedestal stones to sustain the ironwork. In repairing 


* Paper read before the American Society of Civil Engi- 
neers. In addition to the engravings illustrating the pre- 
sent paper which we give on pages 381, 383, and 384, we 
also publish a perspective view of the New Portage Bridge, 








this view ha been prepared from a photograph and 
showing the finished structure. 


the masonry extensive use was made of béton coignet, with 
which the upper surfaces of the piers were covered, and in 
which the portions of the piers exposed to the constant 
action of frost and water were encased.* e ironwork 
was considerably delayed by failures of the rolling mills to 
make > ag and the first iron column was not 
raised till June 13th. On July 29th the iron was all in 
position, on the following - the track was laid across, 
and on Saturday, July 3ist, the bridge was formally tested 
in the presence of the principal officers of the railway, be- 
sides a large assemblage of spectators, and immediately 
thrown open for traffic. 

The new structure is of the same general character as 
other iron viaducts recently e by American engineers, 
differing from them in size and in detail rather than in any 
principle of construction. 

The Buffalo division of the Erie Railway for 20 miles 
east and 30 miles west of Po , is a single track line, but 
the laying of a second track been contemplated for a 
number of years. The bridge stands at the foot of a grade 
of 1 in 100 about 14 miles long, which it has been proposed 
to reduce by raising the track on the bridge. As the 
straitened financial circumstances of the company de- 
manded the least possible immediate outlay, it was deter- 
mined to build a single track structure, but one which 
could be altered at no t expense to accommodate a 
second track, and on which the track might be raised 
about 20 ft., were such a change thought expedient. In 
designing the new bridge, the supporting columns were all 
made strong enough to carry a double track superstruc- 
ture ; the trusses are of proper strength for a single track 
only, but placed 20 ft. between centres, and made of a 
narrow pattern, so that when a second track is needed, 
the strength can be doubled by placing similar trusses im- 
mediately alongside of them. Should it also be thought 
expedient to change the grade, the capitals have a sufficient 
width on each side of the truss-bearings to support the foot- 
shoes of a new truss, the botrom chord of which would be 
directly above the floor of the present bridge, which new 
truss could be erected without disturbing the running of 
trains, and on its completion, the new double track floor 
could be laid on the upper chord of the new truss. It is 
believed, however, that the reduction of grade can be made 
more easily by changing the location west of the bridge. 

The iron viaduct has ten spans of 50ft. each, two of 
100 ft., and one of 118 ft., a 50 ft. span being placed be- 
tween each of the long spans. The trusses are supported 
by wrought-iron columns, the ends of two adjacent trusses 
resting upon a single column. The pair of columns sup- 
porting the opposite trusses are in the same vertical 
plane, but are inclined towards cach other with a batter of 
1 in 8; they are united with wrought-iron struts 25 ft. 
apart and diagonal tie rods, thus forming a two-post bent ; 
each column is connected with the pew ke column of the 
adjoining bent by a similar ae of struts and 
diagonal ties; four columns with the connecting bracing 
are thus made to form a single skeleton tower, 20 ft. wide 
and 50 ft. long on the top, surmounted by a 50 ft. span of 
bridge, having the same length at the bottom and a width 
varying with the height of the tower. There are six of 
these towers, led for convenience of reference, A, B, C, 
D, E, and F, of which towers D and E are the largest, 
they having a total height, from masonry to rail of 203 ft. 
8 in., and being 69 ft. 8 in. wide between centres of columns 
at the base. (See Figs. 1, 2, and3 page 381.) 

The trusses of the superstructure are built of the standard 
of strength in general use on the Erie Railway ; they are 

roportioned to carry a moving load of 3000 Ib. per running 
oot, with an excessive load of 5000 lb. per foot, the latter 
being used in proportioning the floor system between panel 
points and the variable element in the web system, with a 
maximum tensile strain of 10,000 Ib. per squareinch. The 
towers are built to carry a moving load of 5400 Ib. per 
running foot, in addition to the estimated weight of a double 
track superstructure ; they are also calculated to resist a 
wind pressure — angles to the bridge, of 30 lb. per 
square foot, ex on the entire surface of the structure 
and of a train of cars on top, and one of 50 Ib. per square 
foot exerted on the surface of the structure alone.t 

The maximum compressive strain per square inch allowed 
in the columns is 6600 lb., and the maximum tensile strain 
allowed in the fdiagonals, 15,000 lb.; as, however, the 
diagonals have an important stiffening function to perform, 
independent of the resistance to wind effects, it was thought 
best to use no rods of a less diameter than 1} in., which size is 
used everywhere, except in the upper section of the towers 
which sustain the long spans, the Gan of the posts making 
the strains on all Salen comparatively uniform. (See 

i of strains, page 383). 

The columns rest upon cast-iron pedestals ; those on the 
north side of the bridge being secured by dowels to a cast- 
iron plate sunk in the masonry, and those on the south 
side being placed on rollers, rolling at right angles to the 
axis of the bridge ; the pedestals are connected by eye-bars 
to take up the thrust due to the inclination of the posts, 
and are kept apart by struts adjustable with wedges, to 

* Although this work has not yet had the trial of time, 
it is believed that no better or more economical method 
can be of restoring defective masonry to its original 


s ° 

t These strains have been estimated on three suppositions. 
lst. When the bridge is covered with a maximum load of 
5400 Ib. per foot, besides the weight of a double track super- 
structure, with no wind pressure. 2nd. When it is covered 
with two lines of loaded box cars, weighing together 2900 lb. 
per foot, and the wind exerts a ure of 30 Ib. 5 big. 
at right angles to the axis of the idge. 3rd. the 
wind blows with a pressure of 50 Ib. per square foot on the 
bridge alone with a single track superstructure. This last 
supposition is the one a; hing nearest to the condition 








which would overturn the bridge, but it shows nowhere a 
negative result in the pressure on the columns. 
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resist the inward thrust caused by screwing up the diagonals. 
This arrangement, which is not needed in smaller iron 
structures, was thought important here, in order to relieve 
the masonry, which is old, from. all. possible thrust, while 
the use of an adjustable strut makes it possible to throw all 
the tensile strain due to the inclination of the posts, on the 
horizontal ties, leaving the di to perform only their 
function of wind and vibration stiffness. 

The columns are made in 25 ft. lengths. They are formed 
of three plates and-four angle irons, with a lacing on the 
fourth side, so that the interior of the column is accessible 
for painting. The angles are all 4in, X4in.x}in., and the 
plates are all 15 in. wide; the back plate is of the same 
thickness for the whole length’ of each column, while the 
thickness of the side plates is varied to aye for the in- 
creased strains in the lower sections. The thinnest plate 
used is }in. thick, this being the back plate of the columns 
on which the ends of two short spans are carried. 








was laid at the site of the tower ; on this floor was erected a 
framework 30 ft. high, and composed of two bents, one on 
each side of the tower; each bent consisted simply of two 
posts 48 ft. apart and a cap 55ft. long, braced with planks 
across the corners. These bents were kept in an yy 
position by long inclined braces reaching from near the top 
of each post to the floor. Sets of falls were attached by 
slings to the projecting ends of the caps, and with these 
falls, the lower lengths of the columns were lifted by a 
hoisting engine and placed in position, the transverse and 
longitudi a oheuts were then put in place and the diagonal 
ties put on, the longitudinal ties being temporarily attached 
by a hook-and-eye plate to the same pin with the tranverse 
ties. A gin pole 55 ft. high was then lashed to each column, 
and these gin poles were used to transfer the floor and 
frame to the top of the lower section of tower now com- 
pleted. The same operation was then repeated with the 
second length of columns, which were placed over the tenon 
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The ends of the several lengths are squared and faced, 
and they rest direetly upon one another without joint 
boxes of any kind ; the upper end of each length is fitted 
with two projecting plates which form a tenon ; the length 
above fits over the tenon plates and is secured to the lower 
length by a turned pin of 1{ in. in diameter passing Geengh 
carefully bored holes ; this same pin serves for the attach- 
ment of the longitudinal rods. A second pin at: right 
=e to this one, is placed a few inches below the joint 

forms the attachment for the transverse strut and ties ; 
the end of the strut fits in between the sides plates of the 
column and is held by the pin; the diagonal ties are 
attached to the pin on each side of the column, they being 
everywhere in pairs. The longitudinal strut, which is 
nearly 50ft. long, is built in the form of a light lattice 
truss, is 2 ft. beg de 1 ft. wide, with the ends squared and 
age Png the side of the column ; it is further secured 
by belting it-to Ings atlnched: to the side plates, and is 
stiffened by angle iron braces co ing it with the corre- 

nding transverse struts, 10 ft. from each end. The hs 
of the transverse struts vary from 20 ft. at the top of the 
tower to 64ft. at lowest joint in the main towers; the 
= oe oe o> wet = gee connected with 
splice p: and suppo by a light central ; the 
first and second struts are fovtier Stiffouel _ 
mediate longitudinal strut and a system of 
diagonal rods." The wrought-iron columns 
bing v9 of cast iron. (For details, see Figs. 4 to 20, 
Pihe toreers wiedeiieed with no other false work than 
that actually used in handling the material of each succes- 
sive section. Before beginning to raise a tower, a floor 
long timbers reaching from pier to pier and loose boards, 


& 


lates of the lower length and secured by the pins; this 
one, the longitudinal ties were changed from their tempo- 
rary connexions to the permanent ones. When the 
second section of the tower was completed, the frame was 
used to raise the gin poles, which were lashed again to the 
columns and rested on the longitudinal struts. The floor 
and frame were then raised again, and the process repeated 
till the tower attained its full height.* Tower D, the last 
tower raised, weighing 277,000 Ib., was entirely erected in 
eleven days, one day only having been previously spent in 
erecting the staging for the first section. f 
The 50 ft. spans are of simple design and offered no special 
difficulties in erection, as single sticks of timber were 
long enough to reach from bearing to bearing. The 
longer 5 uired more staging. For this purpose 
four combination tt trusses were built, the top chords 
of which were made of four pieces of pine 4 in. by 10 in., 
packed in pairs and sprung about 4 ft. apart at the centre ; 
the bottom chord was of sunighs parallel eye bars, and the 
posts Y shaped ; the form of the top chord made the truss 
stiff without lateral bracing. These trusses were put to- 
gen below and raised by block and falls to the bottom of 
he upper section of the towers where they were placed, 
resting upon the transverse struts, two used for each 
. A suitable staging was then on them and 
the permanent truss was put together, the spatetainteing Se 
out from the end of the a The first long span com) 
was that of 118 ft. in length, between towers E and F, the 
east 100 ft. span being in progress at the same time. The 


* This system of scaffolding was designed by Mr. J. H. 








Drake, superintendent of erection for the contractors, and 
did excellent service. 


false trusses were then lowered into the chasm, taken apart, 
removed, put together again, and made use of to raise the 
a span between towers D and E which completed the 
rh ° 
The trusses are of the simple Pratt pattern with no other 
peculiarity than that they are made very , the top 
four angles. 


chord being of I shape, formed of a plate. 

The la’ are attached to short vertical pins which pass 
> yokes fitting over the truss pins ; yokes are 
drilled with two sets of holes, only one of which are now 


used ; the trusses are placed 19 ft. 10 in. apart 
centres ; when a second track is to be put on, it is pois 
to draw the trusses 8 in. nearer together, making the lateral 
attachment in the other set of pin holes, and to raise 
nother truss outside of each of the existing trusses. To 
give additional stiffness to so narrow a chord, a double set 
of laterals are used, attaching at the middle of each panel as 
wellas to the re. One end of each long truss is bolted to the 
iron capital of the column, and the other is placed on rollers, 
but connected with the next truss by iron loops passing over 
by ae pins of ooh ease. and whic — < the amount 
of motion n or expansion. e short spans over 
the trusses are bolted to the capitals at both ends; the 
others are. in the same manner as the long spans. 
Tone e 50 ft. 5 are placed 6 in. from the 
centre of the columns, and those of the long s only 
3 in., so that under a full load the centre of weight comes 
directly in the line of the centre of the column. (For de- 
tails of trusses see Figs. 21 to 28, page 385.) 


The plans of this viaduct were prepared in the hurry of a 
pressing necessity, and were obliged to conform in a measure 
to the plan of the original timber structure. Had there 
been no»masonry already standing, it would have been pre- 
ferred to place the two bents of each tower only 25 ft. or 
30 ft. apart, and so avoid the unusual length of the longitu- 
dinal struts. The main principle of the plan may be said 
to be that which characterises all American bridge build. 
ing, and is the leading difference between the works of 
American and Euro; engineers in this ent ; the 
concentration of the material into the _ least ible 
number of parts, a principle whose advantages are beli 
to be even greater in large and lofty viaducts of the class 
of the Portage; bridge, than in the construction of trusses 
of long spans, to which it has been so generally and suc- 
cessfully applied. In the towers of the new Portage bridge, 
the supporting material is all concentrated in four heavy 
posts, one at each corner, the mass of these posts giving 
greater stiffness than could be obtained from the same 
quantity of material distributed among several smaller 
members, and at the same time offering a minimum wind 
surface. The apparent objection of the concentration of a 
large weight on a single point is less than would at first 
appear ; the greatest weight which will be thrown on 
base of any one column of the Portage bridge when com- 
pleted to form a double structure, will be 357,500 Ib., 





.| which distributed over the base of the pedestal stone, 4 ft. 


eyuare, amounts to 155 lb. per square inch, a’pressure much 
less than is found under the ings of many truss bridges. 
The minimum thickness of the Portage piers below the 
coping is 10 ft., and ——- for an equal distribution of 
strain by the masonry in directions, the pressure im- 
by the structure and load on a surface 10 ft. square 
isonly 24.8 lb. per square inch. With great heights, however, 
the side batter of posts necessitates the use of very 
transverse struts in the lower sections of the towers, whi 
are objectionable, requiring at Portage intermediate vertical 
posts and lateral bracing to stiffen them, while the ex- 
pansion and contraction of the iron becomes vi ider- 
able. These difficulties would! be avoided 
by building towers of the form shown 
in the marginal sketch, the lower 
portion being formed of two indepen- 
dent towers, the columns of which are 
brought together at the top,.and whi 
will haye ® maximum late iffhess 
with a minimum of diagonal bracing; 
these two towers could be placed in th 
turn on three lower towers, and in this 
manner a tower of indefinite height 
could be erected without the use of a 
single long compression number. 
A aac of ey new Portage bri 
is of ti and designed to give the 
track an elastic i which will 
relieve the iron from the impacts of suddenly applied 
weights. It is formed of oak timbers 8 in. by 14 in., 22 ft: 
long, placed only 10 in. apart and res on the chords of. 
the trusses. T'wo ribbons of pine, 9 in. by 9 in., to 
8in., are placed 10 ft. apart, bolted with inch bolts to every: 
floor timber, and serve to distribute the weight thrown on 
any one beam, over the several adjoining ones. The rails ave 
laid directly on the oak timbers. A footwalk of light plank. 
is laid outside of Faget ves and a a — of 
wood completes the structure. During a 
train, a psvaven on the footwalk notices « alig ht atti 
due to the spring of the floor timbers, but in the towers 
little vibration is felt. 

The top surface of the river piers was badly shattered by 
the fire, and the lower courses of stone were broken 
by the action of frost and water the stone of which they 
were built not being of the best character. In placing the 
pedestals, the bro upper stones were removed and a 
good bearing secured. As a protection to the masonry, the 
entire upper surface of the piers was covered with a la 
of béton coignet. The lower courses of the piers, which 
rest on the rock bottom of the river, were in cribs 
of sawed oak timber, placed 18in. from the stone, and the 
space between the timber and stonework filled with béton 
well rammed. 

The total weight of iron in the bridge is 1,310,000 lb., 
divided as follows : 
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DETAILS OF VIADUCT OVER THE GENESEE RIVER AT PORTAGE, U.S.A. A Bias 


MR. GEORGE 8. MORISON, ENGINEER. 


(For Description, see Page 382.) 
Fig. 21. ___ 100 Feet 
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Fig. 28. 











ELEVATION 





THE ORIGIN OF MOTION. 
To THE EpiTor or ENGINEERING. 
S1z,—The letter of your correspondent, Mr. Pollard, in 
your last number in reference to the phenomena of motion pro- 
duced pen vibration, though ingenious in certain . 
leads completely away from the main principles involved 
in the su! » your correspondent having been ego | 
led away by a small circumstance which, th in itse 
true, is, as may be clearly proved, not suffici vt fo influence 
the case. Indeed, for this very reason I had purposely 
avoided taking this circumstance into consideration, but 
as your correspondent has noticed it, I will do so now. 
There are also certain established facts in the case which 
ee correspondent has omitted to take into account, which 
will + nage cma out, hoping thereby to make the case 


learer. 

Your correspondent would attribute the movement of a 
vibrating body er molecule to the reaction of the vibrations 
of the molecules upon the medium when the medium is 
denser upon one side of the vibrating molecules than upon 
the other. As an extreme case of this it would follow that 
a molecule or mass of matter emitting waves on one side 
only would tend to be propelled backwards in a direction 
opposite to — — he waves - emitted. This is 
ndou! ly , for energy cannot be emitted in a given 
direction without a reaction in the ite direction, pa if 
oa cemeeepeeeae ae Setar 06 ee . of the articles you 
ve published he will find that I have considered this reac- 


Se rene anes of tho pun, and its valtomay be senila com- 
from wn amount of energy given off by t! > 
ow since the value is, bat insigni oy mae agri 
enormous vibrating energy of the sun, if would totall 
vanish in the case of vibrating molecules on the earth’s 


surface at normal temperature. This of a radia- 
tng body to be propelled backwards in a direction i 
to that in whi ke vaeup ava Gat oan ae 
converse of the case of repulsion by radiation observed by 
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3 ig.27. “SIDE ELEVATION 
Mr. Crookes. The whole effect is far too feeble to be | the attraction of two bie my Soaring ng were referred 
measurable in the case of vibrating molecules at normal | to a mysterious force existi i 
ee (and it is even feeble at high temperature), | the case would cease. By mutual reflection of the 
so that this effect cannot possibly influence the case of the | waves between the pair of op} vibrating molecules the 
enormous “‘attractions’’ of molecules at normal tempera- | increments of energy im to the of the inter- 
ture (in ‘‘ cohesion,” &c.), and need not therefore be taken | cepted column of ether accumulate, producing a con- 
into account. It is even possible to give a direct experi- | tinually increasing rarefaction of the column until the 
mental proof that this circumstance is not that concerned | reduction of pressure causes the forcible approach of the 
in ucing the phenomena of attraction through vi- | molecules by the action of the preponderating normal ether 
bration. But, firstly, I would say a few words relatively | pressure upon their remote sides, it being in view that 
to some points raised by your correspondent. the vibrations of molecules are known possess an 
In the first place I of course admit that if the increase of | enormous intensity. : i 
velocity imparted to the —_— of a medium by a As the effect produced by the reflection of the waves is a 
vibrating mass or molecule did not rarefy the medium, the | most important one, we will here briefly allude again to an 
pressure of the medium would be increased. But it must | o experimental fact, which serves to prove 
unavoidably rarefy the medium, and therefore the reduction | that no effect at all would be produced unless the waves 
of pressure due to this rarefaction may be sufficient to cause | were reflected between the sapeees masses. It was ob- 
the approach of the two opposed masses. That it is | served by Dr. Guthrie that when a vibrating tuning-fork 
sufficient is proved by the observed fact that a non-vibrating | was freely suspended, it commenced moving towards a 
piece of card approaches a vibrating tuning-fork. Now, | distant fixed piece of card. Now it is perfectly evident 
since the card does not vibrate, its approach cannot | that the movement of the fork in this case can solely be 
ibly be due to the cause your correspondent su , | referred to a disturbance of the air about the fork by the 
But the approach of the card can only conceivably be ) men to ce of the distant for if the air about the fork 
a reduction of the air pressure upon the side of the card | were not so disturbed, the could no more move when 
next the fork. This must be perfectly apparent. the card is present than when the card is absent. Now since 
Your correspondent appears also to have entirely | the card does not itself vibrate, the ony onetien way 
omitted to take into account the reflection of the waves | in which it can have affected the air a t the fork is by 
between the two vibrating masses or: molecules, which is | reflecting the waves back upon the fork. This is perfectly 
one of the main principles concerned in the subject, for by | obvious, and this case is important as it serves as an 
this reflection the and consequent rarefaction of the | experimental proof of the fact (1) that the waves are re- 
intervening column of the medium accumulates. This fact | flected between the opposed masses, and (2) that to this 
appears very generally to have been overlooked, which can | reflection the effect is mainly due. 
be accounted for by the influence of the theory of | _ This reflection of the waves is the condition required to 
‘action at a distance” taking away all interest and divert- | throw the intercepted column of the medium into stationary 
ing the attention from the subject ; for if the attraction of | vibration. The conditions of equilibrium of these vibrations 
two vibrating molecules be refetred to a mysterious ‘‘ force” were considered in article No. V. Itisim t to observe 
existing between them, then all interest in the case ceases pe apy nga gn tine Aner a medium does 
and no further addition to knowledge is possible ; just as if | not on the whole rarefy it, and it is only when the waves 
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accumulates at a given spot 


that a t ion of the medium can be pro- 
duced. Without such rarefaction of the medium there can be 
no “attraction,” and, therefore, the reflection of the 


waves between two vi molecules and the attendant 
accumulation of ing a rarefaction is the im- 
portant point to take into account. 

This reflection of the waves and the attendant effect, your 
perye corey as appears to be very generally the case, 
not taken into account at all, The column of air inter- 
cepted between two vibrating tuning-forks, or the column 
of ether intercepted between two vibrating molecules, is in- 
fluenced in a profoundly different way from the rest of the 
medium, for here the waves are mutually reflected, 
stationary vibrations are produced, and the increments of 
energy here accumulate, producing a permanent rarefaction. 

There is nothing whatever to cause surprise in the fact 
that the influence of the rarefaction should under certain 
conditions outweigh the direct dynamic action of the 
particles of the intercepted column of the medium. Thus, 
even a direct jet of air can cause the approach of the mass 
—- which the jet impi (as in the experiment of 

ent and Desormes), in which case the rarefaction out- 
weighs the direct action of the jet. The apparatus in its 
simplest form consists, as is known, of two card discs, one 
of which is perforated centrally by a tube, when by blowing 
through the tube the two discs are urged ther. There 
is more similarity between this case and the case of the 
vi column of air between two op vibrating 
masses than might at first sight be imagined. It should be 
kept in view that in the case of the increments of energy im- 
parted to the icles of the colamn of the medium between 
two opposed vibrating masses or molecules, a great of the 
en of the particles of the column is necessarily directed 
radially outwards on all sides, and therefore the energy of 
these particles does not produce any increased pressure on 
the opposed masses, but only serves to rarefy the axis or 
central parts of the column, the dynamic action of these 
pirticles preventing the air from streaming into the rarefac- 
tion at the axis, and thus by the rarefaction at the axis the 

opposed masses are drawn together. 
tisconceivablethat under certain conditions, such as when 
the vibrating molecules are in extremely close proximity, 
and consequently but little lateral area is allowed for the 
free expansion of the intercepted column of ether, tne direct 
action of the increments of energy imparted to the particles 
of the column might outweigh the influence of the rarefac- 
tion, and thus the molecules might tend to be driven apart 
or ne Such is actually the observed fact, for there is 
a certain degree of proximity beyond which vibrating mole- 
cules will not approach—as in the case of the molecules of a 
solid cry By} example, which resists compression. Surely 
it would be difficult to conceive anything better adapted to 
produce the observed results than the molecular vibrations. 

Tue WRITER oF THE ARTICLES. 


P.8.—It might have been added above that when a 
vibrating body is emitting waves uniformly on both sides, 
then there would bo no reaction tending to propel the 
vibrating body in either direction, even if the medium were 
denser on one side of the vibrating body than on the other, 
provided the pressure of the medium were the same on 
-oth sides ; for it should be kept in view that the particles 
of the medium where the density is less have a greater 
velocity, and therefore strike a greater number of times 
against the vibrating body, thus increasing the reaction 
and exactly compensating for the reduced density. Your 
correspondent will, therefore, see that in this special case 
his premises do not hold at all. Possibly the illustrative 
case taken by your correspondent in assuming the particles 
of the medium to be normally at rest has caused him to 
overlook this fact. 





To THe Epiror or ENGINEERING. 

Srr,—I am very far, indeed, from asserting that the 
explanation of gravitation, which I gave in my letter of 
last week, is not open to many objections, but I do assert 
that after many d te attempts I have never conceived 
one that is fatal to it. It would require a small volume to 
fortify the theory at all points, and to state and answer 
every difficulty that presents itself. I purpose noticing only 
one of theseo—a serions one no doubt, but not by any means 
imsuperable. Itis this : 

It may be that even if the explanation were a true 
one, all that I have succeeded in do'ng is to substitute one 
kind of force for another. I have :.ssumed elasticity asa 
property of the a of ether, and the constituent atoms 
= have called them) of material molecules. Now elasticity 


—p 

he objection is very forcibly stated by Sir John Herschel, 
and sesing that the writer of the ‘Origin of Motion’’ is 
** not aware that hitherto there has been assumed to be any 
difficulty in considering that two masses or particles of 
matter can interchange motion among themselves without 
recourse to the theory of ‘action ata distance,’ ” it would be 
as well to give the precise words of our great astronomer. 

In an essay on the Origin of Foree ‘published in his 
**Familiar Lectures on Scientific Subjects’’), Sir John 
Herschel vigorously attacks the doctrine that forces are 
** modes of motion’’-——a doctrine which, as he says, ** goes 
to resolve the entire assemblage of natural phenomena into 
the mere knocking about of an inconceivable number of 
ineonceivably minute billiard-balls,’’ or otherwise shaped 
little bits of matter, on the 
must of necessity be inelastic.”’ 

” ,”’ he says, ‘“‘implies force. If this be dis- 
allowed — if be not force, but collision—each billiard- 
ball (ac ultimate atom, that is to say) must be itself a 
univors> in miniatare composed of other more minute ones, 
moving and colliding inter s2, to give thom that resilience 
which we term elasticity, but which ia this view of the 
matter is nothing but ‘clash.’ Now, what is fo prevent 
these ultimate atoms of the second order, animated with 


velocit#es immense as compared with their mutual distances, 
coerced by no mutual attractions, subject to no control but 
from their mutual collisions, from dispersing the out 
in all directions into space, and abdicating their functions 
asa group? If we waivethis objection (which however is 
fatal) nothing is gained. The original objection applies in 
its full force to these sub-atoms, and so on ad infinitum.” 

Triumphantly as this formidable looking objection is 


has | stated, a few moments’ consideration will suffice to show 


how harmless it must fall against the position which it 
forces me to assume. ie nice 

That every little bit of matter in the universe is itself a 
universe in miniature, in so far as it is composed of a number 
of more minute particles, is a self-evident truth—so self- 
evident, that even Sir John Herschel, who took a peculiar 
delight in setting bounds to what most other people regard 
as infinite, would pares be ventured to deny it. It is 
simply impossible to think of any particle of matter so small 
as to exclude the possibility of its being composed of two 
halves—so small that we cannot think of its parts. The 
existence of an ultimate atom or an ultimate particle I 
deny, just as emphatically as I deny that there is an end to 
space. A particle of matter, if it exist at all; must occupy 
space, must have an under and an upper surface, must have 
two halves, must have parts. Each of these parts, again, 
however small they may be, must, if they exist, be finite in 
size. They, too, must necessarily be composed of still more 
minute parts, and so on ad infinitum. The divisibility of 
matter is as truly without limit as space is without bounds. 
Divide and sub-divide a body as long as you choose, you 
can never arrive at a portion of it so small that any further 
division would make something become nothing. You may 
in time arrive at the molecule, the smallest possible portion 
of that particular substance to divide which would deprive 
it of the properties which give rise to the phenomena which 
are observed in the substance, but the ultimate atom, a 
portion of matter having parts too minute for separate and 
independent existence, too small to be subject to the laws 
of motion, would ever recede before you into the innermost 
sanctuary of the inconceivably little. (Maxwell). : 

This is undeniable. The question is, considering the cir- 
cumstances under which matter exists, is it more probable 
that the constituent parts of every particle are at rest rela- 
tively to each other and in absolute contact, or that they 
are moving and colliding inter se? I contend that the latter 
supposition is infinitely more probable than the former, from 
the undoubted fact that motion is from its very nature in- 
destructible and eternal. Just asa rifle bullet on striking 
a target transfers its motion to its constituent molecules, so 
a molecule, or a part of a molecule, on striking another 
molecule or particle would transfer its motion to its con- 
stituent parts if those parts were not already in vibratory 
motion and collision inter se, i.e., if it were not elastic. 
But the particles of matter are elastic, they do rebound 
after collision, and it is an unavoidable inference that 
every particle of matter is composed of parts in vibratory 
motion. The elasticity of each particle is thus at once 
accounted for. Whenever such a , se meng comes into collision 
with another particle, its parts during compression retain 
their motion, and restore it to its original shape, when the 
pressure is removed. An inelastic particle of matter implies 
the destructibility of motion, and cannot therefore possibly 
exist. As Herschel says truly, collision, indeed, between 
ultimate atoms regarded as absolutely rigid, and therefore 
inelastic (for that which cannot change its form can have no 
resilience) cannot take place without a permanent destruc- 
tion of it, which there exists no means of repairing. - 

The constituent parts of every particle of matter being 
in rapid motion and collision inter se, we have next to ex- 
plain the cohesion of thess parts. I grant that if the parts 
of a body are thus moving and colliding inter se and are in- 
deed subject to no control but from their own mutual collisions, 


here, nor indeed anywhere. Medium No. 2 implies medium 
No. 3, and so on ad infinitum. In short any one who thinks 
the matter out is led to the inevitable but startling conclu- 
sion, that the ethereal fluid interstellar space is com- 
posed not of particles of one uniform size but of an infinite 
series of cles of all sizes, from the size of a particle of 
ordinary luminiferous ether downwards ad infinitum. The 
existence of an ultimate particle of ether must be altogether 
denied. It is just as difficult for me, or for any one else 
who denies the existence of force acting across a void, to 
admit the existence of an elastic atom whose rapidly vibrat- 
ing parts cohere without the aid of an elastic medium com- 
posed of more minute particles than itself, as it is to admit 
that there is a limit to the extent of luminiferous ether. If 
the ethereal ocean has a limit, the extreme particles would, 
as Herschel says, be constantly flying off and dispersing 
themselves into space. Similarly, if there be a limit tothe 
minuteness of the ether particles, if there exists an ultimate 
particle of ether than which nothing smaller can exist, 
there is nothing to prevent the parts of that ultimate 
| awa | from abdicating their functions as a group and 

ispersing themselves out in all directions into space. But 
why should we admit that there is a limit beyond which 
luminiferous ether does not extend? Why wantonly create 
an insoluble difficulty? And why should we assume the 
existence of ultimate particles the parts of which cohere, if 
they cohere at all, by means of “‘ action ata distance”? Why 
not insist that the very existence of a icle of matter 
necessarily implies that of an elastic medium in which it is 
immersed, by the pressure of which its parts cohere? Why 
not boldly affirm that there is and cannot possibly be a 
particle of matter so small as to exclude the possibility of 
the existence of an indefinite number of still more minute 
ones? ‘‘ All our conceptions of material objects are relative. 
Great and small, long and short, big and little, and such 
like, are words which severally have tacit reference to some 
standard which habit, and the things among which we live, 
and by which we are surrounded, have established in our 
thoughts.”” (Lardner). 

If such be the constitution of the ethereal medium that 
no particle ‘of it has an right to be called “ultimate,” if 
the ether be composed of an infinite series of particles of all 
sizes, from that of the largest particle of ordinary ether 
downwards. ad infinitum, then the cohesion of the parts of 
the molecules of matter receives at once a satisfactory 
solution. Some of the ether particles, being too large to 
penetrate the interstices between the component atoms of 
the molecule, are intercepted by the surface of the molecule 
and exert their pressure upon that surface. Others, pene- 
trating with ease the interstices between the atoms of the 
molecule, exert pressure upon the surface of those atoms. 
Others, again, penetrate the atoms, and cause the cohesion 
of the component parts of the sub-atoms, and so on ad 
infinitum. We may safely leave the smaller particles to 
settle the question of cohesion amongst themselves. 

We must not forget that the “so on ad infinitum’”’ applies 
to Sir John Herschel’s position as well as to my own without 
being the slightest objection to either. Our great scientist 
overlooked the fact, that even if the atoms of a molecule, 
or, as he terms them, the “‘ ultimate atoms of the second 
order,” were in a state of rest, as he appears to think they 
must be ([ am sure-I don’t know why), their being at rest, 
and in contact, though it may account for their not dis- 
persing themselves out in all directions into space, does 
not account for their cohering together with any force at 
all. Explain cohesion how we may, the infinity of the 
divisibility of matter necessarily lands us in a ‘‘soon ad 
infinitum.”’ We do not explain the cohesion of the parts 
of an orange by saying that its two halves exert a cohesive 
force upon each other , the cohesion of the parts of the two 
halves has still to be accounted for. Similarly by endowing 
our molecules with a cohesive force we do not explain the 

hesion of the parts of the molecules. As often as we 





there is nothing to prevent their abdicating their functions as 
a group and flying off in all directions into space. But the 
very fact that they do no such thing affords ample evidence 
of their being subject to some control other than that of 
their own mutual collisions. Rejecting as I do the theory 
of “‘ mutual attractions,’ I here make use of the ethereal 
fluid which according to the undulatory theory of light fills 
all interstellar space, the bursting power of a cubic inch of 
which, supposing it to be contained in an impenetrable vessel 
of an inch in the side, being, according to Herschel himself, 
about 17 billions of pounds ; and it epee allowable 
to assume that whilst etrating with the greatest ease 
the interstitial spaces ol tothe matter, the ethereal fluid 
does not penetrate the molecules themselves, I see no 
reason whatever for having recourse to an inconceivable 
cohesive force, to explain what is already more than sufli- 
ciently explained by ethereal pressure. 

But here arises the difficulty. If the icles of lumini- 
ferous ether exert their pressure upon the surface of each 
molecule, how can we explain the cohesion of the parts of 
each atom of which each molecule is composed? The parts 
of these atoms are (it is said) themselves in vibratory 
motion ‘‘ animated with velocities immense as com 
with their mutual distances ;’’ why do they not ‘‘ abdicate 
their functions as a group and disperse themselves out in 
all directions into space ?”’ 


Now if it were absolutely necessary to regard the ethereal 
fluid which occupies interstellar space as being composed 
of particles of one — size—as being composed of 
ultimate atoms—the difficulties which here us would 


be serious indeed. But we are not compelled so to regard 
it. On the contrary, our difficulties are as usual of our own 
making. The very existence of such a medium per se is an 
impossibility. The particles of luminiferous ether being, 
of course, Clastic, i.e., their parts being in vibratory motion 
and mutual collision, it is evident that the existence of such 
a medium implies that of a medium composed of still more 
minute particles, filling the interstices between the particles 
of luminiferous ether, for otherwise there would be nothing 
to prevent the component parts of the ether particles from 





flying off in all directions into space. Nor can we stop 





make use of our mental miscroscopes in our investigations, 
so often must the ever-recurring explanation be repeated. 
a cohesive force, a cohesive force, and so on—ad infinitum. 

Of course this is no objection to the theory of a cohesive 
force. Neither is it any objection to the theory of cohesion 
by ethereal pressure that we are inevitably driven to the 
assumption of an injinite series of fluids, each of which 
descending series contains smaller particles than its pre- 
decessor. The difference between the theory of cohesive 
force and my own is the difference between an intelligible 
theory and none at all; for by saying that particles of 
— attract each other across a void we explain no- 
thing. 

I shall of course be told that I am endeavouring to make 
the facts conceivable by eng rm | an inconceivability, 
and that ‘“‘ action at a distance,”’ an infinite series of 
ether particles being both inconceivable, both theories stand 
upon the same footing. 

But is thisso? Is there not the test possible differ- 
ence between an inconceivability, which is such simply on 
account of certain limitations to the power of 
thought, and an inconceivability which is inconceivable be- 
cause it is an evident impossibility ?—between a conclusion 
to which we are driven by logically tracing, as I have tried 
to do, the consequences of an axiom (the negation of which 
is inconceivable), viz., ‘‘ matter cannot act where itis not,”’ 
and which is almost inly true, and appears more 
evidently true the more one thinks about it, and an assump- 
tion such as the attraction of a body by its neighbour at a 

ce, by means of nothing w , about which one 
cannot t: at all; which was the great 
Newton as so an absurdity that he thought “‘ no man 
who had in phi hical matters a co’ faculty of 
thinking oval ever fall into it,”” and which, as Faraday 
clearly proved, involves the creation and annihilation of 
force or energy ? 

There are many truths which can be shown to be such 
only in an indirect manner—many facts of which, from the 
very nature of things, we can form only an indirect con- 
ception. There are questions which admit of: only two 
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answers, one of which must be org al the other false, 
and it bap ce we.can payer | Ass 
demo the truth of the aa gag a po 

lieve it to be true, from our ability to prove the absurdity 
and falsity of the other. 

Thus, every one is firmly persuaded that space is positively 
boundless, not because he can prove it to be so—no one can 
even form an idea of infinite s agra because itis so easy 
to show the absurdity of the he only alternative theory. 
Surely no one will maintain that the theory of infinite space 
stands upon the same footing as the theory that there is a 
pene beyond which there is no space—occupied or un- 
occupli 

The infinite extent of matter is another case in point. 
Surely it will not be said that the supposition that the 
highly elastic medium, the vehiele of light and heat, is 
contained in a ‘‘ bounding envelope,” a sort of hollow shell 
in which our snug little universe exists, is as tenable as the 
theory that the ethereal medium is without bounds 3 yet a 
boundless fluid is unthinkable. 

Again, it will, I suppose, not be affirmed that the hypothesis 
that the universe sprang all at_ once into existence out of 
nothing stands upon the same ground as that which asserts 
the eternal duration of the universe, simply because the 
creation of matter out of nothing, and the eternal duration 
of matter, are both inconceivable. Is not one conclusion a 
pure impossibility, the other a logical necessity ? 

Not only do most scientific men hold that matter is infinite 
in extent and eternal in duration, those who, like the 
writer of the ‘‘ Origin of Motion,” and m; elf, regard 
motion as ln and indestructible, hold that matter 
must have always been in motion. Shall we be told that it 
is quite as allowable to maintain that matter suddenly 
started itself into motion from; a state of absolute rest ns it 
is to hold the doctrine of the conservation of energy? Yet 
the eternity of motion is strictly sj inconceivable. 

Turning our thoughts in an opposite direction, we find a 

class of facts analogous to the aboye, and perhaps more 
intimately related to our subject. 

-Thero are, as every one knows, lines in geometry, which 
ate contin’ Hnaelly mgt cing each other, but which never 
pet .-C d any ¢ more inconceivable and yet 
re 

I can divide 1 by 2, the quotient by 2, and this quotient 
by 2, and can continue this process of arithmetical bisection 
with the conviction always unshaken that I could never 
mene the last quotient a mere .0.. Is this not .inconceiy- 


‘It is impossible to think of a portion of space so’ small 
that one cannot think of half of it. This half again admits of 
bisection and rebisection ; never by such a process could 
one arrive at a portion of space which would be without 
extension. True again, and inconceivable. 

As with space so with matter. I can bisect and rebisect 
a oer and mentally continue the process without limit,. 

pe pee convinced that the smallest particle of matter at 
which I might thus arrive would be no nearer being annhi- 
lated than the mass with which I started. 

Now this last fact is the one upon which I wish to insist 
pe wi It is gene | mitted, at least in theory, 

ut although to the poss le divisibility of matter. no 
one, has.,ever a coro 388 to’ set hounds, there is an un- 
fortunate tendency in mind to affirm that 
there is a limit to the etna qninibembes of the particles 
into. which matter is divided, a - tendency to reach -the 
ultimate atom and to reason thus : 

This is the ultimate atom. The elasticity of this atom 
cannot be caused by the motion of its component parts, for 
although it has parts, they are too small to think about, 
too small to be put in motion, too small to be subject to the 
laws of motion, too small to exist separately. "The cohesion 
of the parts of this atom cannot be caused by the im 
of the particles of a fluid external to it because the a 
itself is bo vty. ultimate end of smallness ; no such fluid 


can _possib 
This i is the antiquated notion to which I am opposed. 
assert that it is infinitely more logical to hold, as I do, that, 
however small a particle of matter may. be, it must neces- 
sarily he composed of parts, each of which is quite capable 
of separate existence and idly subject to the laws of 
motion; that it is impossib) to think ‘of.a ote king 
matter so small as to exclude the ) possibility of the 
of an indefinite number of still fpose weit ones ; thet ol the 
existence of one such particle involves that of a fluid or 
medium com of more minute’ , the pressure of 
which upon the surface oe.of the sai Sing is the cause of 


€ cohesion of its parts 
P 
2 ehtebince (00 te 


” Tnstead, therefore, of cles 
qe speak) T Coat 
place them in the middle, and I hol 


I that matter is not 


ether at the ‘extreme end 


only infinitely divisible, but that there is positively no limit | tendene, 


to the minuteness of some of the particles into which it is 
actually divided—a theory which. however inconceivable 
oan ihavealy wap ~ true. - all events; so a 
SEC, | way of escape fromit. is to accept the theo 
ae 
m this q oO 4 al 
eontributor’s treatment: of it: as! unsatisfactory. - 


particles of matter, refu bya 
acute objection of Sir John Herschel 
Ons more remark and I have done. 
that all 
exist at 


Holding, ottobs, 


‘no interstitial 





| on by two upward forces, each=P 


Section rm (Mr. —_ at the last meeting of the —— 
hmedioticn, and w. appeared NGI NG at the 
per, with some  dadule additions ions by its 
an subsequently published in Nature. 
I am, Sir, yours truly, 
Tomas INwoop PoLLARD. 


ae aan 








MR. LONGRIDGE’S LOCOMOTIVE. 
To THE EDITOR OF ENGINEERING. 
Srr,—I trust you will allow me the space to reply to your 
recent remarks on my aay locomotive. 
1. There is not any ty such as you suppose aris 
from the alteration of inclination of the boiler as comp 


with the bogi - ben a change of gradient. There is no need |. 
of any loose tne the ides of the central bogie frame 
in which the « e works. The only effect of a 


change in the relative inelinitaten of the boiler and cee 
is to cause the boiler to slide toa very slight extent back- 
wards or forwards on the rollers behind the firebox and on 
the compensating beams, and this motion it is perfectly free 
to make. 

2. I donot agree with your pbjection. as to what you 
term the whole of the steering of the engine being thrown 
on the central ie. The engine is guided by the flanges 
of the wheels of the lending er e exactly as in any other 
bogie engine. In fact the boiler is steered round the curves 
just as long balks of timber are steered when carried on two 
timber trucks, i.e., by the flanges of the leading wheels, 
the only difference that the boiler cannot move 
transversely on the central truck, but is perfectly free to 
do so on the other two. 

3. I do not wish to continue any discussion on the com- 

arative pores, of the engine shown in my pamphlet, and 

r. Fairlie’s Peruvian engines which were not the engines 
I alluded to when I wrote it. No doubt the, steaming 
porsr of the Peruvian engine , considerably exceeds mine 

t then it weighs 65° tons against mine of Ba ge 1 
could, however, by putting ¢ ton extra bape cons 
wheels give a ‘steaming power quite equal. to ‘hat’ bs the 
Peruvian engines. 

4. I do not think if desirable to maintain a greater 
average cylinder pressure than 80 Ib., and for that reason 
T have given my wa cylinders © of a larger, eteee 
diameter than is us 

5. I come pew § ie ques wn al phe eqacwhir the gear 
ing as regards the ion-of welg, ht on 'the’ odor 
and I think you will rind that I am right in po Ba conan 
that no such injurious effect as you speak of « 














6. Let P be the force of traction aoe by the side rod 
to the crank, Q the force transmi from the other crank. 
p the force transmitted from the tooth c to the tooth d, 


then pc b=P ab cos. a and p=P-— 5 0% a. 


This same force is transmitted lo the tooth e to the 
tooth f. «9 tooth f therefore exerts an upward reaction 


on e=P 2” cos. a. Consequently the frame A B is-acted 
c , 


1 cos. a, which inequi- 
c 


I valent to a single force of P-2? cos. @ acting upwards at C. 


But considering das a Pla the bent lever abc is 
acted on by the force P, the moment of which round ©» is 
P ab cos. a, and this is resisted by the he reaction of the frame 
AB, consequently the frame’ is acted — a downward 


ce | force f such that f.bc=P ab cos. a or f=P * + cos. a, 

In like manner the force Q sehinad to a downward force 
peiisgy eats coi ina ont = Qo” cos. &, and 
if Q=P.we have =f =p= 0 that the. ore oi faa, 

two wen pt an ual downward forces, 


pet hese forces OS aed at distances from the 
centre, they rene kone ee each 7. so that a is no 
y, to move the frame-upwards or down’ 

That this is so is obvious, because the’s: yetem is is: acted | the 
upon only by two forces, namely, = tensions P and Q 
acting in apposite directions, and as both forces are 
horizontal, they cam have no 

uently cannot move the frame vertically. 
evident the frame and the wheels exert no 
— on the axles d their dead weight. 
7. Before ee may. we rere that I have suoooeded 
so arranging the en guking, ¢ t\even on a curve o 
oft, radius there isno.alteration of the pitch centres 
fo ae 8 on: the teeth 


coube 


is 


as as though it were on’ the 
ing of a factory. rn 38 ¢ 


Yours tospecttall; } 
wv. woken 


willingly publish:.Mr- ——— letter as he re- 
quests, but wo must atthe same: the justnces of us erie 
our opinion, no roy justness eriti- 
cisms which we wobines § upon his engine. This we think we 





can a yeeve im: a. few’ , and for convenience we shall 





of the | collision was’ a 










‘an ali the i on of the boiler’ 
the bogie frame, .We ‘will ende 
Mr. Le 8 elie the hind “Ay of the. boiler rests 
=e" Cee eerie 
bogies. the: Ye rie 
centre line of the rm pte sang pod on rails ~ pon 
cise with: ‘pith fe 0 if the 





ght angle 


‘aces are fo Sha ene to work in.g i " 
co bogie e fame es right pot 3 shee h 
ut 1 is ‘ 
holler and the. ataiwal ho gis raiment Bing pte 





through the,action oft a 
awetanes tthe be bor lean Foy Tage ig Ha ahold 
tenn sian oa 
move freely as oe Bien Rhowld, is 
ion, j 


oe = heeihale - 
es ie tone 
ono = ro dace tonag of 


ee SoG A Paves the 
1 ‘or e 
boiler is steered mya curves just Ay = balks of 


two... The pas te 
pryse one case, for it is idan that the.steering of 
round a,curve ean be effected, hy the exertion of 
a transverse forep, and as the boiler is, as tr, Longridge 
sta py oe y te mee more anevrayon the fon and 
The fact is that hay only tthe 


Seca het 
al of we eg 3 Fey: 


cea over. ail, and, 
curves of 


eee 
Seana 





ie 


sate 
pad hal we we ee 
, that “J Y cert ota 
pete y ave than 80]b. in ae pliner 
ressure is, however, anite nation 


a roel 
ine where steep gradients have to be mea and where 


“fo @) sad In dealing with gearin, . Long 
, an ith the o 
; has unfortunately complicated the stbfict ‘unneces- 
soatliy and he has moreover been led into errors. In tho 
there is no occasion to refer to the pressures at 
af iktubalty apcotding bo Fe "proper tion gre oh 
vary in intensity acco’ he p n ven 
fae: but ar they may he they are Gountenacted 
yee oe — and in no way affect-the point 
makes the force Q 


be che ate if the 


under discussion. "Mr. Tongs 
ounalt to the force pe oriie woul 
eels on the’ axles b athe waste 


the forée hie be oAs 
four. —_ intel 
Assumi: eels: apes See, 
pero tang the ou. ba a mag Se fee the £ 
as the w on 
top ony. ; ihe 
0 Fn Bf 
consequent ang Hino | of : leo the 
quate Needed i PRS. coe. 2 this being the measure 


gb 
of the rotative foves iciparted to the axle prhen ts ati 






are in the shown if 
pa ae acl whee ye tees all posi “the: :, the 
srl ofthe mek Sloe set ap oy a 
considers the ean a 4. t Poly 
by the exertion of @ verll wertical foren at" that ot tation ‘coal 
ean ae eke 8 By pegs ea 
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THE THREE-CYLINDER ROLLING MILL 
ENGINE. 


To THE Eprror or ENGINEERING. 
Srz,—Mr. Head’s criticisms on the above in your last 
issue seem to call for some reply. In the first place I would 
remark that the maximum : _of = Anew ner | a 

minute was not fixed upon with a view practi 
of i ine, but was determined by the of 
rolls required. I believe, however, Mr. Head w find 
considerable advan if the stroke of his ine were in- 
creased to 18 in. or 20 in., and the number revolutions 
diminished in proportion. High speed in itself is 
not . B. —_ -_ ae is oO —— — 
the collateral advantage o arising its use. r. 
Head’s o ion to the increased size e due to 


speed, expansive 
engines, but notwi 





could apply equally to 
ithetanding their increased size and cost, 
such engines carry all before them where economy of steam 
is the main obj When the Cyclops engine was about to 
, it was a question whether a comparativel 
i ald be used in connexion wit 


} seme engine should be adopted, 
riving the rolls direct. _—-, very wisely in my 
view, adopted the latter, and the three cylinder engine as so 
applied is, I believe, a novelty. It is in the facility afforded 
by this type of engine for direct action that its main advan- 
tage lies, and in fact this is the oo merit in nearly all its 
applications. No one boy ¥ should imagine, rash 


h to argue that the linder type of engi 
paeamate all the essentials of a ected prime coven, bus 
what is lost in one way, is mach more t compensated 


for in other ways. Mr. Head’s criticisms have originated 
to some extent from misconception as to what has really 
been claimed for the engine under discussion. As to the 


dead centres, Mr. Head assumes that the steam is admitted diagra: 


the wae — and draws usions _ 
favourable to the three-cylinder engine as compared with a 
ir of coupled engines of i construction. In the 
clops ine, the steam is cut off at half-stroke, and Mr. 
Head is right in his objection to the statement of their 
being no dead centres if he regards an inability to start in 
position of the crank with a 


for com 


iven distribution of steam 
as bei uivalent to having a dead centre. On such a 
definition all coupled engines have dead centres if the ex- 
pansion is far enough. The i 
once started, however, the steam in the cylind 
cut-off carries the crank forward over the 
by Mr. Head as dead centres, and the di 
steam taken in connexion with the angles of 
, is approximately shown in 


T | 





























Average effective pressure 42.27 Ib. 


The horizontal line here represents the path of the 
‘rank-pin, — the eee yet os ive 
sressures produce rotati hroughout revolution. 
Che diagram bears vut , I think, the statement that 
vhere is no dead centre in this engine. 

Mr. Head overrates the influence of the want of cushion 
at the inward ends of the strokes of the pi The effect 
of the motion of the crank is to absorb the momentum of the 

i . i ines the cushion- 
ing is required chiefly direction of 
the strain at each end of the stroke, while in the three- 
cylinder engine 


truly, 
E. B. En.rneron. 


Hydraulic Engineering Company, Chester, May 10, 1876. 
QUEENSLAND CoaL.—A sample of coal obtained from an 





outcrop at Bowen, » has been sent down to be 
tested at the Rockham Gas Works. It was obtained 
at a depth of 16ft., for surface ceal it looks very well. 





said to be at an end on the Continent. Thus 

the last few weeks the Thy-le-Chitean Works have con- 

eluded contracts for 4000 tons of iron rails for Holland, 

3000 tons for Switzerland, and 3000 tons for the South 

Italian Railway Company. Upon the whole, however, the 

exports of iron rails from qn saee ener CEN, 
two months of this year to 
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APPARATUS FOR DRAWING SLIDE VALVE DIAGRAMS. 


















































SLIDE VALVE DIAGRAMS. 
To THe EpiTor oF ENGINEERING. 
lication f oe std valve diagrams 
Plicat or slide valve . engraving 
one-sixth the size of the instrument used. It is fixed to the 
slide jacket and consists of a 
straight line with 


of which isin a 


the guide, a block slides 
of the barrel is by the same co 
the cylinder diagram, and therefore the same length o 
ram is taken in both cases. 
cilis given by a gab lever attached to the slide rod. 
, ae a wy a 
marks on the guide, corres to t 
the slide valve when fis at the tary 
steam, top and bottom, also 
and shutting of the exhaust when opposite to the mark c. 


Fé 


diagram 
out, and the 


and lines 


> 


P. and 
42, St. George’s-road, 8.E., April 19, 1876. 


drawn across as shown 
points of cut-off of the steam, also the points of release and 
ression in the exhaust. 
has the advantage of 
ide valve at any point in 
length of each being the same; it also gives the maximum 
opening of the ports at 
Ban Meng aes mes in the 
when the engines were 
tions. The marks on the are 
jacket is open in harbour, and any alteration 
of the slide valve on the rod is adjusted by shifting the clamp 
carrying the gab pin on the slide rod. 
I am, Sir, yours 

















you a sketch showing an a 


ide supporting an indicator, 
oh rit the slide rod. In 
a pencil; the movement 
as that used for taki 


The movement of the 


block when joie to the 
e@ position of 
point of opening to admit 


corres} to the opening 


1% 














» giving the 


iving the exact position 

the cylinder diagram, the 
position of the sink. 

are copies of some taken 

ing a mean speed of 55 revolu- 

placed when the slide 

of the position 


J. — 
O. 8. N. Company. 





DOUBLE-SCREW TUG-BOATS. 











ON THE STRENGTH AND FRACTURE OF 
CAST IRON, 
To THE EprTor oF ENGINEERING. 

Sr1r,—Will you kindly allow me space in your columns 
for a few remarks on the phenomena attending the fracture 
of cast-iron bars, described by Mr. W. J. Millar in a paper 
read before the Institution of Shipbuilders in Scotland, 
and of which an account ap; in your last issue. 
Referring to Table No. 1 and Fig. 2 in Mr. Millar’s paper 
it will be seen that when a bar broke in the centre the line 
of fracture was straight, but that if fracture took place at 
a point removed from the centre it invariably assumed a 
curved form in the direction of the centre of the bar. In 
what follows I will endeavour to show the connexion 
between the fracture removed from the centre and its 
curved form. 


° 

















bres in the ion ad fe will have weakened them. 
Now this injury to their resisting power will increase from 
1 away ag that is, ayer Sky ” longer be so 
strong as at «, consequently as the line of rupture passes 
upwards it will diverge from the straight line df in order 
to follow the weaker fibres. Having advanced as far as 
the point g in the origi pecllien of the neutral axis, it 
will still continue to diverge towards the centre of the bar, 
following the line of fibres in which compression has been 
c= test, thus describing thecurve gh. Referring to Fig. 2 
o! 3 § 


Mr. Millar’s it will be seen that the mce 
from the vertical d c is not so t below the neu axis 
as aboveit. This I think mag bo scsoumted for by the fact 


that the injury caused to the fibres by the bending of the 
bar before rupture increases in the portion a de/f in one 
direction only, viz., from d f towards ae, diminishing from 
a d towards ef, whilst in the portion befc it increases 
both from e f towards 6 c and from f c towards 


eb. 
I am yours . 
May 9, 1876. ye B.C. 


Lonpon ASSOCIATION OF FOoREMEN ENGINEERS AND 
aaa the Bocioty of Aste Pane voy S th r ia 
al on e 6th, le 

} ety Newton, A.I.C.E., in the pb Among the 
on this occasion were Mr. 











May 12, 1876.] 


ENGINEERING. 


389 


a’ 





SELF-LANDING AND SELF-DELIVERING HOIST. 
CONSTRUCTED BY MESSRS. JOHN BARKER AND SONS, LIMITED, ENGINEERS, OLDHAM. 
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WE give above, engravings of a very handy form of hoist 
for warehouses, &c., which has been patented by the makers, 
Messrs. Jchn Barker and Sons, Limited, of the Park-street 
Iron Works, Oldham. The special feature of the hoist is, 
that it not merely lifts the goods, but traverses them in- 
wards and lands them on the floor of the warehouse, or, on 
the other hand, lifts them from that floor and traverses them 
outwards ready for lowering, while the motions are all con- 
trolled by one handle. 

Referring to our engravings, it will be seen that the hoist 
consists of a girder of J section hung from the roof of the 
warehouse, and projecting out through the doorway as 
shown. On the lower flange of this girder runs a small 
carriage provided with pulleys, over which the hoisting 
rope is passed, as shown in our upper figure. To this car- 
riage is attached an endless chain, which passes over a pulley 
at the outer end of the girder, and also around a chain 
wheel fixed on a shaft which we shall, for convenience, term 
the traverse motion shaft. According as this shaft is turned 
one way or the other, the carriage is run outwards or in- 
wards along the girder. 

The hoisting rope is led to a drum on a second shaft, 
which we shall call the hpisting shaft, this shaft having one 
end resting on a bearing fixed to the frame of the hoist, 
while the other end runs in a bearing formed in a bell crank 
lever, having its fulcrum on the hoist frame. By raising 
the outer end of this lever, a friction pulley on the hoisting 
shaft is brought into contact with a smaller pulley on a 
third shaft, which we may term the driving shaft, and as 
the shaft is driven continuously by a belt, the contact of the 
two pulleys gives motion to the hoisting shaft, and causes 
the load to be lifted. On the other hand, the depression of 
the outer end of the bell crank lever just mentioned brings 
the two frietion pulleys out of contact, and leaves the load 
free to run down, its lowering being, however, capable of 
being controlled by a further depression of the outer end of 
the lever, which brings the pulley on the hoisting shaft into 
contact with a fixed brake block. The raising or lowering 
of the outer arm of the bell crank lever is effected by a 
chain, which is led off to an arm on an upright shaft fixed 
at the side of the warehouse doorway. By means of a 

conveniently placed this shaft can be turned, the act 


of turning it controlling the or as 
we have explained. The arrangement san bo ebliny feat 
out from our engravings. 





We have now to speak of the traversing movement. The- 



































traverse motion shaft, as we have called it, is mounted at 
one end in a fixed bearing, and at the other on a bear- 
ing formed in the end of a lever, the outer end of which 
can be pulled upwards or downwards by chains connected 
with it. These chains are led off to the handle we have 
already mentioned as being situated by the side of the ware- 
house doorway, the arrangement being such that by lifting, 
or forcing down, this handle, the.end of the traverse motion 
shaft, which is carried by the lever just mentioned, is raised 
or lowered as the case may be. Besides the chain wheel, the 
traverse motion shaft carries, near its end mounted on the 
lever-bearing, a pulley, around which and a correspond- 
ingly placed smaller pulley on the driving shaft, a belt 
passes loosely. If now the traverse motion shaft be lifted, 
this‘belt is tightened, and the traverse motion shaft receives 
motion in one direction. If, on the other hand, the traverse 
motion shaft be lowered, the belt is loosened, and motion 
ceases to be transmitted, while a further depression brings the 
pulley on the traverse motion shaft into frictional contact with 
the pulley on the driving shaft, and thus causes the former 
shaft to be driven in the opposite direction to that in which 
it rotated when receiving motion h the belt. The 
rotation of the traverse motion shaft in either direction is 
thus provided for in a very neat and simple way, the direc- 
tion of rotation of the traverse motion shaft, and conse- 
quently the running inwards or outwards of the carriage on 
the girder, being controlled by the upward or downward 
movement of the handle, which, by its horizontal move- 
ment, controls the hoisting or lowering of the load. The 
whole arrangement is a very handy one, and is very neatly 
carried out. 





WATER-TUBE BOILERS. 
To Taz EprTror oF ENGINEERING. 

Srz,—I am obliged ‘to for the insertion of m 
previews respecting yater-tube boilers, and with 
ee era og 

un ° 
“fi to Mr. Cochrane for his kind 


nee. T am also obliged » 

Senibletecldie ped eR ster lnbe be Bh ~ 
80 

information—and I shall not fail to avail m, toy 


Sees area ats me 


is that the performance can te considered com- 
pletely satisfactory. |So much depends on the constructi 
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are not 


details and probably also in the req 
tube sare i made with taper tubes, 
like the loway, -would give the best steaming results 
and be much more durable for the following reasons : 


1. The inclined arrangement makes the course of the 
steam from the lowest tubes, which undoubted! 


han from the 
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be freer 
Cot illistrations given by you, it chads ts 
é illustrations given you, it ap 
me a wonder that any one should try on 39 large and costly 
a scale a design so deficient in citculating and other neces- 
sary qualities as the boilers of the Montana, of which, if I 
remember rightly, Messrs. Palmer did not claim the credit 
or otherwise, and with all due respect to Messrs. Rowans 
(and I believe that much credit is due to them for their per- 
severance in advocating the use of high-pressure steam 
before such a step was th 
I can hardly think 
an example of what a wa’ 
sketch appears to consist 
much pitehforked together 
of them in as convenient and without any other considera- 

n. 

The Root is the only one illustrated which does away 
entirely with all ordinary boiler work, and on this ac- 
count would be commen: if the end caps could be so 
aommmeen s0ee Ge iver andere 29 the steam drum above ; 
as the boiler stands at present, the steam from the lower 
tubes has to keep dodgi round corners and struggle against 
currents in the other tubes in a way that must be rather 
bothering to itself. Although Mr. Cochrane has found plenty 
of circulation in his land boilers, probably for the reason 
pointed out in the paper—plenty of surface and easy firing 
—it is clear that for marine pu it has been practically 
a failure on account of want of circulation. I must say that 
I do not thoroughly understand how the screwed joints in 
this boiler have withstood so much better than the more 
aa, and apparently superior joints of the Howard 

er. 

I am very glad to read of the success of Mr. Watt’s boiler, 
as it bears out the opinion of it I expressed in my former 
letter. I fully believe with Mr. Flannery that it is caused 
entirely by the free escape of the steam, and the thorough 
separation of conflicting currrents of water and steam ; it 
was this fact that influenced me in my idea of its capabilities 
alohg time ago. I only wish it was arranged in such a way 
as to do completely away with boiler work. 

I conclusion, I must beg to thank Mr. for having 
brought forward the subject so ably and so , and also 
you, Sir, for having reproduced the paper, and trusting that 
you will not forget the ing article on the subject, to 
which I think I may consider you pledged, as you have said 
nothing to the contrary, 

I remain, Sir, yours faithfully, =e 


ing of the tubes; I fancy the vertical tubes would 





To THe EprTror or ENGINEERING. 

Srr,—Great interest attaches to your report of Mr. 
Fortescue Flannery’s able paper upon water-tube boilers, 
as read before the Institute of Naval Architects, wherein 
he describes various systems newly introduced for marine 
use. Asso large an amount of attention is now concen- 
trated upon a safer, higher pressure, and less bulky steam 
| omen than those generally employed, for it is feared 

wever much we may shirk the question, there is extant 
an uneasy feeling that some of the ing steamers have 
succumbed to boiler explosions, and it is becoming neces- 
sary that no exertion should be lost to secure a steam 
generating arrangement that will reduce to a minimum the 
risk of such fearful calamities ; therefore it is most desir- 
able-for pablie safety that so all -im a i 
should be brought to the front, and it.should be more 
clearly known: what. water-tube boilers have hitherto 

the 


wal 
appears from Mr. that. 
more especially alludes to i that have under- 


tis, 
Malta, and the Birkenhead 
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arrangement for ending by her pieces being taken down 
hatch , there reason in the to the 
practical mind that this sjatent nrest soobee Posy ro foree 


its band as @ marine steam generator when properly handled 
int i : ‘a Rit faz 


Now, Sir, I cannot but think, notwithstanding the many 
competing interests that exist, and not wishing to write 
one aoa 4 unkindly of any particular system, the main 
object paramount to all steam one is, combined with 
economy and efficiency, public safety. 

lam, Sir, your obedient servant, 
A User or THE Roor Steam BoILer. 


THE DISCHARGE OF FLUIDS FROM 
NOZZLES. 
To THE EDITOR oF ENGINEERING. 

Srr,—In your number for April the 7th is given the 
paper read by Mr. Napier, before the Philosophical Socie 
of Glasgow, which appears to me one of the clearest an 
most valuable contributions to the science of hydraulics I 
have yet seen. 

In this pa he gives a description ‘“‘of the original 
method of {deducing the theoretical discharge” from an 
orifice in the bottom of a cistern, which is supposed to prove 
that the fluid will issue with the same velocity, as would be 
— by a body falling through the height over the 
orifice. To me, however, this aoe seems to prove that 
it will only issue with half that velocity, and that thus the 
momentum of the issuing fluid would be the same as would 
be genenchied by the pressure due to the head, as I shall 
endeavour to show. 

AH (eee figure page 287) of height } is supposed to de- 

see e 287) of height h is sw e- 
scend by its own pan ah Now the time it will take to fall 
through the height h—that is until it has all passed through 


=, and the mean velocity through the 

h 

orifice is thus 2 = N and this is just half the 
g 

velocity (n/29h uired by a heavy body falling through 

the height h. earn ty 


Of course, on this supposition there would be no vena 
contracta, and the stream lines would all be perpendicular 
to the plane of the orifice. 

I regret, however, to see that Mr. Napier, in his letter 
published on the 28th of April, has fallen into a serious 
error in endeavouring to disprove Mr. Donaldson’s suppo- 
sition, that part of the increase of the velocity from the 
orifice to the vena can be accounted for by the change of 








the orifice—is 


direction of the stream lines, in fact he seems to igen the | years 
the resolved 


effect of change of direction in changi 
of the velocity in a given direction, by saying, as he does, 
that pressure is the only cause we know of to change 
velocity. 

Mr. Napier’s argument assumes that at the points A and 
B (see figure page 342) and for half the area of the orifice 
round the edge, the direction of the stream lines is parallel 
toACandBD. Now this is certainly not the case, as the 
stream is known to issue in a curve which passes the points 
A and B at a very small angle to the bottom of the cistern, 
and then turns sharply round ; only touching the nozale at 
the points A, B, O; and D. . Ido not thinkthat theshape.of 
this curve is accurately known under varying relations of 
head to diameter of orifice ; but. the m of the stream 
lines at A and B would i 


stream passes A 

be nearer the truth than Mr. Na 

in this case the mean velocity at A B in a direction perpen- 
vessel would be 85: that at 


dicular to the bottom of the 
Yours ile, 
Ww. Suaw. 


CD, a very material di 
“ HEAD’S PATENT PRIME MOVER.” 
To THE Eprror oF ENGINEERING. 


Cork, May 10, 1876. 





i assertion ina 
former letter from which I di , but a of one 
part of the statement advanced, while I hope to be able to 
show that he is mistaken as to the other part. Let us see 
what he has to. sayin support of his claim that a compound 
engine can be tengo and less i 
Head’s engine.’ He abolishes two cyli valves, both 
turned, and one , a portion of its , two valve 
opinion oat ee: one valve chest 9in. in diameter 
(from scale) bored out for a total length of about 16 in., 
also one eccentric with strap and connexions, and 3 
one ebay e - the a + etnaaied 
pressure cyli , say, 10'in. K 20 im, one m al 

Tog, and picten vod cba , two slide valves, two valve 
spindles and glands, ides two valve chests and covers. 
I think there is little doubt which preponderates, addition 
or subtraction. 


in itself, no small disadvan 
mired to 

I id ger 

” offers me 


says is 
without 






licated than Mr, | di 


fuel and uniformity of motion to the most refined single 
PNbw, Sit, when t fotha thal Brimus”” this week re- 


ted the above statement, and, moreover, advises me to 
‘search and find,” réferred as I usually do for information 
to one of your back volumes. The first that came to hand 
was vol. xiv., and in two succeeding numbers (for July 12 
and 19) I found proof that a com ing marine 
engine, not very crude in design, did actually burn more 
coal than a little non-condensing ble engine, the con- 
sumption being 2.4lb. per indicated horse power per hour 
and 2.351b., and the makers names Escher Wyn and Co. 
and the i Works . As to uniformity 
of motion ‘‘ Erimus’’ says that ‘eantiot admit the 
application of the term perfect to this case.” Probably in 
oe sense the term eo peaemesee 22 7 ene, but I 

ve myself seen single-cylinder e running s0 eve’ 
that neither by sight, sound, or onal neither in the pane 
itself nor the machines driven, could any irregularity be 
perceived, and for all practical purposes I think such 
my A is perfect. 

The Allen engine exhibited at Paris nine years back by 
Whitworth was one example of what can be done with a 
single cylinder by a skilful designer, and if ‘‘ Erimus”’ likes 
to search I doubt not that he will be find another. As to 
my assuming an air-pump and condenser as part of his 
compound engine, if he looks at my letter he will see that 
the assumption is ifie a “‘probably,’’ and I think I 
was justified thus far by the fact that the immense majority 
of compound engines are condensing. 

‘* Erimus’’ does _ ~ = a im te descend from 
my imaginary elevation, but only suggests my making two 
somewhat less leaps to the earth, both of which are to be 
performed at the same time, for the admission in both his 
cylinders is simultaneous ; and the ent is, for a 
compound engine, the most precursive he could adopt, 
although of course not so much so as a single-cylinder 

ine of the same power would be, for I agree with 
‘‘Erimus” that the compound system is one eminentl 
favourable to smooth running, and also to economy of fuel, 
and that a compound ine will, if well constructed, 
despite of its additional cyli and valve, in most cases 
prove the cheaper engine in the long run ; but I regard as 
monstrous the statement that a crude compound engine, 
merely because it is a compound engine, must be more 
economical in fuel and more smooth in motion than the 
most refined single-cylinder engine, merely because the 
latter is a single-cylinder pop and also that however 
carefully the latter is made and designed it can never attain 
a regular and uniform motion. 

If there are still engineers who do not understand the 
heat trap action, there is no excuse for them, as the matter 
was fully explained in former numbers of your paper some 
‘‘ Erimus” refers to meas an unbeliever, but I can assure 
him that it is as much through a wish to do justice to 
compound engines as to ask for it for Mr. Head, that I 
make these remarks, for I consider that the compound 
system is much less likely to suffer from ope ng 
than from such injudicious advocates as ‘‘ Erimus.”’ 
Trusting you will pardon the length of this letter, 


I am, Sir, yours faithfully, 
London, May 6, 1876. E. C. RB 
NOTES FROM CLEVELAND. AND THE 
NORTHERN -COUNTIES. 


MippiEessrouGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was only 








an orange. attendance on ’Change, at Middlesbrough. 

Very little business. transacted.. Prices. were lower than 

they were last week,, No. 3. Cleye ig being quoted 

46s. 6d. ton, and the other qualities a one 

rates. ‘ This is not a matter for surprise Me eg bigs . 
e 


tion of the pig-iron trade is considered.” ‘T j 
Tronmasters” Association returns for April show that out of 
158 blast furnaces only 114 are in operation, 44 being idle. 
There are five new furnaces im course of erection: It is 
confident! i i 
nig iron will further decline, and 
months wil ore any material. improvement. will 
take place in this. great industry. 
_ The —— ro ee shareholders in er 
iron works in 0 England are ‘sadly perplexed a 
yaseant, aatagide the -continued and prevailing de- 
pression. W. the ad works are carried on in con- 
nexion with blast furnaces, ironstone pines, nd ope) 2 
there is a hope that with the end of the year there will be 
iv ,. but where finished iron works are to 
conducted without the Valuable afd of the raw materi 
supplied to them at cost price there is little chance of 
any {prob being made for months 'to ‘come. ‘' Heavy es- 
tabli 5 a Ceetee eeet ae oe 
mm : managers week after 
week: t will be ‘able to. secure axtlera which will set 
the whole works in full swing. Trade is. worse now than 
it has been for many years, and it is apprehended that very 
serious ¢ mences will ensue unless there is an improve- 
ment ynext few months, , ' 
Shipbuilding and. Engineering.—There is. nothing 
ially. new. to report 4 thes ipbuilding and engineering 
tras of! the, North WP ipeslanl, Most.onlen wes te 
The Coal and Coke Trades.—No change has taken place 
since last week with regard to fuel. 
H.M.S. Touwrmaline.—To-day H.M.8. Tourmaline, built 
ator Sheacnees ‘Tha vessel bas hen speanised con: 
siderably wifhin he coptragk time. 
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Hons likely to be useful to the members and to the community at 


rge. 
THE METEOROLOGICAL SOcIETY.—At the Institution of Civil 
on Wednesday, the 17th inst, at 7.p.ms, the following 
papers will be read: ‘Remarks on the present Condition of Mari- 
time Meteorology,” by Robett H. Scott, F.R.S. Mean 
Fem age 3 ba day = awe ‘BA sOn the’ — 
rom to 4 laisher, % Meteoro 
of BosaSexpore, Tichoot or 1875,” by O. Pearson’ FMS, 
“ New Wind Ohart,” by Lieut.-00l.G. B. Bulger, F.B.G.S. 





THE PHILADELPHIA EXHIBITION, 

We beg to announce that. Mr, James DRedGe is 
now at Philadelphia, and that communications relating 
to the International Centennial Ewhibition may be 
yy 2 to him at the-*Continental’-Hotel, at ‘that 

ity. ' 
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— mp eee ed a IN INDIA. 
more determined and léss informed. opponents 
of narrow gauge railways haye never te nor 
do they now seruple, to represent or mis-represent 
the course adop by the Indian Government in 
altering the gauge of the Indus Valley and Peshawur 
or “frontier lines” as implying.’ condemnation of 
narrow gauge system in, its entirety, s0 
far as India is concerned, Indeed, an allusion. to 
the c of for the aboye lines, in a 


recent article in the Zimes, has b iaken by some 
critiés as evidence that the celebrated ‘metre 
gauge” State ro have"not given ‘satisfaction; ' 
and that“thé’ rails: aré'to bé taken “up ‘; 


to the § ft. im. br nortial 


7 ae8 gion of. the Indian~ Goverdment ‘some. half; 


| advantages, onl 


dering : nD WS, d 
Parliament, and, rally, jek such action in the premises a8. 
to stich nieeting ESF nee Calculated to'give ah fupaibe to irtven-* 


“] mischieyous, and jt cannot therefore be too emphati- 


cally denied. We have reason ‘to “know that the’ 
-dozeh years ago to adopt a narrow gaugé. for the} 
-“ State Railways” has, been entirely justified by thé 
“results, and that nothing is further from. their‘in- 
tentions, now they have had the advantage of the 
experiénce of constructing and working many 
hundreds of miles of narrow gauge railways, than-to 
abandon the system and revert to the original costly 
inconyenient.5 ft. 6 a as SS Oo 
It.is true that one af Lord Salisbury’s ‘earliest 
official, acts” as Secretary of State for India was to 
'decree the reversion of the previous decision to con~' 
struct. the. Indus Valley Railway on the~-metré 
gauge. ., It is true also that his lordship decided that 
the line between Lahore and Peshawur should ‘be 
constructed on the standard gauge of 5 ft. 6in,, “ if’ 
considerations derived from the advanced: state of 
the works” should not, in the opinion of the Viceroy, 
make this eourse inexpedient. ~ It'is true that: as. 
goon gs the decision to alter the gauge for the Indus, 
Valley Railway was known in India, steps were 
taken for giving effect to it,” and that ‘by a reso- 
lution passed by the Governor-General in Council 
on the 3rd August, 1874, it was decided that the 
Punjab Northern Railway (Laliore and Peshawur) 
should be constructed on the 5 ft. 6 in. gauge, light 
rails being used, and certain works being so executed 
in the first instance as to be capable of being sub- 
sequently strengthened and made uniform in, all 
respects with the Indus Valley line.”* It is nof true, 
however, that the grounds for this reversal of the ori- 
ginal decision were afforded by new facts elicited or 
unexpected disadvantages experienced in the practical 
working of the metre gauge lines; nor is it to be 
assumed that the Indian Government, after mature 
consideration and consultation with eminent home 
engineers, deliberately accepted the narrow gauge 
system as offering important financial and practical 
to throw it over upon the first 
slight pressure from without, as a question of but 
little practical moment after all. ' 
"The sole reason for the reversal of their decision 
in the solitary instance of the ‘‘ frontier lines” -was 
the attachment of geater weight to the political and 
military objections, urged: from the first, to the 
break of gauge which would be the n con- 


;| sequence of the adoption of the metre gauge in this 


instance, Any saving in first cost and subsequent 
working was considered to be perfectly immaterial 
in comparison with imperial interests, and’ it was 
considered by the military authorities that under 
certain remote contingencies these might suffer if a 
break of gauge occurred at Lahore. It-should be 
not be forgotten by those who make use. of this 
change of decision on the part of the Indian Govern- 
ment as. an argument against narrow gauge rail- 
ways, that the course finally adopted by the Govern- 
ment is pepaiely in accordance with the .recommen- 
dations of Mr. Fowler, whose advice they’ sought 
in 1870, previous to coming to their first decision to 
adopt the metre gauge for the Indus Valley and 
Peshawur lines, In his report to the Secretary of 
State for India Mr. Fowler observes; ‘ Although 
I feél no hesitation as to the best gauge to recom- 


"| mend for the narrow. gauge railways:in India 


wherever it is thought proper, on a full considera- 
tion of all the circumstances, to adopt a second 
gauge, I confess toa difficulty in advising as to 
its application or non-application in the particular 
case of the Indus Valley, where so large a proportion 
of the whole work has already been carried out on 
the standard gauge,” If no railways had been con- 
structed in the Indus Valley, Mr. Fowler would 


line, since ‘the financial saving] would have been 
accomplished with a very small amount of incon- 
venience,” but taking things as they were, the ne- 
cesssity of laying a third rail between Mooltan and 
Lahore, a distance of 214 miles, of altering the 
existing line between Kurrachee and Kotree, and 
of providing an extra supply of narrow gauge 
stock for military contingencies, Mr, Fowler felt no 
hesitation in advising . that.the standard gauge 
should be retained, since the ‘+ cost of working and 
maintenance will (in the peculiar case of the Indus 
yoler) be less, the commercial convenience for 
through traffic will be greater, and in the event of 
political emergencies it cannot be doubted that 
uniformity of gauge for the railways near the Indian 
frontier is a matter of very considerable impor- 
tance. ; ; 


have been inclined to recommend a narrow. gauge | any 


That Mr. Fowler fully appreciated the economy 
and efficiency of the aatiatiioos tte 
less exceptional conditions, “is jently evident 
from the fact that almost contemporaneously with 
this report, to..the, Indian Government, against the 
adoption of the principle in ‘the ‘instance-of the 
frontier lines, he advised the Khedive to‘ cot 
the praposed 500 or 600 miles ‘of railway inthe 
Soudan upon the 3 ft, 6in: ; a 

first ‘the: Indian 


It is clear then that from t 


| Government, swayed - pee the conflicting 


opinions of ‘their civil and’ bay “adviser eee! 
ibited much -vacillation’ in respéct of these frontier 
lines, although no question has ever’ heen raisétt'as 
to great advantages of the“narrow gauge forall: 
other State railways in India: “It is noless certain 
that the final decision to adopt the normal oes 
5 ft. 6 in. for the Indus ~Valleyand Peshawar es 
was .based entirely. upon Imperial ‘considérations, 
and had'nothing whatever ta do with the question 
of narrow versus broad gauge per sé. If conclusions 
arrived ‘at the “bases “of ‘state policy and 
military contingencies are to be taken as precedents 
applicable to. tig nt f commercial’ ‘cases, -we'‘may 

ortly expect to fird ‘some learned professor de- 
monstrating the incapacity of our shipbuilders, be- 
cause they continue to build iron ships for the mer- 
cantile marine of }in. plates, although plates’ of 
twenty times that thickness are now voted ‘too thin 
by the chief constructor of Her Majesty's Navy. 
Such an illogical jumble ‘of facts and ‘deductions 
would be entirely in harmony with many of the 
arguments of the detractors of narrow gauge rail- 


ways. 

it has even been attempted to draw inferences 
adverse to the narrow gauge from a comparison of 
the traffic 'receipts.on different lines ! What a con- 
clusive argument these gentlemen would would 
have had if the Great Indian Peninsula had only 
been on the metre gauge. That railway is precisely 
similar, as regards gauge and length, to the main 
line of the East Indian, that is to say both lines 
are on the 5 ft. 6in. gauge and 1280 miles long. 
The gross poe ma cop in 1874 on each was about 
1,100,000/., but the net receipts on what might 
have been a narrow gauge line was only 755,000/. 
as compared with 2,062,000/. on the other line of 
equal length. The East Indian expended 6.66d. 
per train mile in maintenance and renewal of way 
and works, the Great Indian Peninsula 16.42d., 
whilst the cost of locomotive power on each line 
respectively was 10.63d. and 23.53d. Had there 
been a difference of gauge how much of this excess 
of cost would some theorists have attributed to the 
smaller diameter of wheels or the narrow gauge? 
The latter point has been seriously urged as an im- 
portant set-off against the smaller first cost of a 
narrow gauge line, We would refer those interested 
in the subject’ to a Table in one of our articles on 
Urban Railways,* in which the coal consumption 

r ton per mile in remote and recent times is set 
orth. One pound of coal per mile in a’ good loco- 
motive. will maintain an average tractive force of 
100 1b., and consequently if we know the con- 
sumption per ton per mile in pounds we also know 
the effective mean tractive force or mean friction 
per ton, since it -will be one hundred times the coal 
consumption. Glancing now at the Table previously 
refetted to-and multiplying the last column by 100, 
we find that the mean ‘effective friction per ton—in- 
cluding brakes and all other sources of loss— 
averaged 18 lb. in the. instance of some one thou- 
sand million train-mile tons on the Great Northern 
Railway, and amounts ranging from 11 Ib. to 23 Ib. 
in other instances. It is ‘obvious, therefore, that 
increase ‘of frictional resistance which could 
result from the smaller wheels of ordinary narrow 
gauge stock would affect the tractive force far less 
than might at first sight be supposed. An increase 
of 25 per cent. in the journal friction would be only 
I lb. per ton, which we now see would be an increase 
of J,th only in the average tractive force on the 
Great Northern Railway. Hence, even without 
making any allowance for lighter stock, the appa+ 
rent disadvantage of smaller wheels becomes utterly 
inappreciable in the total traffic charges. Reducing 
it to a money value, and expressing the theoretical 
increase in thousandths of a penny per ton per mile; 
it will be seen that within practical limits the 
diameter of wheel may be introduced into gauge dis- 
cussions about as wisely and usefully as the uniform 
of the railway staff, or any other trifling detail which 
lying on the surface engrosses at once the atten- 
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THE STRENGTH OF BOILERS. 








our number for March 24th 
lication of the details of these ts asa 
tting addition to the works written by Sir William 
Fairbairn, the founder of that Association, than 
whom no one would have been more ready ‘to 
welcome the results obtained. Viewing these ex- 
periments, and Mr. Fletcher's able exposition of them 
as in some ee & umous ter of Fair- 
bairn’s ‘‘ Useful Information,” it may be instructive 
to compare the princi; of boiler strength now 
enunciated by the chief engineer of the Manchester 
Steam Users’ Association with those so ably advo- 
cated by Sir William Fairbairn, and which are to-day 
professedly the groundwork of all boiler construc- 
tion in every country. 

** Useful Information for Engineers,” first series, 
contains Mr. Fairbairn’s report on the Rochdale ex- 
plosion, wherein he recommends the formation of 
an Association for the prevention of steam boiler ex- 

losions, and such an Association was accordingly 
instituted in January, 1555, and it still exists as the 
Manchester Steam Users’ Association. The principles 
of boiler strength given in the volume just men- 
tioned are therefore presumably those at first 
adopted by the new Association. Quoting from the 
fourth edition, corrected, date 1864, page 52 : ‘ Every 
description of boiler used in manufactories, or on 
board of steamers, should, in my opinion, be con- 
structed to a bursting pressure of 400 Ib. to 500 Ib. 
on the square inch; and locomotive engine boilers, 
which are subjected to a much severer duty, toa 
bursting pressure of 700 Ib. to 8001b.” All through 
Fairbairn’s writings on boiler strength we have it re- 
peated that every boiler should be constructed to 
a bursting pressure not less than 450 lb. on the 
square inch. For what working pressure is this 
bursting strength intended? At page 55 he says, 
“All these accidents might be prevented, and 
instead of using steam which we now do in our 
manufactories at a pressure of 5 lb, to 20 Ib. on the 
square inch, we might with equal safety use it, and 
enjoy the advantage of its superior economy at 60 Ib. 
6n the square inch.” Here then we find that for the 
then common pressure of 20 Ib. per square inch in 
steamers and in manufactories Mr. Fairbairn ad- 
vocates a bursting strength of at least 400 Ib. per 
uare inch, that is, a factor of 20. At 81 he gives 
a less margin ; he is there defining the very least he 
would consider could be safely worked with in- 
telligent supervision ; he says: ‘‘ It would be a matter 
of paramount importance to the public, if men com- 
bining the greatest practical skill with the highest 
scientific attainments would direct their attention to 
the subject, and give to the public such security in the 
construction of boilers, as to insure them capable 
of bearing, under the most unfavourable circum- 
stances, at least six dimes their working pressure.” 

To have still a factor of safety of siz under the 
most unfavourable circumstances requires, of course, 
m higher factor of construction, for which the calcu- 

tion supposes eve: to come fairly up to its 
proper portion of pre i and that the Aa Rochen 
ship and material are in every respect perfection. 

Collateral with these statements by Fairbairn, 
we find that Fairbairn’s principles have been ac- 
cepted as, at least, a calculated factor of safety 
equal to eighé to allow for this factor of siz under the 
most unfavourable circumstances, ‘This is stated by 
Rankine in ‘ Applied Mechanics,” year 1858, at 

e297. ‘The proper factor of safety is eight, as 
or other parts of oilers.” This is no doubt in ac- 
cordance with Mr. Fairbairn’s opinion as to what 
should be the factor of safety, allowing for deterio- 
ration and imperfections, In Rankine’s “ Marine 
Steam Engineering,” in “Shipbuilding,” at 
291, he says: -‘ For cylindri boiter shells, the 
factor of safety is from 6 to 8,” and ‘as the burst- 
ing pressure should be six times the working pres- 
sure, the testing pressure should be between twice 
and three times the working pressure.” 

To understand this we must distinguish between 
the calculated factor of safety and the ratio of 
the bursting pressure to the working pressure. It 
seems to be considered that to insure the latter 
ratio shall not exceed six, -‘ under the most unfa-. 
vourable circumstances,” the calculated factor of 
safety of the construction should be not less than 
eight. In these remarks we are not giving our own 





thoughts on the subject, but merely what appears 
to te have been the position of the question in 
the minds of these two eminent engineers, Fair- 
bairn and Rankine. 

In our notice last week of the discussion that 
followed the reading of Mr. Fletcher's at the 
recent meeting of the Institution of Mechanical En- 
gineers last week, we observed that Mr. Fletcher 
stated that ‘‘In the absence of more complete experi- 
ments he thought the present partial ones were ample 
justification for — system of calculation 
of boiler shells, which he has for a long time adopted, 
viz., making the factor of safety 4, and calculating 
each joint separately, not making any allowance for 
breaking joints, &c., as has been commonly done in 
a somewhat uncertain way.” In recording the ad- 
vancement of engineering knowledge we are here 
brought face to face wi big step that has 


a very 
been taken ‘‘a long time since” by the chief en- | req 


ineer of the Manchester Steam Users’ Association. 
fe would be interesting to know whether Sir 
William Fairbairn took this step forward at the 
same time as Mr. Fletcher, or whether he ever took 
it at all. The alteration amounts to nearly 
doubling the samy | pressure in all boilers con- 
structed according to Fairbairn’s professed opinions 
of safety, Such an advancement deserves more 
than a mere statement of having been adopted a 
long time by those whose practice has been the ac- 
cepted precedent for prudent manufacturers. It 
would have been much more satisfactory to have had 
Fairbairn’s own statement to the public, that 
whereas he had all along publicly advocated that 
boilers even at 20 pounds working pressure ought 
to be made for a bursting pressure not less than 400 
pounds, and that under the most unfavourable cir- 
cumstances there ought to be at least a factor of siz 
between the pressure which the boiler would ac- 
tually burst at and the working pressure, he had 
now from the experience of the Manchester Steam 
Users’ Association become convinced that a factor 
equal to 4, neglecting the crossing of the seams, 
was practically an ample margin of safety; or that 
a boiler calculated to burst at 320 lbs., is what can 
safely be employed for a working pressure of 
75 1b. on the square inch, 

We do not Object to the new and more confident 
view of boiler strength; we think, however, that 
the change in the opinions held by the Manchester 
school of | boiler designers ought to be made more 
patent to all concerned, and therefore we write now 
to draw attention »6 the fact. We hope that the 
boiler inspectors of the different associations will 
either adopt the new principles of strength, and so 
promote reasonable uniformity of practice, or that 
those who object to do so will at once give their 
reasons for holding back. 

The new factor is given as four, neglecting the 
crossing of the seams and other minor considerations. 
The value of these will depend in a great measure 
upon the breadth of the plates, and will be about 
the same for plates of about the same thickness in 
similarly constructed boilers. In Fairbairn’s system 
of calculation, the boiler shell with plates of about 
the same thickness as the experimental boiler—viz., 
yx in.—was taken as being, on the whole, stronger 
than the mere seam by one-fourth of the difference 
between the strength of the seam, per se, and the 
strength of the solid plate. The strength of the 
plate at the seam is, in the experimental boiler, 67 


per cent. on the straight; 67 + 100-1153 per 


cent. We have therefore, Le nearly, as 


the factor, including the same proportion of addi- 
tional stren for the crossing of the seams as is 
allowed in Fairbairn’s calculations, We have there- 
fore 4} virtually substituted for 8, because the 4} is 
taking the most favourable circumstances, not “ the 
most unfavourable,” as Fairbairn has it, for the ‘‘ at 
least siz.” The boiler actuall 
or at, mn 4} times the inten 


viz., 751 
It is principally with reference to marine boilers 
that the pro; decrease of the factor will be 
ay | an increase of 
g the 


Laos way at 310 Ib., 
working pressure, 


conside as perhaps autho 


workin, ure. Comparin above with a 
marine boller 12 ft. diameter, made of } in, plates, 
and passed for 62} 1b. on the square inch working 
pressure, we may learn what is the amount of dis- 
crepancy between the sanctioned res at sea 
and those sanctioned by the careful experiments of 
the chief engineer of the Manchester Steam Users’ 
Association. 


In the above example we find that the thickness 


of the ep age ge rete © parts of an 
inch divided by the diameter in feet gives the 
pressure allowed, neglecting the decimal points or 
multiplying by 1000. 
<= 0625 or 62} lb. pressure. 

In the imental boiler we have a plate ,, in. — 

4375, the diameter of the boller is 7 ha "4 
4875 _.9625 or 624 Ib 


7 

We have, therefore, this result that the pressure 
allowed proportionately to the section of the shell 
is in the marine boiler 62}1b. for a boiler that if of 
Ys in. plates, and only 7ft. in diameter would be 
allowed 75 lb. as a land boiler by the Manchester 
Steam Users’ Association. 
In the discussion it was stated that to get the 
uired pressure, marine boilers were now made 
1} in. and even 1,4, in. thick, and that such plates 
made boilers proportionately weaker than if of 
thinner plates. There is no doubt some truth in 
this statement, and if so the pressures allowed 
should be something less than ss peng wn to the 
thickness of the plates when these are doubled or 
trebled in thickness. In the marine boiler we have 
cited as an — of present practice, the pressure 
allowed is directly La yey to the thickness of 
the plates, and inversely as the diameter of the shell, 
and if the strength of the land boiler is calculated 
by the same rule, the one boiler should have the 
same pressure as the other, But the land boiler 
which is of y,in. plates is really allowed 75 lb., 
while the marine boiler, which is of 2 in. plates, 
is allowed 6241b. The land boiler is not sliowed 
a steam chest; the marine boiler referred to is also 
without a steam chest. We have taken the first 
marine boiler that came to our hand because 
it is not an old one, and because, accidentally, it 
coincides so exactly with the experimental boiler. 
Looking at the result of this experiment in boiler 
bursting and giving due weight to all that Mr. 
Fletcher has so ably set before us, and to the im- 
pression we have that very thick plates do not give 
P ionately as much steength in boiler shells 
as thin ones do, we cannot see that the working 
pressure of marine boilers of the very best con- 
struction can safely be allowed to be more than is 
obtained by dividing 1000 times the thickness in 
inches of the plate of the shell by the inside dia- 
meter of the boiler in feet, which is exactly the 
pressure allowed in the marine boiler referred to. 

There is another principle of strength of boilers 
that is connected with the name of Fairbairn, the 
collapsing pressure of circular flues. The formula 
given by Fairbairn for practical purposes is P= 

2 

806,300 a where C is the thickness of the 


a an -* the a of re flue in inches, 
e length in feet, an @ CO: ing pressure. 
The experiments from which this roomate law was 
deduced by Sir William Fairbairn and for which he 
has so deservedly received so much praise, were 22 
in number. ——s the constant in the above 
formula in the Table he has given of the detailed 
results of these experiments, we find that the follow- 
ing are the constants agreeing with the individual ex- 


periments : 

510,540? 508,300 450,000 356,900 
510,540 ? 502,900 447,080 640,500 
510,540 ? 474,600 428,100 370,900 
468,700 474,600 446,100 535,100 
444,680 510,540 353,790 
465,100 421,800 405,600 

22) 10,236,910 





465,314 

Bat Mr, Fairbairn gave it not as 465,314 but as 
806,300, or 71 cent, more than his own experi- 
ment gave on the average. 

The explanation of this, what shall we call it?— 
mistake? made by Fairbairn, tacitly adopted by 
engineers since 1858, when the experiments were 
descri in the Transactions of the Royal 
Society, is a very simple one. Fairbairn’s ex- 
periments were principally made with very thin 
tubes, 19 of the 22 experiments were on tubes only 
.043 in, in thickness. In giving up the .19 of the 
2.19 power which he gave as the exact result, he 
virtually altered the pressure by a multiplier equal 
to .043°°, which happens to be equal to .55. The 
liberty taken with the fractional of the index 
amounted in 19 of the 22 to substituting 
100 for 55. This seems to have first detected 





by the Board of Trade engineers, and in this 
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rhaps may the discrepancy between their|think that the present practice of filing a provi-| tions ever placed under one roof in this country, or 
rule oa that hitherto in use as Fairbairn’s practical | sional specification with the application and a final | indeed anywhere else. ‘ 
formula be accounted for. specification at the end of six months should be re-| The Exhibition, which is to be ed to the 


We had intended while speaking of the strength 
of boilers to have had something to say respecting 
the proportions of rivetted joints, and the relative 
eifect of punched and drilled holes ; but the demands 
upon our space forbid us to now enter into these 

uestions, and we must therefore leave them for 
Tecussion in our next number. 





THE PATENT BILL. 

WE are not sorry to see that the tide of petitions 
inst this Bill is setting strongly in the direction 
of the House of Commons. Petitions have already 
been presented from the Faculty of Procurators of 
Glasgow, the Philosophical Society of Glasgow, the 
Associated Engineers of Sheffield, the Sheffield 
Trades Council, the Inventors of Glasgow, the 
Mansfield Trades Council, the Bury Trades Council, 
and the Oldham Trades Council. Petitions similar 
to that from Mansfield have also been presented by 
the Graduates’ Section of the Institution of En- 
gineers and Shipbuilders in Scotland, by the Staley- 
bridge Trades Council, and by the Manchester and 
Salford Trades Council, while others have been sent 
in by the Leeds Trades Council, the Birkenhead 

Trades Council, and the Wigan Trades Council. 

The Glasgow Procurators approve of the main 
provisons of the Bill as being “ well calculated both 
to protect the public against useless or uncalled 
for monopolies, and to secure to inventors really 
pew and valuable inventions.” They are further of 
opinion that certain forms of procedure laid down in 
the Bill should be extended to Scotland, particularly 
the clause which requires that in an action for in- 
fringement the plaintiff shall state in detail the par- 
ticulars of the alleged breaches, and that the de- 
fendant shall do the same with regard to the par- 
ticulars of his objections, and that neither party 
shall be permitted at the trial to travel beyond these. 
They approve of Clause 40, which gives 
power to the court to make an order for inspection 
not only of the works of the ies to the suit, but 
also of the works of third parties, where, . for 
example, it may beaverred that prior user has taken 
place. They pray for the extension to Scotland of 
the powers of the judge to obtain the assistance of 
an expert at the trial of patent cases. 

The petition of the Glasgow Philosophical Society, 
which is signed by Sir William Thomson, F.R.S., is 
of considerable length, and sets forth that although 
the present Bill is a considerable improvement upon 
that of 1875, it does not meet the wants of the 
nation as it now stands. The Society pro that 
the number of examiners should not be limited, and 
that they should be possessed of “scientific and 
technical” instead of ‘‘legal or scientific’ know- 
ledge. It is suggested that in the first instance 
the applicant should only deposit a provisional 
specification, instead of a complete specification as 
provided by the Bill, and that the reference to an 
examiner at that stage should be optional on the 
part of the applicant, Notice to proceed should 
be accompanied by the filing of a complete specifica- 
tion which should be referred to an examiner, but 
the question of ‘‘ frivolity” should not be gone into. 
The report should bear the examiner's signature. 
The time for hearing oppositions should be just 
prior to sealing, and the only ground of opposition 
should be fraud. In that case the petitioner should 
be allowed access to the specification and reports, on 
satisfying the Lord Chancellor that he has reason- 
able grounds of opposition. If the request for 
sealing be not made within the prescribed time the 
specification should be returned to the applicant. 
If the patent is sealed the specification and relative 
documents and reports should then be made public 
but not otherwise. The duration of a patent should 
be 21 years, and the periodical stamp duties should 
be payable at the end of the seventh and four- 
teenth years respectively from the date of the 
patent, instead of as now at the end of the third 
and seventh years, It is p that the fees 
payable by the applicant and patentee should not 
exceed the half of those now levied. 

The petitions from Mansfield, Bury, and Oldham, 
are substantially the same. The petitioners are of 

inion that the Bill contains so many obstacles to 
the grant of patents and imposes so many restric- 
tions and conditions upon tees, that inventors of 
small means could never hope to obtain protection 
in this country, and that the Bill would therefore 
retard the industrial pro; of the nation and 
prove detrimental to all classes of the people, They 


tained, and that there should be no inquiry as to 
the “ frivolity” of an invention. Where a complete 
ification is not filed the provisional tion 
ould be returned to the applicant. The examin- 
ing staff should not be limited in number, and the 
examiners should report to the applicant the result 
of their examinafion and search, and that he alone 
should decide whether he will proceed with his ap- 
plication, notwithstanding any adverse re on the 
question of novelty, No opposition to the grant of 
a patent is to be allowed at{any stage especially 
upon open documents, as such a course would in- 
evitably lead to constant litigation. All patents 
should run for twenty-one years and the total duty 
payable should not exceed 10/. It is also 
to omit the clause which compels a patentee to put 
his invention into practice and to grant licenses, on 
pain of forfeiture of his patent. 

Speaking generally, these are the very changes 
which we have all along been advocating, although 
we do not pledge ourselves to every detail. e 
Lord Chancellor seems determined to insist upon 
preliminary examination ; but if he were only to be 
persuaded to make it optional, so to speak, or rather 
to make the examiners an advisory body, he will be 
able to save his honour, and inventors will be 
satisfied. The facilities for opposition ate much too 
great in the Bill as it stands, and the ‘‘ notices to 
proceed” are more numerous than is necessary. 

We have received from Mr. Edmund Hunt, of 
Glasgow, a copy of his ‘ Observations on the 
Patents for Inventions Bill,'1876.” The pamphlet 
is a le y one, and contains some very valuable 
suggestions, but one of the objectionable features 
which he insists upon has now disappeared from the 
Bill, With regard to the examiners, Mr. Hunt 
thinks that they need not have “legal” knowledge, 
and he very pertinently points out that legal ques- 
tions arising with respect to applications for patents 
may very well be left to the law officers. He 
attaches great importance to the publication of the 
examiners’ reports, as by that means they will be 
made “‘ valuable to the public, instead of confining 
their utility in each case to a single inventor- 


applicant.” He is a strong advocate for the provi- 
sion that ‘‘ the rts be annexed to and shall 
always go with the specification.” There is how- 


ever something to be said on the other side, and Mr. 
Hunt admits ‘ that a section of the mechanical press 
has written much against such a clause, but in a very 
feeble and illogical manner.” We do not admit the 
soft impeachment contained in the latter part of the 
uotation, Much of the ground traversed by Mr. 
unt has already been gone over by us more than 
once, so that we need not do so in. 
Mr. Dillwyn has given notice of his intention to 
move the rejection of the Bill on its second reading. 





THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 

Ir is now nearly a year and a half since the offi- 
cial approval of the Lords of the Committee of 
Council on Education was given to the proposal that 
a Loan Collection of Scientific Apparatus should be 
formed at South Kensington. A large Committee of 
over a hundred and thirty gentlemen was formed at 
the time to carry the scheme into execution, amon 

its members being Lord Aberdare, Lord Alfre 

Churchill, Lord Hampton, Lord Lindsay, Lord 
Rayleigh, Lord Rosse, Sir G. B. Airy, Sir J. Hawk- 
shaw, Sir J. P. Kay-Shuttleworth, Sir J. Whitworth, 
Professors Adams, Ball, Clifton, Foster, Frankland, 
Goodeve, Guthrie, Huxley, Lankester, Clerk Max- 
well, Percy, Ramsay, Roscoe, Sanderson, Shelley, 
Balfour, Stewart, Tait, Tyndall, Unwin, and Wil- 
liamson, Captain Abney, Dr. C ter, Dr. 
Hooker, Right Hon. Lyon Playfair, Dr. Pole, Major 
Seddon, Dr. Siemens, Dr. Stone, Major-General 
Strachey, Lieutenant -Colonel Strange, Colonel 
Stuart Wortley, Messrs. Bramwell, Brassey, Lati- 
mer Clark, , a pe Rue, T. E, Hecriew Hy 
Hawksley, Huggins, Norman Lockyer, Merrifield, 
Mundella, Scott Russell, Spottiswoode, G. 
Stephenson, Bennett Woodcroft, and many others, 
This Committee, and the sub-committees formed 
from it, determined the classification lager 
took the necessary steps to give publicity to the 
scheme, and received and. considered eneaens 
for space from intending exhibitors. eir work 
is now at an end, and resulted in the bring- 








ing together of one of the most interesting collec- 


R. | models of machines and j 





public on Monday after the Queen and the Empress 
of Germany have visited it to-morrow, differs in 
many from former International Exhibitions. 
It is a show intended, not for competition, but for 
instruction ; juries and are conspicuous by 
their absence from it. e@ consequence of this, 
and also, no doubt, of the care exercised by the 
committees of selection, has been that the number 
of objects sent merely as advertisements has been 
reduced te a minimum. Some there certainly are, 
but these are very few in number in comparison with 
what we are accustomed to see at exhibitions, and 
in comparison also with the number of really good 
and useful exhibits, Then, in the next place, the 
objects are arranged in classes, and not according to 
countries, The effect of this is, of course, greatly 
to increase the usefulness of the Exhibition, by 
facilitating to the utmost the comparison, whether 
scientific or historic, of different forms of the same 
or similar ap us, Our Government has under- 
taken the transport of the whole of the exhibits free 
of all charge to the exhibitor, and we have no doubt 
succeeded on this account in obtaining the loan of 
many objects of the greatest interest which would 
never otherwise have found their way into this 
country, 

The meaning attached to the expression ‘‘scientific 
apparatus” by the Committee has been very broad. 
It covers not only apparatus for scientific research. 
and for the teaching of science, but also any appa- 
ratus or objects in any way connected with these, 
whether as representing in themselves results ob- 
tained in the laboratory or lecture-room, or as being 
instruments used in the arts, the employment of 
wh‘ch involves the use of scientific processes. In 
addition to all these—which it will be seen cover a 
good deal of ground—it has been one of the great 
endeavours of the Committee from the first to obtain 
objects of historical as well as of present interest, 
and this endeavour has resulted most successfully. 
To many the historical part of the collection wil 
doubtless be the most interesting part of the whole, 
and to all it will be a source of + additional in- 
terest. Nota few institutions a and at home 
have been found willing, under the circumstances, to 
send objects of the greatest value which might 
otherwise never have been seen beyond their own 
limited collections, and as a result, we can now com. 
pare together in one room the simple and imperfect 
apparatus used by the earliest and perhaps greatest 
experimenters with the perfect and complex instru- 
ments which are now at the disposal of p aech every 
student in the laboratory. ° : 

The Exhibition is divided into five general sec- 
jr aa ee gr a ae ee ee 
mistry, Physi eography, ogy, &c., and Bio- 
logy. These, ieneven’ po further subdivided, BO 
that the catalogue contains about twenty principal 
subdivisions. ‘These are—(1) Arithmetic, (2) Geo- 
metry, 3} Measurement, (4) Kinematics and Dy- 
namics, tS Molecular Physics, (6) Sound, m Light, 
(8) Heat, (9) Magnetism, (10) Electricity, (11) As- 
brat (12) Applied Mechanics, (13) Chemistry, 
(4) eteorology, (15) Geography, (16) Geology 
and Mining, (17) Mineralogy, Crystallography, &c., 
(18) Biology, an Co) Educational appliances. The 
separation of the different exhibits into their proper 
classes has obviously been a work of no little diffi- 
culty ; Section 19 especially seems to contain objects 
belonging to all the other classes, and it is cult 
in many cases to recognise the principle upon which 
a model or piece of apparatus has been put in the 
Educational Section rather than under Applied Me- 
chanics, Physics, or Kinematics. It seems to us 
rather a pity that Section 19 should have been iso- 
lated at all, but the classified index attached to the 
catalogue makes it generally easy to find under 
which head any particular object has been placed if 
the exhibitor’s name be known. 

The term “applied mechanics” is used in the 
Kensington sense, and not in that more a 
used by scientific writers, and covers generally 
the machinery exhibited, as well as drawings and 
of machines for use in 
teaching. It is therefore in some respects the 
section in whith our readers may be supposed to 
feel the most ial interest, This interest will be 


excited rather by what is old than by what is new 
in it, however, as will be seen when we are able to 
8 more in detail as to its contents, 

The success of the Exhibition as a whole—its 
excellence and magnitude, that is, as a collection of 
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sciéntific apparatus—is greatly due to\ the -energy 
with rohigha Som gentlemen have pushed the matter 
at. bome.and abroad, and devoted their time to the 
arrangement of the objects as they arrived. Mr, 
Philip C. Owen, must be mentioned, among these— 
we heard long ago from Berlin that, bis agitation of 
the,matter there and elsewhere had borne good fruit 
—and certainly for.a time it looked almost.as if the 
whole Exhibition were: to be. a German one, the 
German cases strewing the floor in all. directions lon 
before apything like a correspovding number. o 
English ones become visible. Professor Shelley 
and others have been doing much to interest engineers 
in this eonntry in the matter, while Mr. Norman 
Lockyer, Professors Foster and Guthrie, Mr. Iselin, 
Dr: Sanderson, and a;good many others, have borne 
the bruut of the labour of arrangement of the 4000 
or 5000 objects catalogued. 

The Exhibition itself is held in a portion of the 
galleries belonging to the Commissioners forthe Ex; 
hibition of 1851 upon the southern and western 
sides.of. the. Horticultural Gardens ; these rooms are 
light and_pleasant. and excellently adapted for their 

urpos They can be entered either from the 
Extitstion-road. (opposite.the entrance to the Science 
Schools), or from Prince .Albert-road, at the north. 
west,corner of the buildings. Admission is obtained 
on the same termsas to the museum, in which, indeed, 
it was originally intended to have placed the whole 
collection, namely, free on Mondays, Tuesdays, and 
Saturdays, and on payment of sixpence on other 


days. ' 

it is intended to hold conferences in one of the 
Jargest rooms set apart for that purpose, at which the 
nature and uses of different exhibits may be de- 
scribed by those prey conversant with them. 

We shall in subsequent articles. describe the prin- 
cipal. objects of interest to our readers in the Ex- 
hibition to give some idea, however, of one class 
only of its contents, we may simply enumerate some 
of the historical exhibits which are of special im- 

ortance, Besides the ‘‘ Rocket,” ‘‘ Pufling Billy,” 

ramah’s origival hydraulic press, the ‘*‘ Comet” 
engine, and other things brought over from their 
usual places at the Patent. Museum, there is also 
Newcomen’s original model of his. engine, a large 
collection of Watt’s own models, Papin’s large un- 
finished cylinder (1699), Sterling’s model of his air 
engine, a model of the link motion made by W. 
Howe in 1842; a bar lathe of Watt's, Symington's 
engine made for Mr, Miller and used by him on 
the lake at Dalswinton (1788), (‘‘ the parent engine 
of steam navigation”), and the origival model of the pre- 
sent Eddystone lighthouse. In other sections are to 
be found the original air pump and Magdeburg hemis- 
spheres of Otto von Guerike, portions of the traces 
by which the horses weré attached to one of the 
hemispheres being still left; a stereoscope made by 
Sir D. Brewster (the inventor of the instrument) : 
a_*thunder-house” made. by Priestly ; the original 
apparatus with which Faraday obtained the magneto- 
electric spark ; a number of instruments of Galileo 
and bis successors ; an astrolabe of Sir Francis Drake, 
and other old instruments of the kind; the appa- 
ratus uséd by Dalton in his researches; the appa- 
ratus used by Dr. Joule in ascertaining the on ig 
nical equivalent of heat; Black’s' pneumatic trough ; 
a collection of instruments used by the Ordnance 
Survey, including the compensation bars used to 
measure the Salisbury Plain and Lough Foyle 
bases, Ramsden’s 36-in. theodo!ite, &c. 

The mere mention of these names, and we. cannot 
here give more, is enough to show the immense 
number of objects of interest which there are in the 
exhibition, which no doubt our readers will speedily 
take opportunities of seeing for themselves. 

The conferences which have been arranged in con- 
nexion with the Exhibition promise to be of very 
considerable interest, It is understood that the 
papers read are to be mostly descriptive of the 
objects exhibited, either by the exhibitors, or by 
gentlemen specially conversant with the subject. 
Those, thedetore, who desire to tac fall benefit 
of the Exhibition would do’ well to be present at 
such of.the conferences as concern the matters in 
which they are interested ; the meetings will be 
held in a large room in thé centre of the galleries, 
which has been set Bo for the purpose. We 
give on page 395 particdlars of the arrangements 
which have so far been made fn connexion with these 


conferences. 
{TEST to Deventer $i 





PHE MERCHANT SHIPPING eed 
‘Tue Merchant Shipping Bill ‘has at last 
through Committee of the House of Commons, and 
no further hope remains of its being made a satis+ 
factory ebente or of its restoring, wi vena the 
security to shipping property, an e 8 v: 
prea laws, Ri for so long been banished 
from them, } 
It is true the Bill has to be reported and pass its 
third reading in the. Mouse of Commons, ‘before 
which time. certain-new clauses will be moved {“and 
afterwards it has to pass the House of* Lords, ‘but 
no-one cah now sériously suppose that having Font 
so far as it has it will fail to pass with most if no 
all of its-imperfections on its head. j 
It- is Jamentable to think that im a maritime 
country like ours thé shipping laws should have been 
allowed to get into Such a muddle as they are‘in at 
present, and if ij still more disheartening’ to se¢ 
that every attempt to improve them only tends to 
make-confusion worse confounded.’ The amount of 
valuable time wasted over this wretched Bill, and 
the frequent éxhibitions of incompetence displayed 
by the minister in’ charge ‘of it, must go far to 
injure the Government with the country. It'is always 
unpleasant to use strong language or to see it used ini 
referencd to the conduct of public men, but really the 
President, of the Board of Trade; by his conduct of 
this measure, has fairly laid himself’ open ‘to’ the 
contempt and ridicule’so freely bestowed upon him 
during the last few weeks by some of our contempo- 
raries. Some very ugly terms contd also be applied 
with perfect justice to the means adopted by some 
honourable members in support of the Bill, but for 
the present we may let them pass. ‘So long'as'the 
President of the Board of Trade is surrounded by 
the advisers which at present environ him in and 
out of Parliament, he will never see the practical: re, 
uirements of the mercantile marine. ‘That'is certain, 
nd until some member of. Parliament possersing 
more coolness and judgment than Mr.’ Plimsoll 
commands, and with equal ability devotes himself to 
the task of investigating the matter fully, and_of en+ 
lightening the House of Commons on it,’ there ap- 
pears little rospect of our commercial marine falling 
upon much Pannier days. 
We pointed our last week that the four main points 
on which legislation has been strongly demanded 
have been left almost untouched. Can it be wondered 
at. then that Mr. Plimsoll should have announced hig 
dissatisfaction with the measure, and his intention to 
continue his agitation in the country? Much as we 
may deplore such agitation, as ‘tending to drive 
capital out of the trade, we eannot expect it to cease 
when the main issues have been avoided. A Bill con- 
taining such absurdities as the “‘ owner's: load line,” 
and the “deck cargo clauses,” cannot possibly form 
a part of our permanent legislation. They could 
never have passed through Committee had the 
opposition to the Bill been judiciously led; and’ if 
the practical working of such silly clauses had 
been properly exposed, even in spite of the majority 
the Government commands on adivision. As it was, 
what with the confused explanations given by Sir 
Charles Adderley, supplemented by explanations 
entirely different and equally confused by Sir John, 
Holker, and followed by desultory conversation( 
emanating from both sides of the Speaker, the House 
night after night presented a spectacle of bewilder- 
ment seldom seen, and from which- nothing’ but ‘a 
arty whip, or a postponement of the matter on 
and, administered by the Chancellor of the Exche-; 
quer, seemed able to extricate it; A brief glance 
over the clauses of the Bill will show to any one 
how much and how little has been achieved. 
The Bill had origivally 32-clauses.. Of these the 
first two were merely-nominal.. The next two—the 
3rd and 4th clauses of the Bill—refer to the liability 
of owners, and contrary. to the legal customs of the 
country, submits them. to the chance of- having 
any day to stand in the dock charged with a erime, 
and of having to submit to a cross-examination on 
oath by practised counsel; in order to. establish 
their own innocence ofa crime they are merely 
suspected of. Clauses to 11 inclusive, grant enor, 
mous powers to the Board of- Trade, and sanction 
the formation of a vast and expensive surveying 
organisation, to exterid all round our coasts, and’ to 
become a burden on and a terror to the: mercantile 
marine: To have sat quiet, and allowed those clauses 
to pass without the most earnest protest and the 
most determined opposition is—not to put too fine 
@ point upon it—one of the blindest pieces of folly: 
on the part of the shipowners of this country that 
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they have been guilty of within our recollection, - 


- However, they wilt thémselveg have: to feet -the 
evil effectsof it; and were'ipnotfor the fact:that 
the whole country is more or léssinterested inthe 
paeees of Le = ae arine, Pee tee ey be 
tempted’ to congratu t upon ' i got 
their’ deserts-in fall-aud rather een Ws vom thee 
reminded ‘recently-by-a'contemporary that: there is 
reline oenuiiepabanceciranar being unable to 
unite,’ Pat fe Saidh their iaterestscare.not 
always in common. We° thést coufess owe = never 


before eaw this : ‘exempt e tied asin the gulf 
which divides: Gatittie toscahe at ishipowners > a 
tbody from their: sed interests as‘represented by 
a few. of those shipowners who have seats in the 
;ttonse of Commons; or buzz about the offices:of the 
Board of Pradeo vies i o8% act ied 

The ordinary British sbi ythe man ef trade, 
whose heart is.in his business and in-his ships, wants 
to have-nothing to do-with icriminallaw courts:;: he 
has an instinctivehorror of the bare thaught-of being 
owes thexiock as-a:erittinal.: ‘He dies his best to 

eep his ships ia d order dnd-well found; and: he 
does inot care: wha::comes: to» examine: thems A 
‘stirvey>by ‘some impartial authority is! a source of 
coinfert:to him, andvrelieves his mind. .: [i confirms 
+ his own! judgment, or else héopicks up; as. he often 
does; a: Wrinkle forthis future guidance!’ But::to 
threaten liim with penalties and ‘criminal: charges, is 
to ‘hang over his fread ’an instrument: of torture 
which 4s constamt-souree of worry and annoyance 
to him; and of-no-earthly use asanassistance:to:him, 
‘oras a check upon him. It:tends tombake him -dis- 
gusted. withshipowning, and makes hini lose-interest 
inhisships; We are notsure it will not frighten'many 
“ofthe faint-hearted, and entice the unscrupulous out 
of going near’ their ships: at adt;so>that-im case of 
accident blamecan be! shifted from them on to: the 
agents or employés; and if! the owners ican produce, 
as some soon will, a few letters well stadded: with 
directions: to itheir overlookers: ‘to «exercise: care, 
caution, due wegard to: safety,  &c they: will be 
found of the greatest.service atsuchja pinch, The 
agent or -overlooker: is -of course) more or less 
powerless, because. his ‘situation, and perhaps: his 
livelihood; depends entirely) upon ‘his: suiting the 
purpose: of -his employer. vt oneman does not: like 
toi bear the brunt: of! it another can; soon be. found 
who will, and the temptation the law will holdout 
to shipowners ietmemploy memof the latter stamp. 
‘| Itchas been constantly, urged by some that.com- 
pulsory survey would bear hard —_ small ship- 
owners, while: responsibility and isk of ‘prosecu- 
tion will just suit: them) »Nothing ‘can be further 
from — —_ a and men of: erate 
means, dread law above. all things, but. they easily 
fall im nwith «reasonable restrictions: . It is ‘the big 
men, the: bold men, whether wealthy or passing as 
such,’ who hate -vestricfions; however 
and; who. icry :oué for ibility, | k 
it-can never: be brought home:to them. It -is the 
men who never see their ships, who | ps ‘would 
not know them if a ‘to see them, that are 
londest in the cry, ‘‘ Leave everything to the ship- 
owner ; he-is the only man who knows his ship and 
knows what shecan do.” ‘They have had their way, 
however, once more, and the mass. of hard-work- 
ing and less obtrusive. shipowners will have for a 
time to pay the penalty of allowing their interests to 
be misrepresented at a critical period :by a. few.irre- 
pressible individuals having aims -and »sympathies 
entirely distinet from their own. . 
) The die was practically cast. when they allowed 
the clauses which are to-call into heing a vast array 
of detaining officers, surveyors, assessors, judges, 
&e., to pass unchallenged. scan 

To. an ordinary shipowner, ‘what. afterall is a 
moderate restriction as to! :the «stowage: .of, grain 
cargoes, or deck. cargoes, or evenyas to the lead-line, 
or the survey of unclassed ships, that. he should 
fight about it and strive against. it with might and 
main, and. through good. reportand: evil report? 
We say that it is nothing-to. him whatever, and 
that -his energies’ have been. entirely misdirected. 
While he ought to have been fighting the substance 
of a ion he has been. fighting the shadow. 
And in the mean time. chains have been gradually 
forging which he will find it:impossible to shake 
off Imfuture, whatever port udtis vessel. goes into 
im this country, he will haye Board. of Trade officials 
prowling about trying to find an.exeuse for.stopping 
the ship at:all times.and. in all places...Eyen now, 
owing to the temporary Act of:last year, if.a vessel 
touches the ground, or strikes a pier, or meets with 
a small mishap, and the owner voluntarily places 





her under repairs, an embargo is placed upon her, 
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she is reported as a defective vessel, she has to be] 
formally released, and henceforth her name. appears | 


on an official list as a ship that has stopped by 
the Board of Trade from going to sea in an unsea- 


worthy or defective condition. In fatt, it'amounts’ 


to this, that if an owner is caught having repairs 
done to his ship, he is reported, and his ship be- 
comes numbered among the delinquents, Sir Charles 
Adderley, on Monday night, to gain a point and 
to prove to the House of Commons that classifica- 
tion was no criterion of safety, said he had a list 
of vessels detained by the Board of Trade officers 
for defects in hull and machinery, and that many 
of them were classed at Lloyd's. 

Would any one suppose from the use he made of 
this list that classed ships, which are in port under- 
going slight repairs to machinery or any other re- 
pairs voluntarily undertaken, are pounced upon if 
seen and stuck into this list as detained ships, 
whereas in their case no detention in the accepted 
sense of the term bas ever taken place? We will 
go further, and ask is it honest or fair to the House 
of Commons to mislead it in the way indicated 
above? We could mention scores of ships that 
have been treated in this way, and if the present 
practice is to prevail it will be the lot of every 
shipowner sooner or-later to figure on this black 
list of detained ships, unless they take the pre- 
caution of having the repairs done abroad instead 
of in this country. In future an owner will never 
be able to count upon his vessel sailing upon any 

articular day, It will depend upon whether the 

oard of Trade surveyor will let her go or not. It 
will depend in a great measure, especially in small 
ports, whether the owner can depend upon the 
friendly intentions of the man to whom unlimited 
power and discretion over the sailing of the ship is 
confided. ‘The surveyor for anything he knows 
may have a private “ tip’ that the mizenmast head 
is rotten, that the rudder head is sprung, that a 
boiler tube is defective, that the ship has had a 
blow here, or that she has a ‘‘ soft place” some- 
where else, and it rests entirely with himself-as to 
when he will be good cay to step on board and 
openly make the discovery. If the owner is amenable 
he may get an early intimation, when things can be 
set right without much trouble,- If he is fractious 
he will perhaps be informed there is.a screw loose 
just before the ship is ready to sail, when he will be 
under heavy expenses for demurrage, and: when 
delay will entail other serious losses, Aud this 
discretion does not rest alone with the chief officer 
of the port. It is open to any .of the. junior 
surveyors to spring a mine upon a shipowner in 
this way, and to do him a serious injury, not only 
with impunity to thesurveyor, but with an appear- 
ance of zeal on his part which will probably tend to 
his advancement... We ask, in all seriousness, is it 
right that any surveyor, however able, and however 
upright, should be trusted- with. such enormons 
powers over the property of other men? . Do ship- 
owners realise the position? We believe not. Courts 
of Survey are'to be established to give shipowners 
an appeal from the decisions of the surveyor. We 
have previously discussed the constitution of those 
courts, and have shown that they will be most un- 
satisfactory in their operations. But apart from 
that, how is a court to prevent surveyors harassing 
some shipowners, and letting off others, when no- 
body but themselves can know when certain defects 
first manifested themselves to them, or what im- 
portance they attached to them at the time, and 
other such circumstances ? 

In view of these facts we do maintain most 
strongly that shipowners have been in these matters 
utterly blinded to their own interests, and that 
while their self-appointed champions in the House 
of Commons haye been haggling over grain cargoes, 
deck-loads, and such things, matters of far graver 
import have been allowed to take place unheeded by 
them, which will worry and annoy them in practice 
and lead to most pernicious results. 

After the survey clauses come Clauses 12 and 13, 
which provide an appeal in the case of passenger 
ships, and in cases of scientific difficulty, or where 
important principles are involved; and these may or 
may not prove useful, according to the way in which 
they are applied. 

Clause 14 on grain cargoes is as near useless as 
can be; 15 and 16 on deck cargoes are ustless to 
about a like degree; the new clause on timbe: de-k 
loads, owing to its recognition of deck loads up 
to 3ft. high as being safe, is positively worse 


than useless, and Clauses 17, 18, and 19, on the 
owner’s load line, when taken together, amount 








to an utter and openly acknowledged absurdity. 
Clauses 20 to 23 inclusive, relate to jnveetiqntjons 
into shipping casualties and may do some good ; ‘and 
the new clause relating to the detention of forei 
ships may also prove useful, but it will depend for its 


degree of usefulness upon howst<is received by 
foreign states. The other cla iiave practically 


nothing to do with the subjectiof the ] 


After this brief resumé we may leaye\our readers 
tae tof wisdom | sae 


un 
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citement 


to judge for themselves of the 
embodied in the Merchant Ship 
and whether after five yeats of: mt and 
public expectation we are. any nearer a settlement 
our shipping laws than we were at the commence- 
ment of that period. The Bill was a blunderamits 
conception, it has blundered at almostevery step 
through the House of Commons, it with probabl} 
blunder through the House of Lords, and eve 
shipowner in the country will, before it.has been * 
operation a twelvemonth, recognise the: blunder 
he made in not opposing it throughout itsprogress 
with all his influence and strength: tie 2 


FASCINE WORKS ON FEN RIVERS. 

Av the twenty-second ordinary meeting of the session of 
the Institution of Civil Engineers, held on Tuesday evening, 
the 2nd of May, Mr. George Robert Stephenson, ident, 
in the chair, the paper —_ ¥ was on ‘‘ Fascine Work at the 
Outfalls of the Fen Rivers, and Reclamation of the Fore- 
shore,” by Mr. W. H. Wheeler, M. Inst. C.E. 

It was stated that the four rivers which take the py 
of the Fens of Lincolnshire and Cambridgeshire, and the 
lands borfering thereon, discha: into an estuary filled 
with large s of shifting sands, and that. in order to 
secure an outfall for these rivers it had been necessary~to 
train their channels through the sands. The most economical 
way of accomplishing this had been by means of training 
walls, constructed of fascines and clay and chalk. Ve 
beneficial results had followed from this training pa 
straightening of the outfalls, and the low-water mark. had 
been lowered several feet. The advantage of confining the 
rivers to one course was shown by the fact that when in the 
trained portion of the channels ti 
at low water, below it there would be a depth of only from 
2ft. to 3ft. The fagots used for building the traini 
walls or jetties were made from thorns cut from the hedges, 
tied together with tarred string. The length of each fagot 
was 6.{t., and its girth 3 ft. ese were thrown into the 
water from barges and weighted with clay, layer after layer 
being thus placed, until the jetty was brought up to half- 
tide level. The depth of water in which these jetties had 
been built. varied from 10 ft. to 20 ft., the i being about 
6 ft. above low water. The base of a jetty 16 ft. high was 
22 ft. wide, and the top 13 ft. The cost per lineal foot for 
the work done on the Witham averaged 19s. 3d. or 1s. 8d. 
per cubic yard, the details of which were given. The thorns 
and clay ther formed such a compact mass, that the 
jetty was able to withstand the force of both the ebb and 
cidal currents, and was a cheap and effective means of 
coring out the training of these rivers. 

ter the formation of-the P wer the sand and silt 
accumulated at the back, and ultimatel w into green 
marsh, The accretion of land was voor f ly taking place 
all along the foreshore of the Wash, but to a much greater 
extent on.the Lincolnshire than on the Norfolk coast. The 
process of accretion was very slow, unless assisted by 
artificial means. The marsh when formed never extended 
beyond half a mile from the old enclosure ; having attained 
this distance the growth ceased, the ebb current of the re- 
treating tide being then sufficiently strong to carry back 
with it the alluvial matter contained in suspension. The 
first formation was silt and sand. Warp or alluvial soil 
first began to deposit at 12 ft. above low water. When the 
surface rose as high as os tides, samphire appeared ; this 
was succeeded by grass, and the growth of the marsh con- 
tinued until a height was reached equal to about an ordinary 
spring tide. A marsh, under favourable circumstances, 
would reach a stage fit for enclosure in about thirty-five or 
or forty years, The process of accretion might be hastened 
by placing fagote across the foreshore to break the force of 
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the water and so assist in the deposit of and in- 
oculating the d with sods cut from the adjolning 
marshes. The 


rown claimed a right over all these fore- 
shores. The principal area of the land having risen above 
ordinary high water, the Crown had no longer a m on 
it, but compensation had to be paid before enclosure for the 
rights over the creeks and low places by which the marshes 
were intersected. These claims had been settled on the 
merits of each particular case, several instances being given 
of the terms. The value of the salt marshes for feeding 
sheep before enclosure was from 5s. to 6s. an acre, and the 
value of the frechold 201. The cost of was from 
151. to 201. an acre, and the value of the land after enclosure 
from 501. to 601.° 


THE SCIENTIFIC CONFERENCES AT 
SOUTH KENSINGTON. 
CONSIDERABLE p’ s has been made in the arrange- 
ments for holding conferences in conmsxion with the ap- 
roaching Loan Collection of Scientific Apparatus at South 
CC aningtte: In the section of Mechanics, which includes 
Pure and Applied Mathematics and Measurement, the con- 
ferences wi held on the 17th, 22nd, and 25th of May, 
and the following gentlemen have promised to give addresses 
oF Dr. Siemens, F.R.S., general address with special re- 
$ ms, F.R.S., 

ference to Measurement. Mr. F. J. Bramwell, F.R.8., on 


Prime Movers. Mr. Barnaby, Director of Naval Con- 
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M. orin, Directeur 
$2 | servatoire des Arts et Métiers, Paris, Ventilation of 


ly |, 


ere was a depth of 10 ft. | vi 





struction to the Admiralty, Naval Architecture. Mr. W. 
Froude, M.A., F.R.S i i . M. Tresea, 
Soas-Direeteur du f des Arts et Métiers, Paris, 


Fiow of Solids. du Con- 
. . - . Public 
Buildings. Sir Joseph Whitworth, Bart., F.R.S., Linear 
Measurement. Professor Goodeve, M.A., Solid Measure- 
ont. Professor Kennedy, C.E., Kinematics. Mr. W. 

ackney, Furnaces. Professor Sir W. Thomson, L.L.D., 
F.B.S., Electrical Measurement. Mr. Westmacott, Hy- 
ulic}Transmission. Professor Tilser (Bohemian Poly- 


‘technic Institute, Prague), his new method of Descriptive 


Ot |tolloving arangemente have tren ma 


Astronomy), the 
vielen : 
t, - Spottiswoode ; 


en 
Mt Address by the ‘ 
us. Norman Lockyer, = I 






y, and Mr. Huggins, 

Oser rofessor Clif ence ; Professors 
Adams and.Stokes, and Mr larisation ; 
Mr. > or Dr. Royston f copes ; M. Bec- 
uerel and Professor Stokes, ; Sir W. Thom. 
son, Electrometers.— Pre Tyndall, Reflexion 
of, Sound ; Professor A 8, Wheatstone’s Researches 
Professor Guthrie, Heat; Mr, De La Rue, Astronomical 
Pho and M. Leverrier.—May 24. Professor 
Clerk- » Professor Andrews, and M. Tresca, Mole- 


cular Construction of Matter; Mr. De La Rue, Electric 


Batteries ; Professor Carey Foster, Galyanom 

Ferdinand. Von -W ,  Veltamete ome 

Gramme’s Machine ; and M. Hi Ite. 
The conferences in Chemis @. held ‘o 


18th 
and 23rd of May, and the following Sdighaedishons ate 


been promised : ‘ ; ri 
‘Address by the chairman, Dr) Frankland; F.B.8!, 
generally on the objects exhibited :im this: section, and 
specially on the instruments used for the investigation :of 
gases. Dr. J. H. Gilbert, F.R.S,,.0n some points ‘in con- 
nexion with vi tion, Mr. Donkin, Demonstrator. of 
Chemistry in the Oxford Museum, on, Sir B: Brodie’s 
apparatus used in the investigation of,ozone. M. Fremy, 
embre de |’Institut de France, on the preservation et 
animal food. Professor Roscoe, ERS. on Vanadium an 
= yg Professor Guthrie, ° F-B.8., on Cryohy- 
ates. é } « ‘ Pate | 
The conferences in Biology will be held on the’ 26th and 
29th of May, and will relate chiefly to the following subjects, 


Zt ‘ i 
(1.) The methods of measurement and registration which 
are applicable to the vital phenomena of plants, animals, 
and man; (2), the methods and: instruments employed in 
physiological optics and acoustics; and (8), the. modes of 
preparing the tissues of plants and animals for micro- 
scopical examination. ary cag 

iven by the i te ¢ 


struments will be 
Donders, Hering, ys Brown, oster, 
Flower, M‘Kendrick, ‘Thiselton’ Dyer, Messrs. Liebreich, 
perme hg ep see Geology, Mine- 
e conferences in Physi: phy, x 

malogy, and Meteorology will be. on the:30th of May, 
and the lst and 2nd of June, and the following 

have promised to take ee : e ; 

Mr. John 'Evans, F.R.S., addyess. onthe objects 
exhibited in the section. In logy Professor Roscoe, 
Mr. T. Stevenson, Mr. R. H. Scott, Mr. G. Lf ong,Dr. 
Mann, and Mr. Galloway. In bay Sha ior Ander- 
son, Lieutenant Cameron, Mr. Clements ‘kham, nel 
Walker, Professor Forel, Professor ’ e Thomson, and 
Mr. Francis Galton. In Geology and Mining; M. Daubrée, 
Professor Ramsay, Mr. Rance, Baron Von Ettinhausen, 


and Mr, Topley. In Mineralogy, &e-; M. des Cloiseaux, 
and the Rev. N. Brady. ifs ° 


NOTES FROM THE SOUTH-WEST. é' 
Trade at Newport.—Steam coal is a drag in'the market, 
but the importation of iron ore continues to increase, and 
a large increase of the timber trade is looked for. 


Bristol Tramways.—The Bristol Tramway Company are 








making great efforts to open anew line from ‘Bristol to 
Stapleton, &e., by Whitsuntide. They are erecting ‘stab- 
ling for 70 horses opposite the Workhouse, at 
the point where the Stapleton: and Downend roads meet 


It is thought from the present progress of the. work,. that 
the company will succeed in their efforts. . 


Dock Extension at Cardiff.i—A ‘few weeks since a 

memorial was sent from the Cardiff Chamber of Commerce 
ing Lord Bute to take upon himself the construction of 

the poate a at once, for we he some time since 
obtai parliamen powers, lordship. is 
a short stay at Candi dak one of the ours of his 
is to meet Mr. Burgess and arrange for the completion of 
the castle, the alterations of which have now occupied a 
long time. He has also in contemplation the construction 
of the Roath Dock. Some time since he obtained returns 
from the officials at the docks, s that, although it 
was stated that during two months the ti { 


power at the docks was worked :to its. limit, 
could not ship the coal —— the power could 
ship 30 per cent. more than it does but for the practice 


among the merchants of “m the 

them sometimes work as slowly..as they can if they haye 
not another vessel fo ge ater in order to 

of the tips. In the Bute Dock Act there is a 

bling Lord Bute the trimming, bu' 
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MEASURING MACHINE AT THE. PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY THE STUDENTS OF THE CORNELL UNIVERSITY, ITHAOA, U.S.A. 





Amoncer the exhibits shown at Philadelphia by the 
students of the Cornell University, at Ithaca, N. Y., is the 


measuring of which we annex engravings, this 
machine ha been constructed by the students in the 
workshop att to the college, from the designs of Mr. 
John E. Sweet, the director. On a future occasion we 
shall have to say on the whole collection of 


something 
exhibits from the Cornell University, but for the present 
we shall confine our attention to the measuring machine we 
illustrate, a machine which we cannot do better than de- 
scribe in Mr. Sweet's own words, as follows: 

“Owing to the first cost of the Whitworth gauges, to 
avoid losing the true measure by wear, and owing to the 
inconvenience in using the ring for anything but parallel 
shafts, most firms possessing them make solid calipers 
similar to the on. shown in Fig. 1 ; only using thin forged 
steel instead of the thick cast steel cast into shape,‘as in 
the one shown. Believing that tools of this kind, if as ac- 
curate as the Whitworth gauges and of sufficient thickness 
to give them strength and durability, will serve the same 
purpose as the gauges and calipers together, and that they 
can be furnished at a cost which will be within the reach of 
all firms who attempt to do good work, I have thought we 
should be doing good service by fitting up the necessary 

machinery for their construetion. 

“ The machine shown in Figs. 1 and 2 
measures from zero to 12 inches by the ten-thousandth of 
an iach, and possesses some points of merit. It will be no- 
ticed that the bed of the machine resembles the bed of a 
lathe on a small scale, except that it is supported on three 
Jegs cast in the same piece. The head-stock carries a mi- 
crometer screw having a pitch of 16 threads to the inch, 
the thread on the screw and the thread in the nut both 
being of the same length; this is to avoid the difficulty 
always occurring when a short nut is used on a long screw, 
that of the screw ng in the centre, whileit re- 
mains tight at the ends. graduated wheel divided into 
625 parts gives ten thousand subdivisions to the inch. 
Every tenth mark being longer than the others, and every 
hundredth longer still, enables the operator to read hun- 
dredths, thousandths, and ten thousandths as readily as 
would be possible by any arrangement ; and the sixteenth 
pitch screw enables him to read the ordinary divisions of 
sixteenths, thirty-seconds, eighths, &c., more readily than 
could be done by any arrangement based on the decimal 
system. 

“ The crank by which the screw is turned is not fixed in 
the wheel, but to a friction-bar, and the friction regulated 
by a central nut; so that while there is friction enough to 
drive the screw, there is not so much but that the friction- 
bar will slip when the two “feelers” come together or in 
contact with the work being measured. This arrangement 
prevents undue strain being put upon the machine; it does 
not prevent the machine from being used by the sense of 
touch, which Whitworth proved to be the most sensitive, 
and admits of the machine being used by direct contact, 
enabling two persons to arrive at the same reading, as the 
pressure put upon the work is governed by friction rather 
than by the strength of the operator.* To adjust the 
machine, instead of attempting to set the tail-stock so as to 
have the index point to zero on the wheel, the index is 
itself adjustable. Thus, if when the two feelers are brought 
together, and the index does not indicate ag it should, it is | 
adjusted by loosening the thumb-screw that holds it fast, 
allowing it to be turned forward or backward, correcting 
the reading readily. The index arm projecting over the 
wheel is graduated into the ordinary divisions of an inch, 
so that it is not to count the revolutions of the 


inch ; so that when anything longer or larger than one 
less than two inches is to be measured, the tail. 
stock is set back one inch, a standard gauge one inch in 
is inserted between the feelers and the index ad- 


* By the use of vulcanite and steel as friction surfaces, 
pe a gee pay OTE 
itmes and keep 





variation of one forty-thousandth 











justed to zero, as in the first instance. Standard gauges, 
of different lengths, varying by inches from one to eleven, 
make it equally convenient to measure all distances up to a 
foot, with this good feature: that the machine is always 
adjusted at the time of taking the measurement, and if the 
standards are of steel as well as the tools being measured, 
then any variation in the temperature will not affect the 
result, so that care is taken to allow both pieces to acquire 
the same temperature. 

“The accuracy of the measurement, so far as explained, 
depends upon the accuracy of the standards, the accuracy 
of the screw, and the edge of the index where the reading 
is taken being parallel with the axis of the machine. Out 
of this last element grows one of the best features of the 
machine ; for by cutting this edge at an angle instead of 
parallel the imperfection in the pitch of the screw is cor- 
rected to the greatest nicety. We have in fact corrected 
the error in the machine, and found it to be 1 in 4480.” 








NOTES FROM THE NORTH. 
Giasacow, Wednesday. 


Glasgow Pig Iron Market.—The warrant —ae ed 
= last Thursday forenoon at 58s. to 57s. 10d. ac- 
ted, closing rather firmer, buyers at 57s. 11d. “Tovent 


lots were done in the afternoon at 57s. 10}d. cash, — 
rather sellers, but erally the market was niet. 
cheese No. 1 and Glengneuedk No. 1 were reduced 1s. per 
ton,’and 6d. gh het mee ake a - 1 an 
Eglinton, No. 3 ge ot im 
Friday’s market was stead, 
iin cellars at the lattes, "rom te i. ig 57 "On 
ing with sellers at the ering 57s. 
The market continued steady during the afternoon with no 
variation from the quotations of the forenoon—sellers 
buyers 57s. 10}d. cas was a steady market 
on naw Semen | at — cash, but ee A a very limited 
amount of business was done, closing with still 
offering that price, sellers 58s. 1}d. In the after- 
noon the market continued steady at the forenoon’s quotation 
—sellers 58s. 3d., buyers 58s. cash. Steadiness also the 
= yesterda, forenoon. One lot omg type af me 4 
baile at 58s. cash, closing sellers 7 _—_ 
578 04d. Business was also done at 58s. 1 
months open, and 57s. 9d. three months fixed. market 
continu: steady i in the afternoon, with business at 37s. 10d. 
and 57s. a “—_. .o ~ with buyers at the latter, 
sellers asking 58s Pra no ¢ took place 
to-day either foccen or afternoon. A few lots — 
hands at 57s. 104d. = and’ fourteen days open 
buyers over, sellers 58s. It is satisfactory to Sine “that 
the shipping returns have assumed a more favourable 
character than they have had for some time. t week 
there were shipped 12,750 tons as against 11,624 tons in the 
corresponding week of 1875. 


The Scotch Blast Furnaces.—A few days there were 
only 110 blast furnaces in full on had been 
blown out for repair at Castlehill Iron Works, : Melenging 6 
the Shotts Iron Com parma the + oe to be a 
down on account of the having struck 
the reduction of wages that hat had b been intimated to =. 
For the same reason all the furnaces had to be damped 
er at —_ Iron — = wages disputes have now 
mos m arranged, and the furnaces are again getting 
into blast. It was feared a few days since that 
the Scotch ovens ge an blow out their a 
entirely, on account r) e difficulty e 
unremunerative condition into which the pig iron trade has 
got. 

Institution of Engineers and Shipbwilders.—The annual 
meeting of the Graduates’ Section of this Institution was 
held last night. — hn C. Hamilton, President, in 

attendance. The first besi- 
ness was the election « of the office-bearers for the session 
. re-elected Presiden 


the he with 

















Robert Wyllie, William Wh Peter S. H. » C.E., 
James Davie, David Tehweon, Tobe Miller, and yalh William 


per of great scientific ee on 

« Prevelicee™ waa read by Mr. George W. Macalpine. 

Royal Scottish of Arts.—A m of the Scottish 
Society of Arts was held on Monday ni +s r. sre 
President, in the chair. Mr. D. Bruce Peebles read a 
descriptive of ‘‘ Peebles’ Patent Gas Governors for Stati od 
Districts, Dwelling-houses, and Public Lamps.” Mr. 
Peebles exhibited the governors in action, and rag 
had been spoken favourably of by several gentlemen, his 
paper was remitted to a committee. 


Tay Bridge Works.—Within the 7 few + an inter- 
mediate ler, 164 ft. in length, has been si 
a in its position connecting the 130-ft. with the 245-ft. 
Drawn -—A_ meeting of t! ion was bald 
on last week in the Religious Institution 
Rooms, Mr. Mr David fialley, President, in the chair, when 


Mr. James Gibson Fairweather, C.E., read an int 
paper on ‘‘ Duckham’s Pneumatic Dredging Plant.”” 


NOTES FROM SOUTH YORKSHIRE. 
ELD, Wednesday. 


Association of rye and Shipbuildin 
his Associati 





or: traffic some time, and grea is 
le with the sections. At Derby a very large 
number of houses are to be eS aa Soe for 
Ss iit as chee ce 
nearly e t through- 
ot its — me 5a at a distance of about mile. It 
Fairbank of N ,» Monmouth- 
shire, tr commences with a viaduct in length 
over the Gilt Brook Vall Along its who! h there 
are numerous iron pow 1 and collieries, . t when 


the line gets fairly opened the Midland veil have a 
formidable competitor for the Derbyshire coal traffic, of 
which it now enjoys a complete monopoly. 


The Leeds and a Railway.—This line, which is 
10} milesin length was opened inven. and for the first time 
ae a direct railway communication between Leeds and 
etherby. Thenew line branches off the North-Eastern main 
line at Crossgate, near a small iron girder haldge now made 
to carry a branch line to the oy The first 
croft sta at ee aoa r= ‘cling, ea. 
station. t a - cu and pro- 
two miles onward, Bardsey a similar 
distance in between MY place and Collingbam. 
Near the latter the line is carried over the river 
Wharfe by a fine gi Gores of brie Here also there is a heavy 
cutting and five of bridging in three hundred 
orso. A little further the line forms a junction with the 
te and Church Fenton branch. In the ten miles 
of this railway there are forty bri over and under, 
fifteen em ents, and thirteen cutti 


The Great Strike of Miners.—This great ages dispute 
continues on a scale which is little if iythios ; inferior to 
that e last week. A section of the men, acting on the 
judicious advice of Mr. Chappell, one of the Association 
secretaries, is willi to go in at a reduction of 10 per cent-, 
but the majority decline to do so, and still proclaim their 
intention to stand out. At a few collieries work has been 
resumed at a drop of 10 per cent., by mutual compromise. 





BgL@ium AND SouTH America—.A number of Liége in- 
— have formed a syndicate in —— with some 
of the leading Belgian firms with the view of the 
commercial relations of Belgium abroad. The attention of 
Sgt wn be more especially directed to Brazil and 
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UNIVERSAL TOOL GRINDER. 


CONSTRUCTED BY MESSRS. THOMSON, STERNE, AND CO., LIMITED, ENGINEERS, GLASGOW. 


We annex an engraving of an exceedingly neat 
arrangement of emery grinder specially intended for 
sharpening tools and doing similar work, constructed 
by Messrs. Thomson, Sterne, and Co., Limited, of 
London and Glasgow, of whose emery grinding ma- 
chinery we have before had occasion to speak. The 
machine we illustrate is provided with an emery 
wheel 14 in. in diameter by 2 in. broad, the spindle 
of this wheel being mounted in bearings at the top cf 
a neat hollow pedestal, which alsoforms a water 
tank. At the back of the standard are the bearings 
for the countershaft, this shaft being provided with 
fast and loose pulleys, so that the whole machine 
is complete in itself ready for fixing. The fast and 
loose pulleys are at one end of the countershaft, while 
at the other is a pulley from which the belt is led 
off to drive the emery wheel. 

Theemery wheel is provided. with a cast-iron hood 
fitted at the front with a slide which ¢an be adjusted 
80 as just to touch the wheel. “On the top of the hood 
is a small centrifwgal pump which lifts the water 
from the hollow standard, ard delivers it through an 
india-rubber connecting tube to an iron pipe arranged 
as shown in the engraving, this pipe being perforated 
so as to discharge the water on the edge and against 
the sides of the wheel. The pipe can be adjusted to 
suit the reduced diameter of the wheel as the latter 
wears, ad the quantity of water supplied is regulated 
by acock, The centrifugal pump isdriven by a small 
belt from the emery wheel spindle, and its suction 
pipe is titted with a foot valve, so that the pump re- 
mains charged when the machine is stopped. Any 
excess of water is caught by the tray and returned to the 
water-tank in the pedestal of the machine. 

The wheel is driven so that its upper part turns towards 
the operator, and any tool being ground can thus be sup- 
ported steadily on the rest provided at the front of the wheel. 
The latter grinds as well at its sides as on its edge, and any 
form of tool can thus be ground. The edge which the wheel 
imparts to tools is admirable, and from what we have seen 
of the operation of the machine we regard it as far prefer- 
able to ordinary grindstones for tool sharpening even when 
these grindstones are in goed condition. The machine, 
moreover, occupies much less space than a grindstone, and 
can be readily stopped and started, so that there is no oc- 
casion to run it except when actually in use. The renewal 
of a wheel when worn out, also, is a much easier matter than 
the renewal of agrindstone, and this is particularly the case 
with machines sent abroad, where the cost of transport of 
grindstones is no small item. 

The use of emery wheels with water is a practice which 
is, we think, likely to become considerable for other 
purposes besides tool grinding. Hitherto emery wheels have 
usually been run dry, but the employment of water in con- 
nexion with them prevents grit, &c., from being thrown off, 
and seems to us to possess several advantages. It may of 
eourse be urged that the use of water on emery wheels will 
tend to cause the rusting of the work ground, but we do not 
think any importance need be attached to this objection, for 
if the grinding is performed by grindstones it is done wet, 
while soap and water is continually used in connexion with 
lathes and other machine tools turning out finished work. 
Of course if emery wheels are used wet special arrange- 
ments must be made for supplying the water, as from the 
high speed at which the wheels run the water will be thrown 
off very rapidly. In the machine we now illustrate the 
water supply is capitally managed, the emall jets striking the 
surfaceof the wheel just in advance of the point at which the 
tool to be ground is applied. In carrying out the system in 
connexion with wheels employed in other classes of work a 
similar principle would have to be adopted, while an ajustable 
hood should be provided to shield the operator from water 
thrown off from the parts of the wheel which are not in use. 
We may probably, hereafter, have something more to say 
about the practice of wet grinding with emery wheels, but 
in the mean time we must, in conclusion, say a word ,in 
Praise of the great neatness ef the general design and ex- 
cellence of the proportions of the machine we now illustrate. 








THE LANCASHIRE BOILER. 
On the Lancashire Boiler, its Construction, Equipment, 
and Setting.* 
By Mr. Lavineron E. FLErcusr, of Manchester. 
(Concluded from page 371.) 
Furnace-Tubes.—The longitu joints in the furnace- 
tubes are welded when the plates are of iron, and double- 


rivetted when of steel, each belt of being made in 
one length and thus having but one itudinal joint. All 
the transverse seams of rivets are with Adam- 
aa eanged joint, or with an hoop either of 


ling iron, T iron, or other ved secti 
the evils that has attended internaliy-Sred boilers has tess 
the frequent ie oes furnace-tubes ; but this danger 
com avol strengthening tubes as j 
described, where , instead of being weaker than the shell 
as before, they are rendered stronger. This has been 


* Paper read before the Institution of Mechanical Engineers. 
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shown by the experimental bursting tests, in which, while 
the shell has heen burst repeatedly, the furnace-tubes have 
not suffered at all, nor shown any movement on being 
gauged. In some cases Petrie’s pockets and in others 

oway’s conical water pipes are introduced as a precau- 
tion against collapse ; while in others again the water pipes 
are made parallel, and either rivetted or welded in place, so 
as to form one piece with the flue tube. In all cases, how- 
ever, the transverse seams of rivets over the fire should be 
strengthened with fla seams or encircling hoops ; and 
it is considered desirable to continue this mode of construc- 
tion throughout the entire length of the boiler, whether 
water pockets or water pipes are introduced or not. The 
thickness of the plates in the furnace-tubes is sometimes as 
much as } in. This leads to violent straining and frequent 
leakage at the furnace mouths and other transverse seams 
of rivets. Many 2ft. 9 in. furnace-tubes though only v« in. 
thick have pre | a bydraulic test of 120 lb. per square inch 
without movement, and have worked satisfactorily for years 
at a steam pressure of 60lb. It is advisable, however, to 
have them a little thicker than this, in order to afford a 
margin for waste through corrosion, and also, when the 
flanged seam is adopted, in order to allow for the thinni 
that occurs in drawing the metal to make the ‘ 
thickness of # in. is sufficient for a working pressure of 75 Ib. 
per square inch, 34 in. for a pressure of 80 lb. or 90 Ib., 
and y; in. for 1001b. per square inch. 

Stays are sometimes introduced for tying furnace-tubes 
to the outer shells in order to support them. Such stays 
however, in the Lancashire boiler are unnecessary, a 
when rigid are decidedly objectionable. Furnace-tubes 
should be left free to move. soon as a fire is lighted 
within them the top of the tube becomes hotter than 
the bottom and elongates. This makes the tube arch 
upwards. In conducting a series of trials in 1867 and 1868 
for the South Lancashire and Cheshire Coal Association on 
the evaporative efficiency of their coals, and also on the 
comparative merits of different boilers, the writer had 
three gauge-rods attached to the crown of the furnace-tubes 
of two Lancashire boilers, and carried up vertically through 
the external shell by means of brass stuffing boxes, so that 





a ready opportunity was afforded of witnessing the rise an: 
fall of the furnace-tubes ; while as the gauge-rods divided 
the tubes into equal lengths, a comparison could be drawn 
as to the movements of the different . Constant 
observation showed that the distortion of tubes varied 
very much at different times, ger most severe shortly 
after lighting the fires, while the colder the water to start 
with, the greater was the rise of thecrown. As soon as the 
water became generally heated the gauge rods retired to 
their old position, and the distortion of the furnace-tubes 
seldom lasted more than an hour. The boilers were 28 ft. 
long, the furnace tubes of steel ,%; in. thick in one case, and 
of iron #in. in the other. Care was taken not to strain the 
boiler by severe firing, steam being got up with the 
dampers only partially open. Yet the furnace-tubes rose 
¢ in. es passed around the boiler in the ex- 
ternal brickwork flues in the ordinary way, and }in. when 
they passsd off direct to the chimney without heating the 
outer shell. The curve that the flue appears to assume is 
not a segment of a circle. The gauge-rod at a quarter of 
the length of the boiler from the front showed in one case 
as high a rise as the rod placed midway in the of the 
boiler, and in another case 7 in. more. This is just what 
might = —— from Wp SO my by the fire, _ 
acconnts for the grooving action bei more severe 

the front end by a boiler than Ban pad rag pry yd 
importance of affording greater elasticity a 5 
Furnace-tubes lashed to the shell often tear themselves 


away from it in ordi work, and the fractured stay 
rubbing against the shell leaves a witness of its movements, 
the amount of which frequently exceeds that just meny 


d| with encireli 


tioned. In one case a furnace-tube that had a stay ¢ 


g it 
to the top of the shell was found to have crumpled u _ 


stay and broken it by an upward thrust, showing how little 
nee — had Lay ol estas to keep the furnace-tube 
rom droo) 


Shell.—The shell, which is ys in. thick for a pressure of 
75 Ib. per square inch, and ;%in. thick for a pressure of 
100 Ib., is composed of plates about 3ft. wide, which are 
laid in not more than three lengths round the circumference, 
in order that the longitudinal seams may clear the brick- 
work seati' The longitudinal seams are so arranged as 
to break joint and avoid the centre line along the top and 
bottom of the boiler. In all the longitudinal rents ob- 
tained under the experimental hydraulic tests, the plates 

outwards at the middle of their width, and this 
action was observed to a slight extent before rupture, 
showing that the greatest strain and thus the point of first 
fracture occurred at or near the centre line of each plate. 
This would seem to show that breaking pay is of practical 
advantage, and that a boiler composed of wide plates is not 
so strong as one composed of narrow ones. 

There is no steam dome. Steam domes are msive, 
weaken the shell, and often give trouble from | at 
the base. Added to this they are inconvenient in carriage, 
as well as in revolving a boiler on its seat, as it is sometimes 
desirable to do for repairs; they are also inconvenient in 
covering the boiler over, and in the great majority of cases, 
if not in every instance, they are y useless. ‘To 
prevent priming, an 1m ted pipe is adopted in 

lace of the dome. Under hydraulic | with a steam 
read 3ft. diameter, y% in. thick, aid the whole of the shell 
pias 08 Me bate out ie oe oe ae ie Ig as 
as itself, the flange at the base of the dome ripped at o 
pressure of 150 lb. per square inch,, At a second trial with 
a dome of the same diameter, and a portion only of the shell 
plate cut away, the dome strained so much round its baso 
and caused such violent | that a pressure of more 
than 235 Ib. could not be obtained, At a third trial, the 
steam dome having been removed and refixed with stouter 
rivet heads, so as to resist the upward strain that was 
induced, the flange at the bottom of the dome ripped on the 
centre line of the boiler at a presstre of 260 be uare 
inch. In this instance the workmanship was and 
sound, but in some cases where domes are attached with 
inferior reedy angle irons the weakening effect of the domes 
must be much greater. Steam domes clearly establish a 
weak point in a shell, and are better avoided. 

The manhole is guarded with a substantial raised month- 

iece of wrought iron, welded into ane piece, Ranged at the 
ttom and attached to the boiler with a double row of 
rivets, the thickness of the upper being jin, and of 
the body #in. This has been found to stand a test of 
300 lb. per square inch without the slightest indication 
of straining. A raised wrought-iron manhole mouthpiece 
is exhibited. It is too frequently the practice not to 
strengthen manholes with any mouthpiece at all. Many 
explosions have arisen from this cause, rents s in the 
first place from the ed manhole, and then extendin; 
all over the boiler. The loss of strength is owing no 
—- the amount of metal cnt away by the opening 
but to the action of the coyér, which in unguarded 
manboles is internal. This in | cover bears on 
narrow edge of plating all round, and is driven outward by 
the pressure of the steam, “glso pulled in the same 
direction by the bolts in le ge the joint. In fact the 
cover acts as a sort of mandrel h being forcibly driven 
through the manhole splits the; boiler open. heavy 
hydraulic test shows this action of the cover, by curling tho 
boiler plate up around the manhole. Added to this, the 
joint is apt to leak, and thus to induce corrosion and thin 
he plate, which not only reduces. its s h but leads to 
extra force being applied to tighten the joint; several ex- 
plosions have occurred shortly after the joint has been re- 
made. It has been the general practice till recently to 
make the raised mouthpieces of cast iron. This, however, 
is not wise for the high pressures now in use. A rai 
manhole mouthpiece having a clear opening of 16in. dia- 
meter, which is the usual size, involves a hole in the shell 
plate at its base of about 20in. in diameter. The plate in 
which this hole is cut, unless it be duly strengthened, becomes 
the weakest part of the boiler when the longitudinal seams 
are double-rivetted, the furnace tubes suitably strengthened 
rings, and the ends well arch so that 
the stability of the entire structure depends on the mouth- 
piece ; if that fails, the whole structure fails. Under these 
circumstances it is evidently unwise to risk the safety of 
the boiler on a piece of cast iron. This view is confirmed 
by the behaviour of cast-iron manhole mouthpieces under 
hydraulic pressure. Several have failed under the ordinary 
test at the boiler-maker’s yard, while at one of the ex- 
perimental bursting tests a cast-iron manhole mouthpiece 
of substantial pattern, measuring 1j in. thick in the lower 
flange and lin. in the body, rent at a pressure of 200 Ib. 
square inch, though the metal exhibited a good sound 
Rosiere. This specimen* is exhibited to the meeting. It 
would appear that under pressure there is a considerable 
upward strain on the plates around the mouthpiece ; and 
that while wrought-iron mouthpieces are able to accommo- 
date themselves to this without distress, cast iron ones are 
not. These tests have shown that wrought-iron manhole 
mouthpieces are much superior to cast iron, and that the 
sooner cast iron ones are generally superseded by wrought 
iron the better. : 

The mudhole at the front of the boiler, beneath the 
furnace tubes, is also fitted with a substantial mouthpiece. 
This in some cases is external, like the manhole mouth- 
piece, and in others internal. The internal ones have the 
advantage of being less in the way. In either case the sur- 
faces at the joint een the of the mouthpiece and 
the cover are faced true, so that the parts may be brought 

metal to metal. 








* See Figs, 6 and 9, on page 237 ante, - . 
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= I apan the ‘be manhole monthnt ex, stad of ein 
piece 

phy bi on ist the fewer holes 
number 0’ , ont ‘ewer 
made in a Cae tke better This ment i 
but fallacious. The manhole makes t 
and therefore exerts the greatest 
weakest link in a chain is the measure of £ strength of 
the whole ; so that fixing the steam stop valve and safety 
valves directly to a boiler with suitable fitting blocks does 
not weaken it, Moreover, for convenience in attaching the 
fittings, these group manhole moutbpi are made of cast 
iron, which, as already explained, is objectionable. It is 
therefore recommended that man eK ey capes should 
not be complicated by the addition of the safety valves or 
other fittings, but that each should be fixed direct to the 


its 


fixed the scum tap, to which is @ series of sedi- 


at which the — should be kept. 
Immediately above ‘the water-gauges is 


show the correct hei 


whenever the attendant opens the 


is ready to hand. He has not to clim’ 


nor to mount on the top of the boiler 


shell independently of the others. the feed supply. A handle for ee donee is 
Blocks for the Attachment of Fittings.—In old-fashioned | frequently brought ta boiler front,. Fate p top of the 
practice the fittings were bolted directly t@the cylindrical | boiler are two saf , One & dead-weight valve of ex- 
ternal pendulous , the ete. a ae valve. 


bese of the shell, This led to the wasting of the shell 
— h leakage at the joints ; so that it has long since 
— to rivet short stand pipes to the cylindrical 

woalieg of the shell and bolt. the fittings thereto, the joint 
surface between the flanges being planed up true. e 
stand-pipes, frequently termed “fitting blocks,” are not 
aly more convenient for the attachment of the fittings, 
but also, being rivetted to the plate and made of substantial 


local contraction, and there’ 
of rivets at the bottom of 
near the surface of the water 
internal perforated pipe, it becomes di 


section, strengthen the plate round the hole cut in the| to the bottom. Furt er, non-return yalves re 
shell. They are as a rule made of cast iron, but it becomes | be introduced, they will so fail a and i the water 
a question whether, with the high pressures now in use, | to escape, whereby the furnace crowns becomie bare 


they should not be made of acd iron. At one of the 
bey ep bursting tests, a fitting block for a 6 in. steam 

ve-box was found to give way before any other part of 
the boiler, at a pressure of 275 lb. per square inch, though 
- flange was 1{ in. thick, the body jin., and the metal 


und. 
me of Rivets.—Those running lo ie eith tim. in the 
a shell are all double rivetted, a with cers 4 
about 2} in. apart longitudinall and 2 in, 
remaining seams throughout the boiler are pom 
rivetted only, the rivets being 5 2in. apart. To 
double rivet the transverse seams adds but little, if 
— to the boiler, wry ® it increases its weight 
It would appear Happ Bes e strain upon the trans- 
po ype seams of rivets in a Lancashire boiler is over- 
estimated. In a plain cylindrical boiler, without furnace 
tubes, the strain on the verse seams of rivets is pre- 
cisely’ half that on the longitudinal seams. By the intro- 
duction of the furnace tubes not only is the longitudinal 
strength increased, but at the same time the area of the 
ends upon a the steam acts is diminished, and thus the 
strain is diminished also ; so that in the Lancashire boiler 
the strain on the transverse seams of rivets is less than half 
that on the longitudinal seams. The force of this reaso 
gpa is sometimes disputed, and tie rods are Hee mp | 
support the transverse seams of rivets in the shell. 
But in the hydraulic bursting tests, with the tie rods re- 
moved, oy longitudinal seams of rivets were found to fail 
in every ‘ore the transverse seams, which never 
showed ¢ the al slightest signs of distress and scarcely leaked 
a single drop, while some of the longitudinal seams under 
severe pressure shortly before rupture leaked profusely. 
The rivetting is done by machine in a mgm to hand in 
the cylindrical shell, in the furnace-tubes, and as.far as 
ble in the flat ends. In the experimental bursting 
ts, the machine work in every case ang much tighter 
than the hand work. The ated thees in th le irons, 
T irons, and flanged seams in the plates 
pen punched by most aabae 4 though by. by some the holes 
tre npr beer may andthe practice practice of pons is 
ng voca em in Sevoowting 00 explosion 
1 he 


hat occurred at 


will, be seen that 


of the furnace crowns, it 


emptied by such an occurrence: 
All the iw Ee surfaces are =a 

brought together metal to The of the 

are turned, oe ne a, Sane heads of 


work, as shown by the end 
Safety Valves.—The 

Cowburn type, as shown in Fig. 9, is extremely meg 7 
efficient. e centre of plan hy ‘of the load being be 

the seating renders unnecessary 

keeping the valve in position, and it has therefore no fric- 
tional surface to get dene or stick fast. These valves are 
loaded with flat ann lates or rings, and the shell is 
cast with mouldings aro it at the bottom which present 
the same appearance, the whole being so adjusted that each 
moulding as well as each annular plate ts a pres- 


of these valves are in use, and they are highly approved. 
The diameter generally adopted is 4in., which requires 


valve "the addition. of. two .or t bricks produces no ap- 


it would be necessary to 
751b., and ll ewt.for 1001b. Such an addition there would 
be great difficulty in attaching to the valve, and if it were 
done it would be so conspicuous as at once to call attention 
to the fact. The t obs uired to load this valve 
is considered therefore to 3 and several ex- 
plosions due to overl lave met with, which 
would have been oranel its use. 

The low-water safety valve shown is of the Hopkinson 
type but there are also the Kay and the Lloyd low-water 
valves, which though varying in detail are similar in their 
object. Each has a lever inside the boiler, to which is at- 
tached a float, so that when the water falls below the de- 
sired level the float falls also, and thus raises the valve and 
allows the steam to blow off, thereby not only giving an 
alarm but also lowering the pressure. Hopkinson’s valve 
is a compound one, having one valve seated on another ; 
the central portion is loaded by a dead weight inside the 
boiler, and operated upon by the lever in the event of low 
water, while the annular portion is loaded by an external 
lever and weight, and lifts along with the central portion 
in the event o' high steam ; these valves, therefore, blow 
off on the occurrence either of high steam or of low water. 
The outer valve is 5in. in diameter, and the inner one 
2hin. The freedom of the steam valve can be tested by 
placing the hand on the lever when steam is up; while the 

reedom of the low-water apparatus can be tested by open- 


plate 20.17 tons, showing a 
be Square inch, or hee oe 5 per tom The question of 
versus punching of the pitch and diameter 
of ri abe, is one that a. further consideration ; and it 
suey be added that a boiler 7 ft. in diameter, and made of 
plates y« in. thick, having the longitudinal seams double- 
rivetted with jin. rivets, spaced 3 in. apart longitudinally, 
instead of 2} in. as usual, was found bye ata arenas 
pressure of 120 lb. per square inch. The edges of 
plates at the longitudinal seams of rivets are planed — 
caulked lightly, inside as well as out, though in many cases 
caulking is superseded by fullering. 

Material.—As a sy boilers made under the inspection 
of the Manchester Steam Users’ — my of 2 ae in 
the shell, while steel plates are 
in the furnace-tubes for a | vot on over pm ey me we 
sometimes from one 


about 6in. of the furnace crowns. To overload this valve 
without increasing the weight outside would —— 
getting inside the b boiler and on down the dead w 
Under such circumstances the pane Tro aay of the ter 
the external lever when steam ann up would at once nd, 
that something was wrong ; and even if this were not. de- 
tected the external dead-weight valve if free would come to 
the rescue, while it would be seen at a glance bag my this 
was overloaded. It is sometimes recommended to have 
safety valves under lock nant ans but it is . ree ped by the 
writer to have them th spared ron b 
licity may be their mit omy Nee it it is rath admi 
that no oven, mys of safety valves can be contrived 
which tampered with by skilled malice, it is 
thought that the combination of the two valves just de- 
scribed forms a very safe arrangement. 
Furnace Mountings.—The furnace monthpi are of 


theit ductility than ta their otreneth, 

conoiie aten Mf inating’ . should be adegial andl these 
s 

before Py RRA 4 one plate out of the set proposed to 

be used should be tested as a check, the investi tion having 




















it engi about 2 ft., 2 ond, Fee oa the last, = K 
opposite side e front en is 
connected 


ment-catching troughs fixed inside the boiler. In the 
centre of the end plate are-two glass water-gauges, one 
acting as a check ope the other, a pointer being fixed to 


pressure- 
gauge, and above that a dead- weight anfoty-valro Re 
rs to c 


the fires he has the height of the water and the pressure of 
the steam directly before him. Under his feet is the blow- 
out tap, and behind him the coal supply, so.that everything 

a ladder in order to 


reach the water- or ascertain — ressure, 
the top of ‘ote . regulate | room for inspection. . By keeping’the width of the bottom 


But convenience in manipulation is not the only reason for 
ment of fittings: the feed be cold and be 


this — 

introd neat the bottom ion a boiler, it is apt to induce 
the transverse seams 

shell ; but when introduced 


and passed etace falling an 


nuts are shaped, and the whole got pod bmw a piece of coain 
pont valve, which is of the 


either wing or fang itor 





sure of 51b. per square inch on the valve. numbers 












ap roximately a yer] of 8 om. fora blowing-off pressure of 
75 lb., and llewt. for 100 og nes square inch. On this 
ree 


preciable effect, whereas at the end of a long lever the re- 
sult would be different, To double the blowing-off pressure 
id about 8 owt. to the load for 





ing the blow-out tap and lowering the water level to within | as the 


brackets rivetted to the sides of the furnace-tubes. The 
standard length of grate is 6 ft., but a shorter one is pro- 
ductive of parce though the "concentration of the fire i is 
more to the boiler, and AL been found, where the 


feed-water not been good, to injure the-furnace lates, 
and render it necessary to lengthen | the grate. , 
SETTING. 


Brickwork and Flues.—The boiler is set on side ‘walls, 
and rests on firebrick seating blocks, presenting a bearing 
surface 5in. wide. ‘The side flues are 6 in. wide at the top, 
carried up to the level of the furnace crowns or a few inches 
above, and down to the level of the bottom of the shell. The 
bottom flue has a width equal to the radius of the boiler, 
anda —_ of about2ft. These dimensions admit of. ample 


flue equal to the radius of the boiler, the angle that 
the bearing surf of the seating block makes with the 
horizon is 30 deg. for an: Uttes ie of shell. 

The flame, immedia‘' after leaving the furnace-tubes, 
passes under the bottom TE the boiler, and returns,to the 
chimney along the side flues. This is not the course ap. 
proved by Mr. Pole in his treatise on the Cornish pumping 
engine, published in “ Tredgold on the Steam Engine,” in 
1844, in which the Pore fb ox of the Cornish boiler is spoken of 
as follows :.“* The “hi current first impinges on the top 
of the tube, ver: which the om and oe the hottest 
portion of the water is lying’; it then along the side 
flues, where, it finds the surfaces wae than before ; and 


and | last of all it traverses under the oe of the boiler, where 
overheated. When the feed inlet is placed above ilie pel 
cannot 

drained bare by leakage at the non-return ; but when |. 
placed at the bottom of the boiler, the boiler may then be 


up trué,and the parts 


the coldest water will falways. be. this means the 
firecurrent, as it gradually cools, ewise gradually 
brought to act upon cooler water, ey ‘herh the best op- 

ity is afforded for the extraction of the free caloric 
iteontains. The descending motion of the fire current, as 
it cools in the flues of jthe Cornish boiler, is upon statical 
principles much more natural and more calculated to pre- 
vent the unnecessary discharge of heat into the chimney 
= the ascending principle of the o' boilers. 

the last heat, however, to travel under the hottom 

an the shell does not promote the circulation of the water, 
or at all events but slowly ; so that in getting up steam 
top of the boiler becomes ther than the bottom, from which 
straining ensues, If in addition to this, the feed water 
when cold be pumped in at or near the bottom of the boiler, 
the straining at t a teaninvense seams of rivets is in 
Possibly the Lantaskire boiler is more subject to straining 
and seam-rending at the bottom of the shell than the 
Cornish, as there is'a greater body of dead water lying 
there in "the Lancashire boiler, in addition to which the rate 
of combustion per square foot of firegrate is much more 
rapid in the Lancashire district than that generally 
in Cornwall. In consequence of seam rents occurring at 
the bottom of Lancashire boilers when the last heat is 
carried underneath, the plan of the flame ej the 
bottom immediately on leaving the furnace tubes, and also 
of introducing the feed-water near the surface, has become 
the general practice. The question of economy is met by 
the use of feed-water heaters, consisting of a number of 
water pipes placed in the main flue between the boiler and 
the chimney, and kept free from soot by an automatic 
scraper. A good feed heater will raise the tem ture of 
the water to about 240 deg. This answers two purposes , 
it economises the waste heat escaping to the chimney, and 
thus reduces the coal consumption, while at the same time 
it prevents local cooling, thereby preventing straining 
saving repairs. It has been found by experiment that 
ing the flames from the furnace-tabes around the outer s 

of direct to the chimney, adds but little to the hel 
of steam, though it promotes economy of fuel ; at the same 
time it keeps the boiler at a more equable’ temperature 
throughout. 

The flooring or hearth plates at the front of the boiler 
are set so as not to butt against the boiler, which is too 
often the case, but so as to be entirely below it, thus leaving 
jag lh a Soe end ‘plate o to view. Where 
there is a of boilers, these plates extend 
throughout e 4 width of the boiler-house; and 
finished’ off with a fender- where abutting agains 
Faun af ts Webcriveck: etting,” Wil piesonl ec very” week 
‘ace of the ing, they present a very nea 

ce. ‘These are carried on a eg system 
easy lifti The hearth 
pit ben them is m one side of the boiler-house 
to the other, and ~ is.is laid the main feed-pipe as well 
i from the blow-out and seum. This 


‘or access ; the flue doors open q 
brickwork at the front of the boilers is set back 6 in., so as 
to leaye the angle iron with its circle of rivets perteetiy 
open. The front cross wall beneath the boiler is 

around the blow-out elbow-pipe, so that it may be free to 
move should settlement of the boiler take place. 

Boiler Covering.—The boiler is covered Mvith an arch of 
brickwork, leaving. a space of. about 2 in. between it and 
the ; and.» layer of cork shavi oF & con 

boiler composition’ or otLer ae e non-conducti 
substanee is into this 
off with bull-nosed brieks are. wo the fittings, so 
as to leave the ring of rate Jey. bleh Whey ate wtinched te 
the shell e to view. Sometimes the 


of hich should ‘not be 
ala om ition, wi 
Sarvs Gt dhe Hangs othe thine fittings, as is; too 

uy 


ie 


8k 


special reference to ductility. Low Moor rivets are recom- | wrought iron, finished off with a neat brass » and } case, but stopped off by. means of kerb 
mended and are frequently used. mo Te ty rivets, pay ya ‘these dropped around She ledges aad s ‘cast-iron nosing to 
@ firedoors are oes wh x Mee bys be he front iren. ., » rai 
Equipment. Pennting don the ouside and.a perforated box bafil Connewions.—All connexions to boilers should be-elhstic, 
Fittings.—The fittings are so that all those e inside, the arg xy hapten so as to allow of their movement. If the maim steam pipe 
requiring access within reach of about 50 square ine for each age chont 5 equare be carried across the boilers and. bolted direct to the. steam 
i junction valve, joints.are strained. hy the , 


foot of firegrate. firegrate is 6 ft. 
=i ars in spalpeesl lengths, ee din. 
fale oad sosced dia, apart tos. windage, "Tbe beaswe 
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the main steam pipe has a considerable h to travel to the 

ine, it should not be taken in a di line, but should 
either be carried round the boiler house or be led in a 
horse-shoe shaped course, to give elasticity ; this is better 
than introducing an onpenaion joint, which is not reliable. 
Sometimes expansion diap s are adopted ; but these 
when as much as 4ft. in diameter have been known to lead to 
thefractures they were intended to prevent, the internal pres- 


sure causing them to bulge outwards, when it was expected | 5 


that they would allow the pipes to expand and thrust them 
inwards. A case of this sort has recently come under the 
writer’s knowledge, in which the main junction valve was 
broken off by the thrust occasioned by the bulging of the 
expansion diaphragm. It is equally important that the 
feed connexion should be elastic; and from the want of 
elasticity, feed valve-boxes have been known to fracture. 
For this purpose a copper elbow connecting ive is intro- 
duced between the main feed pipe and the d pipe; in 
some cases a wrought-iron horse-shoe shaped pipe has been 
adopted instead, with very satisfactory results. 

Connexions between the steam stop-valve and main steam 
pipe are frequently made to incline upwards, so that the 
water may drain back to the boilers. This plan, however, 
is objectionable ; for when one of the boilers in a range 
is laid off, the connecting length ;becomes filled with water 
from condensation of the steam, which, cooling by radia- 
tion, sets up a violent conflict with the steam, whereby the 
pipes are sometimes fractured. The action may be illus- 
trated by the commotion which occurs within a locomotive 
tender when the steam from the boiler is turned into it. 
Further than this, on opening the steam stop-valve of a 
boiler that has been laid off, the water lying on the top of 
the valve is apt to be carried forward by the rush of steam, 
like a water hammer, and sometimes to burst the pipes. To 
prevent this the steam pipe should drain towards the engine, 
and not towards the boiler, its course being intercepted by 
a separator fixed as near the engine as convenient. The 
principle on which these separators act is}that of making 
the steam take a sharp turn, so as to shoot off the water 
mixed with it into a catch chamber prepared for the pur- 
pose. Many of these separators are now at work; the 
principle was advocated by Dr. Haycraft, of Greenwich, 
five-and-twenty years ago. 

Weight and Cost.—The weight and cost of such a boiler 
as has now been deseribed is about 12 tons without fittings ; 
with fittings 15$ tons. The cost at the present time, de- 
livered on the premises of the purchaser within a few miles 
of Manchester, and including the attachment of the fittings, 
is about 4251. The plan of buying a boiler at so much per 
ton, and then the fittings at so much extra, is quite given 
up in favour of purchasing the whole for one sum. 

Heating Bucloce.—tan a boiler has a heating surface 
in the external shell of 370 square feet; in the furnace 
tubes, without water pipes, 450 square feet; in the water 
pipes 30 square feet; making a total of 850 square feet. 
The firegrate has an area of 33 square feet ; this gives for 
every square foot of firegrate 26 square feet of heating sur- 
face. The surface in feed-water heaters varies ; sixty pipes, 
each re heating surface of about 10 square feet, are 
now frequently introduced per boiler, making a total heat- 
ing surface of 600 square feet, or about three-fourths of 
that in the boiler. 

Working Results.—Such a boiler as that described will 
burn, without distress to the boiler, from 15 tons to 20 tons 
of coal ina week of 60 working hours, or from 17 lb. to 
23 Ib. per square foot of firegrate per hour. This may be 
done without making smoke ; all that is needed is to main- 
tain a good thickness of fire, throw on the coal little and 
often, admit a little air above the bars fora short time after 
firing, and avoid the use of the rake. The coal may either 
be spread over the whole surface of the fire or thrown. at 
alternate firings first to one side of the furnace and then to 
the other, on the “side firing’ system introduced by Mr. 
Charles Wye Williams. 

Lancashire boiler experimented on at Wigan, with 
furnaces Z ft. 7} in. diameter and a firegrate 4 ft. long, 
evaporated 83.54 cubic feet of. water per hour, from a 
temperature of 100 deg. Fahr., at the rate of 10.44 lb. of 
water per pound of coal, when burning 24 Ib. of coal per 
square foot of firegrate per hour. With a firegrate 6 ft. 
long it evaporated per hour 98.58 cubic feet of water at the 
rate of 10.37 lb. of water per pound of coal,-and burnt 19 Ib. 
of coal per square foot of firegrate per hour. These results 
were obtained at atmospheric pressure, with the help of a 
water heater, with ee round coal and without making 
smoke. The boiler described in this paper, having furnaces 
2 ft. 9 in. in diameter, would evaporate a larger quantity 
of water per hour. Such a boiler is found in practice to be 
capable, provided the steam be applied to a fairly economical 
engine, of developing 200 indicated horse power per hour, 
and 20 indicated horse power per lineal foot of boiler 
frontage, side flues included. A Cornish boiler under 
similar conditions is capable of developing 16 indicated horse 
power per foot of boiler frontage. This leads to a question 
of the utmost importance, namely, the one which the late 
Mr. Robert Stephenson defined as the ‘administration of 
the steam ;” and fuller information is yet needed as to the 
comparative advantage of working steam on the compound 
or single-cylinder principle ; also as to the value of steam 
jackets, as well as with regard to the initial and terminal 
pressures most conducive to economy. ‘These inquiries, 
though full of interest, cannot be entered upon in the present 
paper ; but one of the essentials to economy is the power of 
raising high-pressure steam steadily’ and safely, and this 
may be accomplished by the use of the Lancashire boiler. 





BURNTISLAND Dock.—The contract for laying the rails 
around the new dock at Burntisland, nae Sm distance 
to 2400 yards, has been taken by the North British Railway 
Company at 38001., a sum less by 1201. than the offer of the 
contractor for the other works. The remaining works to 
complete the dock haye now been all provided for, 


THE OGI PAPER MILL, JAPAN.* 
By Mr. Wrii1am Anperson, of London. 
Tue Ogi Paper Mill is situated in the neighbourhood 
Yeddo, and belongs toa Japanese La ow a Tt has 
designed for the manufacture of rags or 
he of engine 
of 


prepared fibres, and produces all kinds 

paper that are used for printing, vies pepering, 
F writing paper. 
is one of recent construction, having been 


&c., and also the lower qualities 

gi 
by the author’s firm in 1874, and will serve as an 
tion A a a complete paper-making establishment with modern 
machinery. 

The process of manufacture of paper is divided into two 
portions—first the preparation of the material, and second 
the making of the paper. The first portion, comprising the 
preparation of the rags to form the pulp from which the 
paper is subsequently manufactured, consists of the follow- 
ing series of processes—gorting, cutting, dusting, boiling, 
washing, bleaching, beating, and col .! : 

Sorting.—The rags are first carefully picked over in the 
sorting room, to cut ontall silk or woollen material, buttons, 
hooks and eyes, &c., and separate them into different 
qualities. This is done by women, at the separate small 
tables, which are made with one half of the top of coarse 
wire netting, and a knife blade standing up in the middle 
upon which the rags are cut, the dust and fluff falling 
through the netting. 

Cutting.—The rags are then cut up into small pieces by 
a cutting machine. In many paper mills this is done by 
hand bythe sorters. The cutter is of Bryan Donkin.andCo.’s 
make, and consists of a flat iron plate upon which a cross 
knife and three longitudinal knives descend,. being so ad- 
justed as just to touch and press upon the plate. : ‘Thera 
are fed on to the plate by a travelling leather band, whi 
has an intermittent motion, and forms the bottom of a 
trough containing the rags; the knives have a stroke of 
6 in., and make sixty cuts re minute, dividing the rags 
into cubes of about 8in. At first sight it would seem that 
the knives, actually cutting down upon an iron » would 
not long retain their edges ; but experience has shown that 
if the machine is carefully ad ich i ily done, 
the knives are not blunted the iron plate, but by the 
material they cut. In’ cutting the worst materials, the soda 
knives require re-sharpening every two or three days. Be- 
sides the saving of labour effected by the cutting machines 
they have the advantage of dividing the rags- sharply and 
without making dust, into regular sizes ; which is important, 
because in a manufacture where a regular is to 
be obtained—such as uniformity: of texture or 
colour—every stage of the man ure should be as 
regular as possible. The other materials—old , hemp, 
flax, and other pre fibres that are used for paper 
making—are treated in the same manner as x 

Duster.—F rom the cutting machine the 
to the duster, which is a cylinder of open work, lined 
internally with wire net, + kre meshes per inch, and having 
a number of pointed irom spikes, {6 in. long; jecting in- 
wards. The cylinder is 4 ft. 6 in. in diam 15 ft. in 
length, placed at an inclination of 1 in 16, and revolving five | °° 
times per minute pany friction -rollers: at each end. The 


rags are fed in at the after 
being well tossed about phy spikes are discharged at the 


lower end, the dust and dirt falling #! h the wire sides. 
In wane mills the age ae toes te sledes by a devil” or | BPoximit 
rough ca engine, is generally 
is a considerable loss of fibre from such violent treatment. 
For very low qualities of ; washing machines of a 
similar construction to the d » but working in water, 
are used, and a great deal of dirt is thus got of before 
the next process of boiling. 

Boiling.—This is done in a pair of revolving boilers. 
Ife Bin. high capable of sos ting Da toned vapsincomk 

. 6in. high, capable of con a ton in each, 
sind ‘Ghaiditing w wotkin pressure of 601b: per inch. There levers 
is a manhole at one end of each, with the lid fixed by tee- 
headed bolts, that can be readily taken out by slackening 
the nuts a turn or two; and the other end is fitted with a 
orated false bottom fixed in the rounded end.- Each 

iler is carried upon two hollow trunnions, through one of 
which steam is admitted by a pipe that discharges under 
the false bottom, and the other admits either: water or 
alkali solution in all positions of the boiler whether stand- 
ing or revolving ; a cock is also fixed in the end under 
the false bottom. The boiler is supported on massive cast- 
iron frames, and made to revolve upon the trunnions once 
in ten minutes by means of a wormwheel and screw. It is 


h the manhole’ from: ‘a’ ho; 
above, and after being fall with - 
through the trunnion, steam is turned on; and’the manhole 
lid fastened down, the air escaping at a cock in the lid. 
he water boils, as shown by from the air- 

motion until 
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generall 
the boiler is stop 
cock, and the boiled rags‘ are 
A few turns of the boiler, ‘aided by a r 
it, and the boiled rags are then placed in protien or 
the next process. Sometimes clear water lnced 
after the — liquor is out, -_ before the — 
opened, and a few turns given to partially wash the rags 
from the alkaline olalien. y 

There are many varieties of rag boilers—some fixed and 
open at top, boiling at atmospheric pressure; oth 
spherical, and others cylindrical revolving about their long 
sae ane oa use high- steam. 
not much difference in the 
revolving boilers, but the’ author 
scribed, as it takes less room, and tumbles the rags about 
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minute, and it is fitted with paddles which keep the ‘‘ half- 
stuff’’ in circulation. A revolving drum, as in the washer, 
drains the water out of the stuff until this is as thick as it 
can be got to circulate, the drum is then raised clear of the 
stuff, and acertain quantity of bleaching powder solution 
is run in and mixed thoroughly by the circulating action. 
The proportion of bleach added, and the time of mixing, 
vary very much with the quality of the rags or the paper 
to be produced ; fine white rags, such as are used in making 
bank notes, do not require any bleach, while straw takes as 
much as 2 cwt. to the ton. Theexposure to the light and 
air that is effected by the constant turning of the stuff is a 
powerful auxiliary in bleaching. When the mixing process 
is completed, the stuff is run into a steeping chest of 
masonry, havi 
covered with 


the bottom sloping to a central drain 
orated tiles; and after steeping for some 
time, the spent bleach liquor is drained off, and pumped up 
for use again in the “ poacher.” The stuff is taken out 
when drained and allowed to gain additional colour by ex- 
posure to the air in bins. 

The bleach-mixing apparatus consists of a cast-iron dis- 
solving tank 6 ft. in diameter and 4 ft. in depth, fitted with a 
revolying agitator. The bleaching powder (CaO Cl,O+ 
CaCl, 2 CaO) solution is prepared by filling the tank half 
full of water, and throwing in about lb. of powder ; the 
agitator is then started and the tank filled up with water. 
After about three hours’ mixing, the solution is left to 
stand twelve hours, and the clear liquor, which then indi- 
cates 11 deg. of Twaddie’s hydrometer, is pumped up into 
the store tanks, which are cast-iron tanks 6tt. 8 in. square, 
and supply the poachers. The clear liquor is pumped out 
from the dissolving tank by a pipe inserted 15in. from 
the bottom, and fitted with a short flexible hose, supported 
inside the tank by a gutta-percha cord and balance weight, 
to adjust the depth from which the liquor can be drawn 
of clear. The tank is then half filled again with water, 
and 525 lb. of bleaching powder added, the agitator worked 
again for three hours and the tank filled up; and after 
settling eighteen hours, the resulting solution, which again 
indicates 11 deg. of the hydrometer, is pamped up as before 
into the store tanks. The dissolving tank is in half 
filled with water, the agitator worked for half an hour, and 
the whole contents are then discharged by an outiet valve 
into a brick bin under the store tanks. A clear liquor 
of 3 deg. strength is there separated, which is pumped up 
into the store tanks and thereby reduces the strength of 
solution in them to 8 deg., at which it is generally used ; 
the actual proportion of bleaching powder in the solution is 
0.66 lb. per gallon, and any given weight of bleaching 

wder can therefore be readily measured into the poachers 

y reckoning the number of pounds corresponding to each 
inch in depth of the store tanks. The spent mom be when 
drained of the liquor is _ out of the bins and thrown 
away. The strength at which bleach solutions are used 
varies as much as from 5deg. to 12 deg. Twaddle ; about 
41b. of bleaching powder per cwt. of fine rags, and 6 lb. for 
coarse rags is a common allowance. The powder is sup- 
plied in casks of 5 ewt. each, of different qualities according 
to the percentage of chlorine, the usual strength being 
36 per cent. 
aters.— The bleached half-stuff after having been 
thoroughly drained in the bins and brought to a proper 
colour, is removed in wooden wagons along a tramway to 
the hydraulic lift that raises it to the beaters, which stand 
directly below the washers. They are the same as the 
washers before described, excepting that the clumps of 
blades in the roll have three instead of two knives each, 
and the bottom plate has twenty-four knives } in. thick ; 
also the sand strainers at the bottom and the drum washers 
are omitted. The beaters are driven rather faster than the 
washers, and run at 180 revolutions per minute. The 
office of the beaters is to reduce the half-stuff to the proper 
state for making the required quality of paper, and in 
doing this lies the main art of the paper maker. The time 
necessary for beating a charge varies from two to nine 
hours, according to the nature of the fibre required in the 
aper, three to three and a half hours being the usual time. 
f the fibre is to be short and coarse, the roll is let quickly 
down on the plates and a rapid cutting action takes place ; 
but if a long fine fibre is required, the roll is let down very 
steadily and with great care, so that the fibres of the ma- 
terial are, as it were, rubbed asunder and split longitudinally 
instead of being cut. The stuff when placed im the beaters 
is generally in a nearly neutral state, but if it is found to 
show traces of bleach, it is washed whilst being worked by 
means of a stream of clear water removed again by the tap 
board, and to hasten the killing of the bleach a solution 
of hyposulphite of soda (Na, 8, 0O,) is often used. It is 
also while the stuff is in the ters that resin-size and 
colour are added, when required by the nature of the 
paper to be manufactured ; and there too any adulterating 
materials, such as starch and china clay, are applied. The 


finished stuff is conveyed from the ters by separate 
wood shoots, at a slope of jin. foot, to either of two 
stuff chests, so as to allow two different qualities of colour 


of stuff to be prepared at the same time in different beaters, 
ready for the supply of the paper-making machine when 
changed from one sort of paper to another, the white and 
the coloured stuff having to be kept separate in different 
shoots 


Sise Making.—The preparation of the vegetable size is a 


very important process. The size-making atus con- 
sists of a cant ivén t, 3ft. Gin. in yn. mag holdin, 
170 gallons, fixed high enough to command three cove 


store tanks of = i — rad 
pared in one of two pairs of wood tubs, 
of fresh slaked lime with ~ pny 
allowing the mixture to stand about eight hours, when a 
ee wae bee drawn off, 24 gallons of which 

gon Sito the bee mieing pe To this is added 70 Ib. of 


Lime water is pre- 
mixing one part 
cold water, and 


with gentle stirring for seven hours, during which time 
30 Ib. of rice flour, anda ert ap of neatsfoot oil are added. 
When the whole is thoroughly dissolved and blended, the 
pot is filled up with water, and the heating and stirring 
continued till a perfectly uniform light yellow fluid is ob- 
tained, which is then run into the store tanks for the 
supply of the beaters, to each charge of which about ten 
pints of size are used. If size is imperfectly made, it is apt 
to stain the paper and do a great deal of mischief. Colours 
for the most part are obtained ready for use, and are simply 
added by measure to the beaters. Sulphuric acid is used in 
the washers, poachers, and beaters to discharge colour or 
neutralise alkali. 

Paper-making Machine.—The stuff prepared as has 
been described is now ready to be made into sheets in the 
paper-making machine. T actual conversion of the pulp 
into sheets of paper comprises the following series of om 
cesses—straining, knotting, paper-making, pressing, dry- 
ing, glazing, cutting, sorting, polishing, and oy % 

Strainer.—The two chests that receive the stuff from 

the beaters are 12 ft. in diameter and 5 ft. 6 in. in depth, and 
are fitted with revolving wood agitators, which are so ar- 
sage that at each revolution they cut through nearly the 
whole of the contents of the chests, thus keeping the stuff 
ata uniform density; they run at seven revoiations per 
minute. The stuff is drawn out by a pump of the bellows 
type, having a 13in. barrel coumell te a raw hide dia- 
phragm, working at 60 double strokes per minute, with a 
stroke of only from 1} in. to 2in.; the valves are of the 
fish-mouthed kind made of india-rubber. The pump de- 
livers into a small iron regulating cistern on the top of the 
rising main, which is also furnished with a large air vessel ; 
and an overflow notch near the top of the cistern discharges 
the surplus stuff back into the chest. The pump is ad- 
justed in length of stroke so as always to raise a greater 
quantity than is consumed 7 the paper-making machine, 
into which the stuff flows from the ating cistern 
through a V-shaped opening that is cl by an inverted 
V-shaped slide, so that s uniformly square opening is 
always maintained, whatever may be the size to which it is 
re; ted. The object of the above arrangement is to in- 
sure an absolutely uniform flow of the stuff, which is of 
special importance for obtaining uniformity in the con- 
tinuous sheet of paper manufactured from it, by maintain- 
ing a uniform head for the flow from the cistern, whatever 
variation of level there may be in the contents of the chest. 
In order to reduce to a minimum the chance of sand or 
other hard matters getting into the machine, where they 
would do great mischief, the stuff in passing from the re- 
gulating cistern flows over a er strainer, consisting of 
a shallow wood tray, 13 ft. in length and 3ft. in width, placed 
at a slight inclination, and fitted with a frame containing 
about fifty small weirs, over which thé stuff flows, deposit- 
ing, in the eddics formed, any gritty matters or knots. 
This strainer is easily cleaned by raising the frame 
flushing the tray when the machine is being washed down, 
and it is surprising what a large quantity of sand is caught 
in the upper part of this apparatus. 
Knotters.—The stream of stuff in passing to the strainer 
mixes with the back water from the machine and flows 
thence into two knotters, by which a further separation 
takes place, not only of knots and impurities, but also of 
strings of matted fibre, or fibre not ground fine enough. 
These knotters are com each of a set of three brass 
plates lin. thick, perforated with numerous very fine slits, 
the widths of which are designated by a series of letters 
and numbers, and vary with the class of paper to be made. 
The manufacture of these plates requires special machinery, 
and is confined to two or three makers. The perforated 
plates form the bottom of a shallow brass box, 5 ft. 3in. 
in length, and 2 ft. 2 in. in width, below which is a diaphragm 
of 1}in. india-rubber, fixed round the margin and con- 
nected by vertical rods to two levers worked by an eccentric 
below, the speed of which is regulated by driving cones to 
from 90 to 160 strokes per minute, giving a stroke of 3% in. 
to the india-rubber diaphragm which is fixed across its 
centre, the connnecting rods being one on each side. A 
5in. discharge pipe passes down through the fixed centre, 
and is carried through the side of a distributing vat, in 
which it turns up again, ending in a sliding bell-mouth that 
is at a level of lin. or 2in. below the knotter plates. The 
ropelling force for the stream of stuff is the difference of 
evel between the mouth of this pipe and the stuff in the 
knotters, which is made to cover the perforated plates 
about }in. deep; and therefore by altering the level of the 
sliding bell-mouth the rate at which the knotter passes the 
stuff can be accurately ted. The pumping action of 
the diaphragm has the same effect as the jarring motion in 
use in the common rapping knotters, but it has the advan- 
tage of being quite sent in its action. Such fibres and 
impurities as cannot through the slits are scraped off 
from time to time by the attendant, and these are worked 
up afterwards into inferior papers. 

When coarse papers are being made the knotters are 
commen not used at all, the stuff being run direct into 
the distributing vat. This is a cast-iron trough, 7 ft.inlength 
2ft. in width and 3 ft. in h, having a semi-cylindrical 
bottom, with a horizontal paddle or agitator running close 











to it at one-tenth the s of the kno’ , and the stuff is 
discharged from it by an overflow lip 6ft. wide into the 
feed box of the shake frame. A partition in the trough 
compels all the stuff to pass under the agitator, and pre- 
vents the passage of any froth that may be caused by the 


knotters. 
(To be continued.) 





Bgexi@ran Coat Mrinrne.—The total number of workmen 
employed in coal-mining industry in Belgium in 1874 was 
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WELLS IN THE LONDON CHALK. 


On the Yield of Wells Sunk in the Chalk in the Central 
Portion of the London Basin.* 
By Mr. Epwarp Easton, of London. 

THE question of water supply to London is so important 
and so interesting to engineers, that the writer does not 

i lace before the members of the Institution some 
facts, which in the course of a long experience he has 
gathered, and conclusions he arrived at, in the hops 
that the statement of them may elicit additional informa- 
tion and valuable opinions on the subject. The geology of 
the London basin has already been most ably and fully 
described by Professor Prestwich, Mr. Whitaker, Professor 
Ansted, and others ; and it is not proposed to refer to it, 
except as far as the great divisions of the stratifica- - 
tion affect the water-producing power of the basin genc- 


rally. 

The two great water-bearing divisions are, first, the 
chalk denuded of superincumbent strata (except gravel), 
which receives the rainfall direct ; secondly, the chalk 
covered by the tertiary deposits, which receives the rain- 
fall, partly from the ded chalk, and ling | after its 
passage through the pervious beds underlying the London 
and plastic clays. It is to the consideration of this latter 
division that the mt paper relates, and especially 
to that portion of it which is situated in the middle of 
London, within a radius of four or five miles from Charing 
Cross. 

The chalk under London is always spoken of as taking the 
form of a basin; and this is strictly correct, as far as 
regards both its configuration of surface and lines of strati- 
fication along sectional] lines fron north to south. But it re- 
sembles a basin with a lip or spout to it in the other direc- 
tion from west to east, the spout or outlet being the valley 
of the Thames below Woolwich, where the river after passing 
through the tertiary strata resumes its course through thie 
chalk itself. 

Were it not for two disturbing causes, it would be easy 
to trace the rainfall from its point of reception into the 
chalk to its outlet into the Thames, and so on to the sea ; 
and an approximate estimate might be formed of the 

uantity so passing. But in the first place it is very 
dificult to determine the amount of obstacle offered by tho 
deflection of the chalk to such a depth as it assumes unde: 
the tertiary strata, a depth varying from 100 ft. to 300 ft. ; 
and in the next place there occurs a great fault in tho strata 
on the east of London, which has a very marked effect upon 
the outflow of the water. 

It is not possible to describe this fault in shorter or 
clearer than that used by Mr. Whitaker :+ 
‘The most important fault in the London basin is that 
along the valley of the Thames below London, with a 


and | downthrow on the north sometimes to an extent of about 


100 ft. and perhaps more, which may indeed have had some 
effect in determining the course of part of that valley. It 
was seen in section in two railway cuttings south of 
Deptford, is proved well sections at Greenwich, is lost 
sight of [? under the — at Woolwich, is again shown 
farther eastward, again lost under the river, and last 
occurs on the northern side of the Thames near Purfleet 
and Stifford. In thus attempting to trace this fault for so 
long a distance I must be understood to speak with a little 
doubt, as there are two breaks in the chain, and as on the 
north of the river the beds are so much hidden by alluvium 
and gravel. In Mr. Mylne’s geological maps of London no 
such line of fault is shown, but that at Greenwich is made 
quite distinct from that at Abbey Wood. I was quite 
unable however to trace any such lines of fault as those on 
Mr. Mylne’s map, and it seemed to me much safer to 
connect the three separate exposures of Greenwich, Abbey 
Wood, and Stifford, in a gentle curved line.” 

The writer has quoted the whole of the passage, becauso 
it rather contradicts the facts ppblished by Mr. Mylne in his 
careful map of the London strata. Mr. Whitaker further 
says that “‘there may be other faults in this disturbod 
tract’’ (south-east of London), but that, ‘‘ acting on the 
safe principle in logical mapping, not to draw a fault 
unless it is ac’ seen,’ none have been marked on the 
geological map of ‘England. 

The fault thus described, combined with the fact of the 
chalk being disturbed, has caused a sudden alteration in the 
level of the water in the chalk ; for whereas in the wells in 
Bermondsey on the south of the Thames, and Whitechapel 
and Shadwell on the north, the normal level of the water is 
from 70 ft. to 90ft. below Trinity high-water mark, the 
wells at Greenwich and those of the Kent Water Works on 
the south, and at Grays and other places eastward of the 
fault on the north side, have their normal water-linc 
merally at about mean-tide level, or about 10 ft. below 
rinity. 

The other disturbing element in the flow of the water, as 
distinguished from the phenomena to be observed in what 
the writer will term pure chalk districts (such as the 
Brighton Downs for example), is that described by another 
eminent geologist, Professor Prestwich.t ‘‘ With reference 
more particularly to the condition of the chalk underlying 
the tertiary strata, it is evident, in the many movements 
of elevation and depression which the crust of this part of 
the earth must have undergone, that those strata which 
form the immediate surface must have been far more 
shattered ay" peo than L.: which = covered by a 
great weight of superincumbent deposits ; the one portion 
would be extensively fissured and creviced, whilst the other 
would remain comparatively unbroken and entire. There- 





_* Paper read before the Institution of Mechanical En- 
gineers. . 
+ Memoirs of the Geological Survey, vol. iv., part 1, 





computed at 109,631. The average wages each man 
were 3s. 4d. per 3 The total production of 1874 was 
14,669,000 tons, of the aggregate estimated value of 
9,636,4001. 
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‘ore we cannot expect to find in the deep-seated mass of 
oni beneath i athnes strata the same facilities for the 
transmission of water as those which evidently exist in it 
where it constitutes the surface of the country.” 

Were it not for these disturbing elements, the flow of 
water in the chalk under London would doubtless follow 
more closely the general laws which govern it in pure c 


tricts. 

In the case of Brighton for instance, the rain which falls 
on the surface is to a greater or less extent, according to 
the period of the year, absorbed into the body of the chalk, 
and finds its way straight to the sea, partly through 
vertical fissures made during the course of ages in the 
solid rock itself, and partly along the horizontal lines of 
flints, which frequently in that district form unbroken beds 
of very considerable extent, The whole of the rainfall, 
except that absorbed by vegetation or given off by evapo- 
ration, percolates into the chalk, and has its chief outlet 
into the sea ; just as, in the case of the London basin, its 
chief outlet would naturally be towards the river Thames 
at Deptford and below. When the chalk becomes full, the 
surplus water runs out at springs, which break out 
along the great escarpment at the northern boundary of the 
South Downs, at Poynings, Plumpton, and in the Clayton 
tunnel of the London and Brighton Railway ; just as, all 
round London, the overflow of the chalk finds its vent in 
the springs forming the rivers Wandle, Ver, Colne, Wendle, 
&c. But whereas the main body of water at Brighton runs 
into the sea underground, and only the surplus water finds 
its way into the open country; in the case of the London 
basin there is good reason for supposing that the great 
bulk of the rainfall on the chalk and strata feeding the 
chalk, situated to the westward of the fault above men- 
tioned, runs out at these streams, and that only a com- 
paratively small portion finds its way into the chalk under 
London. This view is strongly corroborated by the fact 
that—w hereas in London proper, where the chalk is covered 
with thick tertiary deposits, it is rare to meet with any 
well which will yield more than from 300,000 to 600,000 
gallons daily (there is only one well the writer is acquainted 
with doing more than this, namely that of the Government 
Water Works in Orange-street)—the wells and boring of 
the Kent Water Works give quantities varying from 
1,000,000 to 5,000,000 gallons daily. 

The fissures in the chalk being comparatively small, it 
follows that the inclination of the surface of the water will 
be such us to give the necessary head for the delivery of the 
water through them in proportion to their size. This rate 
of inclination in the Brighton chalk is as nearly as may be 
40 ft. per mile. The writer has made careful observations 
as to this, the result of which was that the level of the 
water in wells situated ina straight line northward from 
the centre of Brighton to the Clayton spring described a 
flattened curve, which varied in its shape according to the 
season, but approximated to the rate of inclination above 
given. A record was kept at the Brighton Water Works 
for upwards of twelve years, which showed that the depth 
of water level in the wells varied with the rainfall ; a 
diagram of this is shown. Speaking generally, the 
depth of water level in the wells at Brighton was at its 
maximum in March each year, and the minimum was in 
October to December ; but this was dependent upon the 
season, it being observed that the curve formed by the 
depths of the water followed that of the rainfall at an in- 
terval of about four months. Very much the same phe- 
nomenon takes place in the London basin, where again on 
the average the lowest time in every year is March, and the 
highest November to January. 

The disturbing causes have produced also another result 
in the case of the London basin, namely, the uncertainty 
of finding water in any quantity. This is particularly 
shown by the difference in the yield of the well at Trafalgar- 
square and at Combe and Co.’s Brewery in Long Acre, the 
former giving above 600,000 gallons daily, whereas the 
latter at the distance of little more than a mile does not 
afford a supply of one-tenth the amount, although the 
water level is lowered very considerably more. 

It is very difficult to determine also how much of the water 
obtained from the wells sunk through the tertiary strata 
into the chalk is derived from the chalk itself, and how 
much from the sands between the plastic clay and the chalk. 
At many places the quantity from the sands is very much 
in excess, as for instance at Troman and Hanbury’s 
brewery, where out of a daily yield of 120,000 gallons, only 
10,000 gallons, or one-twelfth of the whole comes from the 
chalk itself. The writer’s opinion is that in every well sunk 
in the centre of the London basin, where the chalk is covered 


by the tertiary sands, there is a very considerable ad-| 


mixture of water from these sands with the chalk water 
proper, if, indeed, this admixture is not quite general all 
over the district. The chief reason for coming to this con- 
clusion is that—whilst the analysis of water derived from 
denuded pure chalk invariably shows a hardness, according 
to Dr. Clark’s test, of from 14 deg. to 18 deg., arising to a very 
great extent from the presence of carbonate of lime and to 
« smaller extent from chloride of sodium—the water ob- 
tained from boreholes or wells sunk through the tertiary 
strata is generally soft, and varies from 3 deg. to8 deg. This 
does not arise from the absence of minerak matters in 
solution, so much as from the presence of alkalis which 
neutralise the en a effects of the salts. Thus, whereas 
the average analysis of pure chalk water would be some- 
what as follows : 
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or from 40 gr. to 70 gr. per gallon. 

Another point to be observed in connexion with all these 
wells is that the level of the water in them is steadily lower- 
ingas the sinking of new wells in the district causes a 
larger amount to be drawn from the strata. This has been 
observed in nearly every well which has been steadily 
worked ; and several cases are known where wells have 
become disused, owing to their having run dry. 

From all these facts the writer draws the conclusion that 
the passage of the water through the fissures of the chalk 
under the tertiary strata is very much impeded ; and that, 
although there is an immense surplus of rainfall percolating 
into the chalk all round London, comparatively little finds 
its way into the chalk beds beneath the centre of London ; 
and that what does so pass is very much mixed with water 
which has either come direct from the outcrop of the 
tertiary sands, and through them into the wells, or in its 

ssage from the upper levels of the underlying chalk to the 

ower parts of the stratum gone through some of those 
sands. It is evident that no + quantities of water can 
be expected under London itself, certainly not more in the 
writer’s opinion than will be wanted for manufactories and 
large consumers; and that any great addition to the 
general supply of the metropolis from the chalk must be 
— 1 from the outlying districts where that stratum is 
enuded, 








FOREIGN AND COLONIAL NOTES. 

The Khedive’s Sugar Factories.—During their recent 
visit to Egypt, Mr. Cave and Colonel Stokes inspected the 
sugar factories and plantations of the Khedive. The sugar 
factories are yielding a larger revenue than hitherto, and it 
is expected that in course of time they will become still 
more remunerative. 


Working Expenses on the Union Pacific.—The ratio of 
the working expenses to the traffic receipts on the Union 
Pacific Rail road last year was 41.54 per cent. as compared 
with 44.05 per cent in 1874. 


Tasmanian Tin.—The tin industries of Tasmania are 
reported to be in a flourishing condition. Credit is given 
to the Mount Bischoff —— » which is said to have 
largely aided the work by developing the tin mines of 
Tasmania genera!ly by erecting smelting works at Laun- 
ceston, where the poorest working miner holding a claim 
- sell small parcels of ore and receive ready cash for 

em. 


Pennsylvania Railroad.—In connexion with the Penn- 
sylvania Railroad, it may be observed that 2} miles of ad- 
ditional track were laid in 1875 upon the Tyrone and Clear- 
field Railway. The coal business of the Clearfield district 
is growing rapidly, showing last year an increase of 260,000 
tons, as compared with 1874. 

American Steam Canal Boats.—The Baxter Steam Canal 
Boat Transportation Company’s report to the State engineer 
of New York on its business in 1875 places the freight re- 
ceipts at an average of 884 dols. per round trip of 25 days, 
a the running expenses per boat at 305 dols. per month. 
The average running time per round trip was 13 days. 

South Italian Railway.—The Italian Government, 
having purchased the network of the South Italian Rail- 
way Company, willtake possession of the system July 1, 
1876. The Thalia, n Government will also take possession 
of the Calabro-Sicilian lines at the same date, having 
acquired those lines in addition. 

Rolling Stock on the Chicago and Alton.—At the close 
of 1875, the Chicago and Alton Railroad Company possessed 
156 locomotives, of which 40 are provided with the Westing- 
house automatic air brake, and eight with driver brakes. 
The company also possessed 1614 house cars, 151 combina- 
tion (box and stock) cars, 397 stock cars, and 885 platform 


and coal cars. 


Austro-Hungarian Railways.—At the close of 1870, the 
extent of the completed network of railways in Austria and 
ungary was 1246} an miles. The corresponding 
extent of completed line at the close of 1875 was 2190} Ger- 
man miles. 

A Dredger for Queensland.—A large screw steam dred, 
named the Groper, recently launched by Messrs. T. Win. 
ae and Co., of Whiteinch, for the Government of Queens- 

nd, will be bem Ser in carrying extensive improvements 
now in progress at Brisbane under the direction of Mr. W. 
D. Nisbet, C.E., engineer to the Queensland Government. 


The Suez Canal.—In the first ten days of April, 51 ships 
passed pag the Suez Canal. The ‘transit revenue 
collected by the Suez Canal Company in the same period 
amounted to 40,6401. It will be seen that the company’s 
receipts are kept up at a very satisfactory level. 

Surveysin South Australia.—The Government of South 
Australia has decided on increasing its surveying staff, so 
that 150,000 acres of the public lands of the colony may be 
made available for sale every month. 

Puddlers in the North of France.—A scarcity of puddlers 
is experienced at some of the iron works in the orth of 
France, and those who offer their services are very exacting 

which they require. This has caused more 





as to the w: 
attention to be given of late to the question of mechanical 
puddling. 





American Rivers and Harbours.—The amount officially 
proposed to be expended on American rivers and harbours 
this year is 5,877,000 dols. This outlay, which has not yet 
received the definitive approval of Congress, is about 
1,000,000 dols. less than the corresponding appropriation 
for 1875. 

Steel Rails in the United States.—In the course of last 
year the Chicago, Burli m, and Qui Railroad Com- 

y relaid with steel rails 102} miles of its track, viz, 
iles in Illinois 46} miles in Iowa. The whole 
distance steel-railed upon the system is now 389 miles. 


Krupp Guns for Turkey.—The Sultan of Turkey is said 
to be so pleased with a monster gun presented to His 
Majesty by Herr Krupp, that he has ordered from that 
eminent manufacturer more cannon of the same size. 
As these guns cost 25,000 Turkish pounds each, the total 
amount represented by the new order, including freight, 
&s., will be something over 75,000 Turkish pounds. 


American Steam Navigation.—The Harlan and Holings- 
worth Company, of Wilmington, Delaware, has launched 
an iron steamer, the iers, designed for Mo ’s line 
between New Orleans and Morgan City. The dimensions 
of this steamer are as follows: Length, 275ft.; width of 
beam, 38ft.; depth of hold, 22ft. The steamer is ex- 
pected to be ready for sea by the latter part of this month. 
Another steamer of the same dimensions as the Algiers is 
now on the ways at Wilmington and will shortly be 
launched. Both steamers will be schooner rigged. 


American Patents.—The receipts of the United States 
Patent Office in March, 1876, were 80,459 dols. This is 
the largest amount yet collected in any single month, and 
about 10,000 dols. in excess of the collection of March, 1875. 


Gas in Melbourne.—The South Melbourne Gas Company 
has completed the laying of its mains in certain streets of 
Melbourne. The company has now laid down nearly 50 miles 
of mains. 

New Zealand Patents.—During last year, 22 patents for 
various inventions were taken out in Kew Zealand. Mr. 
W. F. Crawford, of Dunedin, patented a floating dock to 
raise vessels by pumping air into the dock. Mr. G. W. 
Hollis, of the Thames, applied for a patent for a flux for 


ee titaniferous iron ore, but the application was re- 


Belgian Industrials in Russia.—M. Evrard, the 
managing director of the Belgian Railway Plant Construc- 
tion Company, has returned from Russia, where he has 
been making a business tour. M. Evrard brings back with 
him orders for several hundred goods trucks and passenger 
carriages. He has also secured a contract for an iron 
bridge. 

Philadelphia.—In April, 1876, Philadelphia possessed a 
population of 817,448. In 1870, the corresponding popula- 
tion did not exceed 674,022. 


Spanish Copper.—The profits realised by the Huelva 
Copper Mines Company last year amounted to 62,0001. 
This satisfactory result enabled the directors to increase 
the dividend paid upon the company’s shares for 1875 to 
the extent of 4s. per share as compared with 1874. 


American Machinery for Siberia.—Ten car loads of 
machinery have been forwarded from St. Louis to 
Francisco for shipment from that port to Siberia. This 
machinery is to be put into eight steamers which will ply on 
the Amoor river. 

The Turkish Navy.—Turkey has now a flotilla of 11 
gunboats on the Danube, seven being ironclads. The im- 
perial despatch boat Rethymo, after having been refitted 
in the —e docks, has returned to her station at the 

elles. 


Rowmelian Railways.—A denial is given to a statement 
to the effect that Count Andrassy fad undertaken to 
supply contractors for the completion of the Roumelian 
lines. The Austrian Government made, it now appears, 
no communication of the kind. 

Steel in Austria.—The works devoted to the production 
of steel in Austria possess between them 30 converters 
either in operation or in course of construction. 





New Raitway BRIDGE OVER THE CLyDE.—The contract 
of Messrs. William 1 and Co., Glasgow, for the con- 
struction of a new at bridge over the Clyde, according 
to ae by Messrs. Blyth and Cunningham, has been 
accepted, and the work will shortly be proceeded with. 
The bridge, which is meant to connect the Caledonian 


system on the south side of the city with their pro new 
central station at Gordon-street, has a total of 
nearly 700 ft., and it will be constructed about 100 ft. 


west of the Broomielaw Bridge. bridge crosses 
the river proper in three spans, and in addition to these 
are two smaller spans over Clyde-place and Broomielaw- 
street. ‘The centre or main span is 184 ft. clear, and the 
side spans are 164 ft. and 152 ft. respectively, while the 
span over Broomielaw-street is about 90 ft., and that ovcr 
'yde-place about 60 ft. ‘There is a clear headway of 82 ft. 
above Ligh-water mark. The ironwork will be supported 
on four piers and two abutments, and these piers, con- 
structed in a similar manner to those supporting the Umon 
Railway Bridge, will be sunk in the bed of t river to 
—. varying from 80 ft. to 90 ft. below high water. They 
will be built up with cast-iron cylinders filled with 
concrete to the level of a few feet below low-water mark, 
and from that ge oy oe will be substituted for 
concrete. Each pier is to consist of two circular columns, 
the two in the centre of the river being 15 ft. in diameter, 
and those on land being 13 ft. indiameter. The piers will be 


finished off with ornamental para) the full t of the 
i , and the main girders will be 50 ft, apart, so as to 
admit of four lines of rails being laid, 
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RKS, ANCIENT AND be certain of the methods used for supplying | the Romans worked by rule of thumb only ;-but 

WATER mab ’ their baths and sient aih ie haar oan theo, how they carried out their rule be Asm 
sa ot of water they must have used, as their literature shows. | We have certainly managed to make some 

By E. H. p'Aviepor, The historical commencement of ‘water works dates | since their time by dint of our formula and our 

Tue subject on which I propose addressing you is | from ancient Rome. Very soon after the Romans) scientific theories, but the step in» advance which 
very wide, nor would [ undertake it if I not | had emerged from their early condition.of mere} we have made sinks into nothingness when 


for several years past devoted much attention to it, 
both in theory and practice In principle I fully 
agree with the opinion lately expressed by this In- 
stitution against any specialising of our profession. 
I am persuaded that a splitting up of our practice 
into a number of separate branches, such as railway, 
bridge, road, traffic, and hydraulic engineering, 
would only lead to narrowness of views and one- 
sidedness which is inconsistent with the progress of 
general culture and enlightenment. In England 
ractice as such has attained a level which is almost, 
if not pong f unequalled in any other country ; 
yet we find the same civil engineer taking up an 
carrying out the most varied works. In Peenes 
theory is as perfect as practice in England. Yet 
there the ingénieur des ponts et chaussées is called upon 
to design, execute, and report on every species of 
work from a railway to a breakwater, from a culvert 
toadrain. But of course circumstances arise which 
give one man more insight and practice in a special 
branch of our extensive profession than in the other 
numerous ones; and, therefore, although I began 
by declining to admit that there should be special 
water works engineers who do nothing else, yet I 
may have been able in the course of my studies and 
experience to collect a few facts which may be new 
to rome members, forgotten by others, and not un- 
interesting to those who have made water works and 
hydraulic construction their special pursuit. 

The absolute necessity of pure wholesome water 
for the preservation of human life was admitted and 
recognised centuries, nay thousands of years ago, 
although it has occasionally been forgotten for a time. 


Lage loge di Stracciacappe 


No wonder then that the numerous examples of works 
for the water supply of towns, and the literature of the 
subject, make it extremely difficult to condense into 
the space of a few papers an account of what has 
taken so many years to achieve. I have found it 
very difficult to classify all this matter and divide it 
into groups, so as to give a clear and general view 
of the whole subject, without, at the same time, losing 
sight of many details of construction which are most 
interesting to the engineer. You will yourself judge 
whether I have succeeded. In order not to keep 
you too long, I will only mention that I have 
arranged my subject in a chronological order, but 
may, in the course of be occasionally 
obliged to speak of different modes of water supply 
without respect to time, since it is inevitable that an 
art like this, in which progress is not constant and 
continuous, does not supply a development 
of events, such as we find in the history of the 
electric telegraph or of railways. 

_ Water works were known in the most ancient 
times ; there is an aqueduct supplying the fortress 
of Cairo, which is said to be 3000 years old. The 
Greeks many and extensive aqueducts, but 
we have insufficient data to guide us, and can no longer 





* A course of papers delivered at the Austrian Institution 
of Engineers and Architects, December, 1875, and January, 
1876, These papers now appear in print for the first time. 











colonists, if not marauders, as soon, in fact, as 
civilisation commenced, they were dissati i 

Ca vats ol Sere a: ae 1 
years before our era began searching for springs 
to supply good drinking. water; we may, in re 
boldly assert that the Romans had thus pas Fg 

at conclusions on the subject of water w were 
as far advanced as our own a few years ago. Up to 
1846 London drew the greater portion of its i 

from the Thames, in places where the river was fear- 
fully polluted by the sewers and drains, in the centre 


of a teeming and induetrious, but not over cleanly | been 


a cep age nay, up to this very day, many towns 
k the water of the very-rivers ‘into which they 
discharge all their sewers, without disinfecting it, 
for Aitacing ie of little use against organic matter, 
But the Romans, a rough nation of peasants and 
warriors, were paeety convinced 2200 years ago, 
that river water is not the best for drinking, and that 
especially river water polluted by a large town is 
totally unfit for human consumption. These ancient 
heroes jumped at once to the very conclusion we 
have only attained after years of discussion and a 
proloi contest with the power of prejudice and 
indolence, notwithstanding our mastery of chemistry, 
of medicine, and of the other natural sciences. They 
at once adopted springs as their sources of supply, 
and the map which you see before you (Fig. 1), 
and on which the different Roman 
marked, shows that they put their convictions as to 
the necessity of a large and constant supply of 
spring water into practice on the grandest and most 
extensive scale, 


Many descriptions of these magnificent works 
have already appeared in print; we have neither 
time, nor is this the place, to examine them in detail. 
I propose only to our attention to a few of the 
principles which gui the Romans in these gigantic 
undertakings, and i pa to dispel a few pre- 
judices which seem to be still afloat on the subject 
Ch epee empty e 
wo of any_use, omi ex 
the foundation on which the whole method Pree f 
ing in ancient Rome and its colonies was based. 
Without the key much would appear inexplicable, 
doubtful, nay even quite wrong and impossible. 
The Roman mode of construction could not have 
been quite bad, since many aqueducts are the existing 
witnesses of the and ection of their 
execution ; and Virgo still supplies modern Rome, 
after having supplied ancient. Rome 2000 years ago. 
On the other hand their manger of construction 
was very far from perfect, as many antiquaries and 
enthusiasts would wish us to suppose. 

A great author has said, ‘‘The Romans possessed 
more art than science.”” We must remember that 
science was then quite in its infancy, higher mathe- 
matics were completely own; the laws of 
nature were obscured rather 

i the simplest 


chousd f bennti ieyteiiegy; 
tions were impossible; in fact, there was no such 
thing as theory atall. It is no wonder then that 


with 
the Tiber. Three hundred | still learn 


aqueducts are | A 


ill. something 
Romans; but if we are ali too clever to learn, I am 
quite sure that at — rate it must be interesting to 
inquire what they did without formule and engineers’ 
pocket-books, and how they did it. f 

The numerous drawings and photographs of the 
Roman aqueducts which exist everywhere, will show 
those who have not seen the remains what they’ are 
mow; we can easily judge what they:must have 
then. But in order to judge these works 
correctly, we must consider under what circumstances 
‘they arose. There was no special municipality or 
town government in Rome; ‘was town (uarbs), 
the government of Rome was also that of the civilised 
world. The Boman aqueducts -were therefore all 
constructed either di y by the Government of by 
Pepeione, ba bail haga: sistency rweleh sey 

an i water w ti 

“aegis map remtens Set 98 
r was parti y the case in the provinces. We 
may almost wish the times back when candidates for 
Parliament built roads, drains, or water works to 
bribe their electors; the bribe of unlimited water 
was better worth having than that of unlimited 
beer, Among the founders of the Roman aqueduets 
we find Marcus Agrippa, who was the Thwaites of 
ugustus’ reign; we find the Triumvir Appius 
Claudius leter, the successive emperors sughes to 
obtain or preserve the péople’s favours by the con~ 
struction of similar wo aoe Nero has _ 

government ; in 
aqueduct which bears his name. In the provinces, 
pro-consuls or governors generally started the 
wa mssupply question, and carried out the necessary 

works in the manner we shall petoety explain. 

The Romans had peculiar means for e: 
their gigantic works, and these means deserve 
consideration, for they explain much in their method 
of construction, There were in Rome.a number of 
trade guilds, which were ps the:origin 
well-known medieval guilds; but the former had, in 
contradistinction to the latter, fewer privileges, less 
power, one omens and a numerous duties, There 
were guilds of carpenters for scaffolding, carpenters 
for timbering, carpenters for doorand window jambs, 
joiners, turners, special carpenters:for wooden par- 
titions; ordi masons, masons for large ashlar, 
masons for ashlar, masons for arches ; stone- 
cutters of different descriptions, each with their 
special work ; stone-hewers, stone-breakers, stone- 
sawyere, plasterers, wedge makers, &c. In'short each 
man’s work was limited to an almost incredible extent, 
so that each man obtained the greatest possible per- 
fection in the execytion of that work, The mason 
for arches never did anything all hig life but turn 
arches, the stonemason for small. ashlar never had 
a larger stone to tackle. 

The great principle of division of labour, which 
we are pleased to call a discovery of modern times 
was, therefore, already applied by the Romans. Still 
more remarkable is the enormous power exercised by 
the State over the above-mentioned guilds. They 
first arose among the workmen the 
en < mutual assistance and support, bot org 
Government, uraged them, 
soon ype to fear their a power. Klay 7 in- 
stead of attem to suppress the guilds by force, 
‘the State wisely sougit t mould them to tte own 
ends. They obtained certain p in exchangé 
for the obligation of always supplying the Govern- 
ment with the required number and description of 
workmen at a rate. They were from 
a number of different. rates and taxes, but in ex- 
change they had to be drilled and 
the legions, and to serve with them in time of war. 
No romp emanersteryede nese cnic Soe! 
they were, however, em constructing 
or permanent bridges, fortided camps, and 
roads, &c. When the legion settled in a colony, 
the guilds obtained grants of land and bu 
were obliged to remain and supply the: with 
the skilled labour so urgently essary for the 
Ker gor ply a “By these 
and other means too detail, the: 1 
had constantly at tte a has at nee 


workmen, and was in 


F 


to execute works 





incredibly short time, Thus the celebrated Baths o 
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Caracalla were commenced and finished within two 
years, notwithstanding the enormous area they 
cover, and the great variety of the work required in 
them, 

The next point to be noticed is slave labour. 
Prisoners of war, convicts and vagabonds, were 
obliged to work for their wretched living, serving 
the skilled workmen of the guilds as labourers. They 
could be concentrated at any given place in countless 
numbers, and were, therefore, able, under the skilful 
guidance of the guilds, to master immense quantities 
of material, and, by multiplication of hands, to move 
masses which are now transported with but few 
men, principally by mechanical aid, Besides these 
slaves, there were families of bondsmen or serfs who 
obtained certain privileges, and received small allot- 
ments of land for their sustenance. They were 
bound to serve the State when required, and their 
usual duties consisted in the maintenance of the 
roads and aqueducts near which they were settled, 
but they were also often summoned to assist in the 
construction of new works. 

Lastly, we come to the forced contributions or 
corvées, which under the Cesars had to be supplied 
by the population through whose territory a new 

ueduct or road was carried. These consisted 
principally, not of manual labour, but of the supply 
of carts and horses, of stone, sand, bricks, &c. It 
must not, however, be supposed that these or the 


other services were performed gratuitously. The 
guilds, for instance, were extremely well paid. The 
-known engineer and antiquarian, Léger, 


has given himself the trouble to fix the wages of 
labour in ancient Rome at the time of Augustus in 
terms of money of the present day by comparison 
with the value of wheat, consid as the staple of 
consumption. He gives us the following figures : 
The free labourers received about 10d. per day ; 
masons, carpenters, and blacksmiths, 3s.; painters, 
3s. 9d.; plasterers and decorators, 7s. 6d., besides 
board, which had to be supplied by the contractor. 
To supply a further stan of on ge I may 
mention that beef cost 7d. per pound, pork ls., a 
small fowl 15d., a pint of wine 8d. You perceive, 
therefore, that the cost of provisions and of labour 
was not very different from that of to-day. 
The management of the works was arranged some- 
what in the same manner as it now is on the Conti- 
nent, The chief was the curator operis, who had to 
represent the interests of the State or municipality ; 
the next in rank was the architect, whom we should 
now call chief engineer. This person was frequently 
contractor as well (so that even contractors’ lines are 
not entirely a modern invention), but the State sup- 
plied the labour and he the materials only. Then 
came the inspectors or foremen, and lastly the sur- 
veyors or measurers (mensor edificorum), who also 
did timekee ee The = Ne: drawn on 
parchment by the , itects, and when once ;ap- 
ved he had no right to alter them, except by 
figher authority. 
(To be continued). 





NOTES ON TORPEDOES.—No. VIL. 
Livermore's Proposep Circurt-CLosEr. 

Ir is obvious that Mathieson's improved circuit- 
doom, ane fairly efficient when employed under 
the conditions hitherto laid down to pan the appli- 
cation of submerged torpedoes for coast and harbour 
defence, are far from meeting the requirements set 
forth by the late experiments; principally from 
the liability of any considerable agitation of the 
water in which they are moored to disturb the 
electric mechanism sufficient to close the electrical 
circuit. ‘This is a very important demerit; since it 
is absolutely necessary, in order to form an effective 
barrier, that the distance separating the several 
charges be considerably lessened, and to do this they 
must necessarily sustain the severe concussion of 
water occasioned by the explosion of sn adjacent 
mine. 

The efficiency of a circuit-closer must aot, there- 
fore, be accepted as conclusive, because it has been 
found to answer admirably when tested theoretically 
by suspending it from a cross beam by means of a 
line, and swaying with an easy oscillatory motion, or 
practically, in calm water with every convenience 
at hand for its ready and suitable adjustment. In 
either case the results obtained can form but a very 
imperfect criterion of the actual resuits likely to 
accrue from its practical application for the defence 
of situations. 

it is doubtful whether the majority of the 
circuit-closers that have been tested and approved 


at the Chatham and other schools of submarine 
mining, will not disappoint the expectations of their 
inventors, when they come to be applied for the 
defence of a wide and e roadstead like Spit- 
head, where in addition to the electrical complica- 
tions that must necessarily occur from the employ- 
ment of so large a number of mines, the circuit. closers 
would have to withstand considerable buffeting 
from the waves, pe eg | in the case of a heavy 
sea at low water; from the fact that if they were 
moored 16 ft. below the surface at high water, they 
would be floating on the surface at low water. Nor 
must it be sup that the tides at Spithead are 
without a parallel, as precisely the same difficulties 
would have to be contended with in applying a 
system of submarine mines for the defence of the 
Straits of Simonosaki, the inland sea of Japan. 

The circuit-closing apparatus and buoy proposed 
by Mr. Livermore, with a view to meeting the pre- 
sent requirements, is shown by the annexed engrav- 
ing. The body of the buoyant case is constructed of 


fluted steel, and is surmounted by a wood disc for 
protecting the top of the case from such injuries as 
might possibly accrue from contact with the pro- 
pellers of friendly vessels. Surrounding it at the 
shoulders is a corrugated buffer of dense india- 
rubber for receiving the concussion of passing ships, 
The lower extremity of the case is fitted with a 
gun-metal mouth, to which is attached a cast-iron 
covering and mooring cap; to this mouth is also 
secured one extremity of an air-tight wrought-iron 
tube which passes vertically through the centre of 
the buoyant vessel and encloses the electric me- 
chanism ; to the upper part of the tube is also 
secured the hoisting ring employed for the purpose 
of raising or lowering the _—— into position. 
The whole exterior is devoid of any obtuse points or 
projections likely to damage the bottoms of friendly 
vessels, or to receive injury from the concussion 
oceasioned by the explosion of a neighbouring 
charge. The advantages claimed for the form o 
cireuit-closer case above described are in 
number, viz., increased strength, greater buoyancy, 
and improved striking facilities. 

Excessive buoyancy in a vessel of this class is of 
far greater moment than would at first appear ; by the 
word “excessive,” we simply imply that over and 
above what would be requisite to sustain the weight 
of the instrument, mooring rope, cables, &c. There 
is certainly this objection against the introduction 
of very buoyant circuit-closers, that according to 
the present mooring arrangements a very much 
heavier anchor or mooring lump would be required 





to retain the charge in position ; but we shall suggest 
a ve for overcoming this difficulty in a future 
article, 











It is apparant that the ter the buo of 
the eal the greater woul | be its geapendiey to 
rise to the surface; and co uently the greater 
its tendency in opposition to the tidal currents to 
retain a position vertically above the charge to 
which it was attached. Such a result is eminently 
desirable in any case if submarine mines are to be 
employed with any degree of success, but becomes 
an absolute necessity in the case of their adoption 
for the defence of a roadstead like Spithead ; since 
if they were moored, say, 2 ft. below the surface at 
low water, at high water they would be about 18 ft. 
below the surface, independent of any deflection 
from their vertical position, and as the deflection 
would no doubt be considerable in any case where 
there was a strong under current, we may venture 
to add an additional 3ft. to the depth previously 
estimated, making a total of 21 ft. from the circuit- 
closer buoy to the surface of the water, thus 
affording at high water sufficient depth clear of the 
circuit-closers for the passage of a second-rate iron- 











clad. Even an American monitor having a draught 
of 20 ft. might pass with comparative safety; and 
these vessels—to judge from Admiral Porter's 
report— possess infallible receipts for victory, any 
one of them, according to the forenamed authority, 
being able to cross the Atlantic and sink our iron- 
ciads at her leisure. We presume, however, that 
the experiment will not be attempted without the 
sanction of our Government, and also that ere this 
we have fully satisfied our cousins of ability to sink 
our own ironclads without the assistance of an 
American ram. 

The self-acting circuit-closing mechanism shown 
by. our illustration (Fig. 23) has been so arranged 
that any concussion occasioned by the explosion of 
an adjacent charge or buffeting from the waves 
when moored in exposed positions, may not disturb 
it sufficiently to complete the electrical circuit. 

It will be remembered that in Mathieson’simproved 
apparatus the small space dividing the contact disc 
from the contactsprings—or, in other words, the break 
in the electrical circuits—is bridged over by the oscilla- 
tion of a ball or weight affixed to the upper extremity 
of a metallic spindle, the lower being secured to the 
apex of a conical spiral spring, the vibration of 
which, occasioned by the tendency of the weight or 
ball to remain standing when the apparatus is caused 
suddenly to heel, imparts the coalliateny motion to 
the contact disc. It is obvious, therefore, that any 
sudden shock communicated to the buoy enclosing 
the instrument, whether arising from the concussion 
of a body of water or the contact of a —_ ship, 
would disturb the mechanism sufficiently to abridge 
the space separating the contact disc from the con- 
tact springs, and so complete the circuit. In order 
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GROUP OF SELF-ACTING SLIDE LATHES. 
CONSTRUCTED BY MESSRS. SHAW, HOSSACK, AND COMPANY, ENGINEERS, OPENSHAW, MANCHESTER. 
(For Description, see Page 406.) 





to render the sensitiveness of this instrument the 
more apparent we must refer our readers to the 
standard test for adjusting this type of circuit- 
closers given in the second article of the present 
series, when it will be noticed that the weight of the 
ball employed to give momentum to the mechanism 
will, independent of any jerk or shock whatever, de- 
flect the flexible spiral spring sufficiently to permit of 
the contact disc resting on the contact springs, and so, 
of course, completing the circuit. This defect is due 
to the fact that while the contact disc is subjected 
to considerable deflection from the flexibility of the 
spiral spring, the contact springs are stationary. 
he plan suggested for obviating this is to employ 
two spiral springs in place of one as used by the 
ex-quartermaster sergeant in hisimproved apparatus ; 
to each of these springs is attached a brass spindle 
to which metallic weights are affixed, one being 
provided with platinum contact points, the other with 
contact springs. Each of the conical springs should 
be exactly similar in form and equal in tension, the 
metallic spindles and weights being also equal. By 
means of this arrangement any minor jar or concus- 
sion will fail to lessen perceptibly the distance between 
the contact points, as the action of one spring must 
necessarily neutralise the action of the other. 

The portion of the apparatus just described con- 
stitutes the circuit-closer proper; this is mounted on 
a third spiral spring very much stronger than the 
two first to guard it from any sudden jar, except 
in the case of.a very severe shock, such as would 
result from the concussion of a passing ship with 
the circuit-closer buoy in question, causing it to 
heel with considerable violence; while that portion 
of the instrument which is mounted on the spiral 
spring would, by reason of its inertia, tend to remain 
standing, thereby bringing the metallic dise carrying 
the upper of the two small conical springs in con- 
tact with the surrounding wrought-iron tube, and 
by so doing disturb their unity of action and complete 
the electrical circuit. 





A section of the circuit-closer buoy with ap- 
aratus complete is shown by our illustration, 
ig. 21. A is the buoyant case constructed of fluted 

steel; B a wrought-iron tube passing vertically 
through the vessel, its lower extremity being secured 
to the gun-metal mouth C, into which is screwed 
the circuit-closing apparatus, the interior of the 
tube being rendered air-tight by means of a gutta- 
percha washer ; Eis a cast-iron covering and mooring 
cap secured to the body of the case by three 
wrought-iron bolts projecting from a wrought-iron 
washer secured to the inner side of the gun-metal base 
piece; G is a tubular Bessemer wire rope through 
which is passed the electric cable connecting the 
circuit-closer with the charge. A self-adjusting cramp 
Hisarranged to grip the tubular wirerope immediately 
below a suitable shoulder, additional security being 
afforded by three short lengths of wire rope branching 
from the tubular one; these are provided with turks- 
head extremities, and secured to the cast-iron cap 
by means of grip hooks, Three — t-iron hinges, 
one of which is shown in section J, are provided 
for connecting the wooden top N to the metal case ; 
these hinges are virtually angle irons, the base of 
which is rivetted to the buoyant vessel, while the 
upper part of the vertical side is made to turn on an 
hinge ; these pass through rectangular holes in the 
wood disc forming the top; the size of the holes 
should be about 2} in. by in., or just sufficient to 
allow for the passage of the vertical side of the 
angle irons, which are then turned down and secured 
by means of wood screws ; K is a buffer for receiving 
the concussion of passing ships, the core is formed 
of vulcanite and the outer covering of dense india- 
rubber, the whole being vulcanised on a corrugated 
w ht-iron hoop L. This hoop is made to fit 
e y round the neck of the buoyant case, resting 
on a projecting shoulder and held in position by the 
saben disc N.; M is a wrought-iron hoisting ring, 
the eye bolt of which is rivetted to a cast-iron cap 
firmly screwed to the tube B; the ring, as previously 





stated, is employed to facilitate the hoisting or 
lowering of the buoyant vessel. 

Fig. 22 is a plan of the bottom, showing the pro- 
nail method of fluting or a the steel 
case, E is the cast-iron cap sec wie body of 
the vessel by means of the bolts F, F, F. H the 
self-adjusting cramps for gripping the tubular rope 
G ; I, I, I the external nuts of the grip hooks, and 
K the corrugated india-rubber buffer. 

Fig. 23 is a longitudinal section of the circuit- 
closing apparatus, shown drawn to one-fourth its 
actual dimensions. A is the gun-metal base ; B a steel 
spiral spring ing the circuit-closer work proper, 
which it serves to guard from any sudden jar likely 
to be occasioned by minor concussions; C a gun- 
metal disc, surmounting the spiral spring and serv- 
ing as a base for the upper portion of the mechanism ; 
D, D, D are three brass steadying springs pressing 
lightly against the disc C, to prevent any jar being 
communicated to the circuit-closer by the sudden 
recoil of the spring B; F, F, F are three ebonite 
pillars supporting and insulating the brass ring G 
to which is attached the spi spring HI; Lisa 
brass spindle carrying the weight J' and brass con- 
tact springs K, K, K ; L, L, Lare three steel spindles 
su pee metallic dise M, surrounded by the 
indla-rub r ring O; Ha the second spiral spring ; 
I the spindle, and J* the weight or contact disc pro- 
vided with platinum contact points; N a thumb-screw 
for regulating the distance between the contact 
disc J and contact springs K, K, K; Pan 
gun-metal screw plug; R an ebonite base plug ; 
and S T gutta-percha washers. 

Fig. 25 is a plan of the top of ie: auptaetes, 
showing the position of the brass ——< ,D,D, 
steel sae and ebonite pillars F, F, F. Fig, 26 
is a plan of the bottom, and Fig. 24 a 
plan on « y, showing the position of the contact 
springs K, K, K. 

The mechanical action of the apparatusis as follows : 
when the buoyant vesselenclosing the mechanism, by 
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circuit-closer works mounted of the spiral spring B, 
would by means of its inertia tend to remain stand- 
ing ; thereby deflecting the spring B, and bringin 
the disc M in contact with the surrounding m 
tube, disturbing the concord of the two springs 
H' H*, and causing the contact disc J to oscillate 
against the contact springs K,K,K, with great 
rapidity and precision, completing the electrical 
circuit with each contact. 

The current set up by the action of the batte 
on —_ flows by the one fowy biel throu 
the conducting wire of the ebonite ng Ry 
the insulated Sire W to the brass spind 
J' and contact springs K, Ky 
broken by the space inté 
springs and contact disc J#, “Br 
ment is disturbed sufficiently t@ bring the contact 

rings in contact with the contagt disc, the current 
fous from the springs K, RK, K.$@ the contact disc 
J* by the brass spindle I, spring H*, metallic disc M, 
spindles L, L, L, dise C, spital spring B, to the gun- 
metal base A, and so to the outer metal case, which 
serves in lieu of an earth plate,  ~ 

The presumable efficiency of the apparatus will 
be more readily conceived from, the following results 
obtained with a rough model, constructed for Mr. 
Livermore. Onconnecting the instrument with a two- 
cell Leclanche battery, and shaking it violently, no 
deflection was ca to the needle of a sensitive 
galvanometer introduced into the circuit. But on 
jarring the dise surmounting the three steel spindles 
against a hard substanée with sufficient force to 
disturb the unity of the two conical springs the con- 
tact disc was thrown against the contact springs, 
and the circuit closed, the continuity of the contacts 
lasting about 20 seconds, Of course this can afford 
but a very imperfect criterion of the ‘results likely 
to accrue from the practical application of the in- 
strument ; but as far as our knowledge on the sub. 
ject extends, no self-acting cireuit-closer yet adopted, 
. when tested in a like manner, would give anything 
approximative to the foregoing results, The advan- 

claimed for the improved + vessel and cir- 

cuit-closer above described, and which will be better 

understood when the charge case and mooring ar- 
rangements have been represented, are as follows : 

irst. Ability to resist successfully any tendency of 

a strong current to deflect them from hols upright 

geanes, and to withstand considerable eting 
rom the waves when moored in sy tions. 

Secondly. Capability of being p greater 
propinquity one to another than those at present 
employed, without danger of the explosion of one 
injuring adjacent charges, 

the early part of the year 1875 a brief descrip- 

tion of the apparatus was forwarded to the Secretary 

for War, who, in reply, while thanking the inventor 

for his proposition, stated that the alleged advan- 

had been previously claimed for circuit-closers 

then under discussion; and certainly out of the num- 

ber of circuit-closers now undergoing a series of ex- 

imental tests in the Medway, one at least should 
found to answer all requisite requirements. 


GROUP OF SELF-ACTING SLIDE LATHES. 
Wr illustrate on page405 a very neat arrangement of self- 
acting slide lathes with 7} in. centres, conatructed by Messrs. 
Shaw, Hossack, and Co., of Openshaw, Manchester. As 
will be seen from of our engraving there are four lathes 
arranged in one group, there being two beds mounted upon 
three standards, which are prolonged upwards, so as to carry 
the top driving gear. The beds are three-ribbed, and there 
are two complete lathes upon each bed, the headstocks, 
which are fitted with steel spindles and brass step bearings, 
being overhung so as to allow of the carriages passing them. 
The carriages and beds are arranged for sliding articles to 
forms determined by shaper plates, the being made 
to hinge upon two centre ribs upon the beds, which are 
directly under the centre line of headstock The 
carriages are provided with pointers at the back, which 
follow the outline of the shaper plates, and thereby actuate 
the carriages, the raising of the front of the carriages by the 
shaper plates causing the tools to be canted inwards, and 
thus reducing the diameter of the article which is being 
turned. The shaper plates are fastened to the beds, by means 
of bolts fitting in a planed T groove running the whole length 
of third rib of each bed, and adjustable along the latter. 
The lathes we illustrate are specially adapted for sliding 
straight work, or for sliding to shaper-plates articles of diffe- 
rent forms, and they effect a great saving where there are 
a number of articles of the same form to be turned, such as 
recessing the centre portion of locomotive firebox copper 













1 ng between the 
when the instru- 





stays, tapering boiler tube ferrules, &c, The whole arrange- 
ee thee ak Lemserict ont. 908 Ss to one we think 
likely to meet considerable favour. 
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Tue completion of the approaches to the Cen- 
tennial grounds has been a work involving » ian 
outlay. In addition to the formation of new 8, 
three bridges have been built crossing the Penn- 
sylvania Rai . These are situated in Forty 
and Forty-first-streets, and at the intersection of 
Girard and Belmont Avenues. The estimated cost 
of these structures is 87,000 dols., 68,000 dols., and 
300,000 dols. respectively; the Pennsylvania Rail- 
road shares the expense with the city and is erecting 


The Fortieth-street Bridge is on the Ordish system, 
and it an opening of 321 ft. 10} in., the 
railroad beneath be lag lines of rails 
laid at this point. The bridge is divided into one 
span of 171 ft. 11gimj and two half spans of 
74 ft. 11,%in. The . width is 60 ft., divided 
into a carriage road wide, and} two foot-paths 
of 10 ft. each in wi ‘The clear headway from 
the rails below to the Mittderside of the bridge is 
17 ft. 6 in., and the t of the ornamental iron 
towers is 60 ft. To the itudinal girders carrying 
the roadway wro transverse girders are 
attached at intervals’ of 8 ft., we upon a are 
laid the timber joists running longitudi ver 
these joists, a white re ie ; and on 
top a flooring of white oak, 3 in. thick. Thestrength 
of this bridge is adapted to a load of 80 Ib. per square 
foot ' 


The Forty-first-street Bridge is built on what is 
known as the stiffened triangular truss system, in 
which the bracings in the panels do not make com- 

lete intersections. It consists of one span of 209 ft. 
Sin. in length, and like the bridge at Fortieth-street 
it gives 17 ft. 6 in..clear headway above the railroad. 
The width is 60 ft. divided into a 40 ft. roadway and 
10 ft. side walks. 

The Girard Avenue Bridge* is altogether a more 
important stracture, and somewhat resembles the 
Place de l'Europe Bridge in Paris. On the south- 
west side it is 360 ft. wide, and on the north-east 
240 ft. On the centre line of Girard Avenue it is 
800 ft. long, and in the centre of Belmont Avenue 
150 ft. long. A bridge already carrying Belmont 
Avenue over the railway, which has here ten lines 
of rails, has been extended in width 100ft., anda 
similar one is being built over Girard Avenue. To- 
gether these form one of the largest street bridges in 
the United States. We propose shortly to publish 
ne of all three bridges above mentioned. 

isitors to Vienna before the opening of the Ex- 
hibition of 1873 will remember the remarkable pro. 
made from day to day in the completion of 
uildings and the arrangement of exhibits; they 
will also remember the confusion that universally 
prevailed, and the want of completeness that ex- 
tended far into the summer, almost indeed to the 
close of the Exhibition. Here the daily progress that 
is being made exceeds by far that effected at Vienna, 
and the order and system that prevails is as conspi- 
cuous as the disorder and confusion at Vienna. 

Buildings that were bare and imperfect skeletons 
afew days since are clothed and finished to day, 
and new structures are springing up on all sides 
within the unds, It is meony to be expected 
that all oni ke seni by the 10th of May, but there 
is every probability that in the main building, and 
in many of the independent structures, as 
will be in order, while the machinery and agri- 
cultural halls will be certainly in a very advanced 
stage of completeness. The narrow gauge (3 feet) 
railway that will run around the grounds is almost 
laid, and the numerous stations a oy it are being 
rapidly pushed forward. A number of the cars 
(hee will be fifty in all) are now upon the ground. 
They are long light structures with open sides, 
and the seats back to back, with side exits, 
unprovided with doors, They have been designed 
with a view to the intense heat that prevails 
in the summer, so that the freest circulation of 
air may be obtained. All the trains will be fitted 
with the Westinghouse air-brake, and the speed 
will be about ten miles an hour. Upon and 
near one of the finest avenues in the grounds, 
the buildings of the different states and foreign 
countries are situated, At present from only three 

* The bridge here referred to the lvania 
aint i arr tere at eas tae 











in an advanced stage, are the State houses of New York, 
Wisconsin, Michigan, Massachusetts, New Hamp- 
shire, Illinois, Ohio, and New Jersey, andsome others. 
ye aig 9 independent buildings nearly finished 
isa g ge ele by 60 ft.,; with an annexe 
36 ft. square. is is a fine building, erected by 
Messrs. Gillender and Sons of 135, Oxford-street, 
Philadelphia, and contains at yd a —_ fur- 
nace, annealing ovens, &c. m- completed the 
whole process of glass making will be carried on 
upon an extended seale, and special objects will be 
manufactured for sale. Near this building is a 
large open shed, 276 ft. by 80 ft., consisting of one 
main span of 80 ft., and 256 ft., long, a gallery 
10 ft. wide running around it, Fifty feet from the 
building is a boiler house, which will supply steam to 
two engines, both placed in the gallery nearest to it, 
One of the engines, of 60 h power, is manufac- 
tured by Messrs. Brown and Co., of Fitchburg, Mas- 
sachusetts, the other, of ] 6Qhorge power, is of the type 
known as Well’s balanced engine. The shed which 
has been erected by the Centennial Commissioners 
will be devoted entirely to the exhibition of saw 
mill machinery, with the exception of adiamond stone 
cutting machine, by Messrs. ch, Cook, and Co., 
of St, Louis, anda stone saw by Mr. A. B. Young of 
New York. 
Tn an open —_ near this shed will be exhibited, 
the Pennsylvania Railroad, an object of consider- 
able historical interest. It is the ‘“‘ John Bull,” the 
first American locomotive, sent from England to 
the United States. It was built by Stephenson, and 
consigned to Philadelphia, for running upon the 
Camden and Amboy Railroad. This relic will stand 
poe rails also sent from England about the same 
me. In an ad t part of the grounds are a 
number of buildings the contents of which will 
prove more or less attractive. Messrs. Campbell 
and Co,, of New York, will exhibit in a pavilion 
printing machinery, upon which a daily newspaper 
will be produced. ‘The Chilian Amalgamation 
Company has justed started to oy up a small build- 
ing for their exhibits. Jesse W. Starr, of Camden, 
New York, is completing a gas works, and the 
Averill Chemicai Paint Company, of New York, 
also have their own pavilion. Harmony is here 
marred by a hideous building painted blue, where 
are shown the ranges and stoves of Messrs, Fuller 
and Warren, of New York, and close by is a build- 
ing devoted to a similar purpose by Messrs. Ch. 
Noble and Sons, of Philadelphia. 

Passing by the Hydraulic Annexe to the Ma- 
chinery Hall the boiler houses are reached. With 
the exception of that which supplies the Corliss 
engine none are so advanced as may be desired. 
With one exception, however, there is little doubt 
that they will be finished by the 10th of May. In 
each of the American boiler houses (except the 
Corliss) a number of different are erected, 
among which the Harrison boiler is prominent. The 
exception above referred to is in the English house, 
where the three Galloway boilers are to be placed. 
Two are in position, but in transporting the third it 
accidentally fell, injuring a part of the shell and the 
end plate so severely that it became useless, Fresh 
plates were ordered from England but have not yet 
arriv 

Among the special buildings in the grounds, the 
Women’s Pavilion should receive prominent mention. 
Some time ago the Centennial Commission was 
requested to reserve space for the exhibition of 
women’s work, This request was not complied 
with on account of want of room, and a second 
request was then made that a a building 
should be erected for the —- is application 
was also refused on the ground that the Commission 
lacked funds to make the necessary appropriation, 
and thereupon ladies’ committees were formed 
throughout the States, and subscriptions were ob- 
tained for the erection of ‘an independent building, 
the Commission having given an silotment of space 
for the purpose. So successfully has this movement 
been ene. :—. in = to the 30,000 dols. 
spent upon the building, and the necessary expenses 
for nation, a considerable surplus has been handed 
over by the Ladies’ Central Committee to the Cen- 
tennial Commission. The building is a fine one, 
and will be filled with women’s work of all kinds, 
while various classes of machinery operated by 
women will also be shown in motion. : 

Railway rolling stock will not be exhibited in the 
Machinery Hall, the demands upon the space in the 
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building having rendered it impossible to carry out 
the pat Ae intention. Captain Albert, chief of 
this department, had proposed making up the cars 
and wagons into trains behind the various locomo- 
tives exhibited, but forthe reason given above, these 
exhibits are now consigned to a special building 
near the main building and Memorial Hall, where 
carriages of all kinds will be shown. 

In the Machinery Hall the work of ——— 
arranging, and erecting exhibits is proceeding wi 
wonderful rapidity and order. The system by which 
so large a number of individual interests is con- 
trolled and kept in order isa remarkably good one, 
and speaks well alike for Captain Albert and his 
staff, and for the exhibitors themselves. Besides, 
however, the actual controllers of the building, who, 
by the way, are nearly all of them naval officers, the 
commissioners of the various states are present to 
aid their own exhibitors. <A fitting and repairing 
shop and forge is in operation near the Machinery 
Hall, the Centennial Commissioners having given 
this work to Messrs. Stokes and Parrish, of Phila. 
delphia. The shop is entirely for the benefit of ex- 
hibitors, and besides the men employed therein a 
large number of workmen and labourers are kept 
ready by Messrs. Stokes and Parrish for the use of 
exhibitors. But none of these can be hired without 
an order from Captain Albert, nor can any work be 
done in the shop without a similar order. These 
orders are all numbered, so that no one can under 
any pretence take precedence unfairly of another. 
The cost of work done is also kept under strict 
control, prices being regulated by those ruling in 
the city.* 

Sweden appears determined to make a striking 
display at the Centennial. Apart from her fine 
exhibits in the main building, comprising a large 
collection of steel types, shafts, forgings, &c., the col- 
lection in the Machinery Hall, though limited, is ex- 
tremely good, and comprises the only locomotive (so 
far as appears at present) besides those of the United 
States. It is a small six-coupled engine, the good 
workmanship of which has already attracted some 
attention from American locomotive builders. - Of 
the other exhibits those of J. and G. Bollinder, of 
Stockholm, are the best. They — several log 
frames, a circular saw bench, and a plant for making 
cartridges. The work throughout them is remarkably 
good, ‘The Kockums Engine Works, Malmo, show 
one small, and ome large horizontal engine. Belgium 
makes a very good display. Messrs. Houget and 
Teston, of Verviers, exhibit textile machinery. There 
are some good bolt and nut making and finishing 
machines. Mr. Van den Kerchove, of Gand—the 
maker of the largest pair of engines which has yet 
been constructed, namely, those at the factory of 
the Société de la Lys, at Gand—exhibits a 160 
horse ie horizontal Corliss engine, very finely 
finished, and sent over out of compliment to Mr. 
Corliss. Messrs, Kindt and Chaudron make a very 
large display of their machines for sinking shafts 
through water-bearing strata, including the tubbing 
pees” cylinders for lining the shaft as the work pro- 
ceeds. 

M. Ch. de Tombay, of Marcinelle, sends two small 
and well-finished models of a steam hammer, and 
double-acting shears; the Dubois-Francois drill is 
also here; the Greindl rotary pump, and a miscel- 
laneous collection of fellies, wheels, and axles, points, 
crossing and permanent way fastenings, mill and 
grindstones, cards, &c., are exhibited. Belgium 
will be ready in good time. 

France is not so advanced, Apparently the 
number of exhibitors is very limited. M. Arbey, of 
Paris, is the largest contributor; but his floor space 
is vacant, and his packing cases have not yet arrived. 
M. Alauzet, of Paris, is in a more advanced stage 
with his machinery, which, like that of M. Arbey, 
— = io egenee tools. M. Fontaine, of 

aris, will, judging from the packing cases in the 
building wldvenned to him, make a fair show ; but so 
far there is no indication of its nature. 

The English exhibits, to which (including those of 
the colonies) are allotted one eighth of the area of 
the Machinery Hall, may be briefly summarised. The 
Walter printing press is an exhibit that will attract 
considerableattention; Messrs, Lawson and Sonshave 
erected some jute machinery which will well sustain 
their high reputation ; the sugar mill and engine 
with Corliss gear, of Messrs. Mirrlees, Tait, and 
Watson, is the largest piece of machinery yet in the 





* Particulars of this workshop and of the prices charged 
for work done there i 
= 4 were given by us three weeks ago (vide 





section, and has tly been sent to Philadel- 
com route to a mer; Messrs, B. and §. 
: show a steam ° er; Messrs. Saxby and 
Farmer have set up their well-finished model of 
signals, and Messrs. J. and H. Gwynne’s beautiful 
Ferrara pumping station model is also here. Various 
cases and stands are being put into place in this 
section, and there is a large steam crane, by Messrs. 
Appleby Brothers, also in ae There will doubtless 
be other exhibits than just referred to, but 
the display cannot as a whole be a creditable one. 
Canada appears to be sending a fair exhibition of 
machine tools, but this section is not yet far enough 
advanced to form any definite opinion. References 
may here be made to some of: the English exhibits 
in the main building, where there is fair reason to 
suppose that the collection may be in some measure 
a re mtative one. There will be a very good 
show of stained glass, placed in the large window of 
the south centre gallery, Messrs. Elkington and 
Co. are arranging for a very splendid display, and 
reelain and fine china will be well represented 
y Messrs. A. B, Daniell and Son, The potteries 
will also be present in strength. Messrs. Brown, 
Westhead and Moore, from Hanley, Staffordshire ; 
Messrs, W. Brownfield and Co., of Cobridge ; Maw 
and Co. of Broseley; Craven, Dunnell, and Co., &c., 
have all considerable exhibits. But in this class, 
Messrs. J. H. Doulton and Co., Lambeth, have the 
lar show, their space amounting altogether to 
3000 square feet, Messrs, McDonald, Field, and Co., 
and Mr. J. Hunter, of Aberdeen, send some good 
samples of Aberdeen granite. 

Some of our colonies, Queensland especially, have 
come forward in a very liberal spirit. Amongst 
their various exhibits in the main building we may 
notice the Queensland gold trophy, representing the 
amount of that metal found in the colony since 1868, 
It is 19 ft. 5 in. high, 3 ft. 8in. square at the base, 
and 1 ft. 6 in. square at the top. The total value it 
represents is about 7,000,000 pounds sterling, 
Queensland has also sent a fine exhibit of tin, con- 
sisting of 12 tons of the metal in various stages, 
from the rough ore to the marketable tin. Copper 
is also well shown by various specimens of ore, one 
piece of which weighs two tons, Australia and 
Canada forward a large show of timber specimens, 
and a fine trophy of coal from New South Wales is 
nearly complete. 

Returning to the Machinery Hall, it will be found 
that the work of arrangement is being pushed 
forward more rapidly in the American than in any 
of the other sections. Locomotives will be very 
poy represented, as compared with the large and 
varied display at Vienna. Only fifteen engines will 
be exhibited, of which six are sent by the Baldwin 
Locomotive Works. The first of these is a passenger 
engine belonging to the Pennsylvania Railroad Com- 
pany, with four-coupled wheels 5 ft., diameter, and 
cylinders 17 in. diameter, with 24in. stroke. The 
second is a goods engine also poy sam to the Penn- 
sylvania Railroad, with 20in. cylinders, 24 in. stroke, 
eight-coupled wheels, 4 ft. in diameter, and a truck 
in front with a single pair of wheels. The third is 
an engine for the Dom Pedro II. Railway of Brazil ; 
the cylinders are 18 in, diameter, with 24in, stroke, 
and the engine has six-coupled wheels, and a 
single pair of wheels in the truck, These engines 
are all for burning bituminous coal. ‘The fourth loco- 
motive is for working heavy goods traffic on the 
Lehigh Valley Railroad, and weigh about 45 tons 
nar It has eight coupled wheels, 48 in. diameter, 
with one pair under the truck in front, and cylinders 
20 in. diameter with 24 in. stroke. This engine is for 
burning anthracite coal, and the fire-box is 10 feet 
6in. in length. Finally, the Baldwin Locomotive 
Works show a small four-wheel engine for under- 

ound work, with 30in. wheels, and cylinders 8 in. 

iameter and 12in. stroke. We shall shortly pub- 
lish drawings of the whole of these engines. Mention 
has already been made of the other locomotives now 
in the building, but probably the whole number will 
be in position before the close of the week. 

Mr. E. W. Kelley, of New Brunswick, New Jersey, 
has nearly completed the erection of an interesting 
series of machines for the manufacture of india-rubber 
from the crude state into shoes, sheeting, &c. There 
are five or six of these machines invall, and ovens for 
steaming and heating the rubber in the different 
stages of its manufacture. 
to be very imperfectly sented, the only ex- 
hibit of any note in place being that of Mr. H. W. 
Lafferty, of Gloucester, New Jersey, whoshows besides 

ther machines a series of Conierage uryers, ‘The 
olyok: 


° r 
Holyoke Machine Company of 2, Massa- 


Sugar machinery appears | grams 





houses outside the 
hibited within the building, two or three séttions of 


it being so disposed as to the method of setting, 
while ns of the ¢ are removed in order 
that the attachment may be seen within.- ‘The 


Baxter engine, manufactured by. the 
facturing Company, of Hartford, Connecticut, ‘is 
strongly represented by a numberof examples of 
different sizes, one of them being nickel plated 
over eyery inch of its surface, a process which, 
to our mind, detracts from the appearance of the 
machine, although purchasers, for certain 8, 
praee to pay the extra cost for the i ish, 
ickel plating is Rgeiiregee in the United States, 
and covers a titude of objects, from door 
knockers to fire engines. r va! t 
Of chilled railroad and horse railway wheels there 


f 


‘is at present a’ fine collection, which willbe how- 


ever much larger before the day of ng; as 
seventeen exhibitors will certainly exhibit, Messrs. 
Barnum Richardson and worm nme Salisbury, Con 
necticut, the Ramapo Wheel Foundry, the Cayuta 

:Mr. 


Factory, the Balto Company, Messrs, y, 
W. G. Slemilean, snd. obhech, shaver dtiele 


. 


in order, all of them excellent of wheels, 
some of which, however, would be more-interestin, 
if less striking, had they been left in their natural 


condition instead of being covered »with brilliant 
— and gilding. A gilded car wheel may as well 
made of any other material as of.cast for th 
oppostenity it affords for examination. In this class 
. Barnum Ri n’s and Mr. W.G. Hamil- 
ton’s exhibits will. probably be the most interes 
and complete. The latter collection will include 
wheel 60 in. diameter, and will show the special 
mixture of iron and steel which Mr. Hamilton. has 
been employing with great success upon the Penn- 
sylvania, and other rai . Fractured wheels, 
showing the quality and depth of the chill, will 
also form a part of this exhibit. Messrs, Barnum 
Richardson also show a complete series of ores, 
irons, 

The exhibit of the Westinghouse air and the 
vacuum brakes is extremely ingenious, and will 
probably attract considerable attention, although in 
a country where the former is almost exclusively 
and the latter scarcely employed,.and where the 
relative merits of the two. systems are so clearly 
understood, it would seem almost superfluous to 
make such an exhibit. As we shall shortly publish 
drawings of the mi, ye we need only refer to 
it very briefly here. It represents: the icati 
of both the air and the vacuum brakes to a train of 
ten cars, that is to a total length of about 500 ft. 
But as it was impossible to extend the exhibit for 
this distance, the connecting pipes are coiled into a 
convenient form, each coil representing the length 
of a car, and from them connexions are made to a 
row of ten of the Westinghouse air cylinders, and 
to ten rubber bags, placed parallel to them, and 
standing vertically above the tops of the coil. In 
order to obtain a resistance corresponding to that 
exerted in stopping a train, a set of springs is placed 
against each cylinder and rubber bag. Steam is 
brought from the nearest boiler house to work a 
series of three pumps, which compress the air by 
stayes into intermediate receivers, and finally force 
it into a central receiver, whence it can into the 
cylinders. Equally steam is supplied to an ejector 
to produce the vacuum in the rubber .. This 
arrangement will very clearly show the ing con- 
trast in the promptness of action en the two 
systems, but inasmuch as the steam from the 
ejector is led away up a pipe to escape through the 
roof of the building, no idea will be conveyed to 
the visitor of the | nui-ance accompanying 
the use of the vacuum brake. The Westiaghouse 
brakes attached to the narrow gauge Centenn 
train (known as the West Eud Passenger Railway) 
will also form a part of the company’s exhibit, as 
will some future apparatus for taking brake dia- 
not yet in the-building, © ©” snatthin oa 
Of seales and weighing machines some few makers 
have put in an og area especially Mesars, E, 
and F. Fairbavk, Sc. Johnsbury, Vermont, aud the 
Buffaio Scale sega New York. Messrs, 
Riehle Brothers, of phia, have in place a 


o 
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testing machine, and the Dickson Manufacturing 
Company, of Scranton, Pennsylvania, are bringing 
in ee mass of material not yet in order, but 
including one locomotive, horizontal engines, a 
large steam crane, &c. Messrs. I. P. Morris, of 
Philadelphia, exhibit a blowing engine already 

and Messrs. H. W. Butterworth and Sons, 
also of the city, show a very large machine for drying 
cloth. 

Of the miscellaneous exhibits, one of those that 
will command considerable interest is the stand of 
the American Watchmaking Company, of Waltham, 
Mass., at which work will carried on during the 
Exhibition. Another very special machine is the 
G. B. Grant computing machine, a piece of me- 
chanism not occupying much room, but containing 
15,000 different parts, and upon which astronomical 
calculations can be engraved on wax, ready for 
eae . 

Messrs. Williamson Brothers, of Philadelphia, 
show a collection of very compact hoisting engines 
driven by frictional gearing, and the same makers 
haveialso placed at the dis of the Centennial 
Commissioners a number of their machines, which 
are at work in different parts of the building. They 
are, it may be said, in very general use. 

Of the machine and general tools, and of wood- 
working machinery, it is useless to speak in this 

eral notice. With the exception, perhaps, of 
essrs, Bement and Sons, every e manufacturer 
is represented at the. Exhibition. Messrs. William 
Sellers and Co., the Pratt and Whitney Company, 
the Brainard Milling Machine Company, Richards, 
London, and Kelley, and a number of others, are in 
a state of advancement with their exhibits, and it 
is easy to see that the leading feature in the Ma- 
oneT Hall will be this class of machinery. 

In the Hydraulic Annexe, the exhibits are very 
rapidly falling into order. They consist chiefly of 
pumps and water-lifting machinery in great variety, 
comprising amongst others the Blake, Cameron, 
Knowles, and Gould pumps, centrifugal pumps of 
various systems, the pulsometer, and its first cousin 
the aquameter, and others, which will be noticed in 
detail at a future time, The tank and overflow, 
which will form the great feature of the Hydraulic 
Annexe, are not yet complete, but the pumps which 
are to supply the ‘‘ Centennial Niagara,” are being 
erected, 

Stone dressing and cutting machinery, steam 
hammers, and brickmaking inery, are grouped 
each in separate buildings, near the Machinery Hall 
and at the back of the boiler houses. Between two 
of the boiler houses also is placed a pavilion which 
will contain the great silver display from California, 
but this has not yet arrived, 

In concluding this article aan mention may 
be made of the active part taken by Connecticut 
in the Centennial display. The twenty-fifth state 
in the Union as re population, she is neverthe- 
less only the fifth in importance at the Centennial, 
and thanks omer | to the energy of Mr. Pickering, 
whose services will be long remembered by American 
exhibitors at Vienna, 320 exhibitors have come 
forward from this little industrial state. Foremost 
among them are Messrs, Pratt, Whitney, and Co., 
who will show no less than 60 special tools, chiefly 
employed in the construction of guns, sewing ma- 
chines, &c. The Seth Thomas Clock Company, of 
Thomas Town, Connecticut, have sent a very finely 
executed clock, at the south end of the 
Machinery Hall. It will be encased in glass, so that 
the mechanism can be seen, and will actuate elec- 
trically twenty-five clock dials distributed through 
the building. The appropriation of Connecticut 
was only 15,000 dols., out of which the Statehouse 
has been erected on the grounds, and all other ex. 


penses incurred. 


THe WALLAROO Minzs.—The intelligence to hand with 
respect to these important South Australian mines is of a 
favourable c . Two are in course of 
se ny Pate, HK 
after undergo a thorough transformation in the mine 
weutuhepe end hang, Sinds Sky pepeeial, wil what fron 
three shafts. The ill pump the western 

ion of the mines. shatt 

ms. 


American Coat.—In the first three months of this year 


the production of anthracite coal in Pennsylvania amounted 
to 2,752,041 tons, as compared with 2, 15 tons in the 
period 1875, showi i 





of an increase of 

65,826 tons . The luction of bituminous coal 
in tvania in the first months of this year was 
695,588 628,677 tons in the corresponding 
of 1875, showing an increase of 66,191 tons last year. 

t has that Iowa possesses a coalfield with 


veins 6 ft. in thickness, 





SHAW’S GUNPOWDER PILE-DRIVER. 
CONSTRUCTED BY THE AMERICAN DREDGER COMPANY, PHILADELPHIA. 






















































































We illustrate, on the present and ‘opposite pages, one 
of Shaw’s patent gunpowder pile-drivers with wrought-iron 
frame 50 ft. high, and steel gun 7}in. bore, designed by 
Mr. F. G. Prindle, and built in December last by the 
American Dredging Company, of Philadelphia, who have 
constructed a similar machine for exhibition at the 
Centennial Exhibition. 

The principle of action and manner of operation of this 
apparatus are as follows: A small hoisting engine hoists 
the ram and gun (see detail views Figs. 7,8, 9, 10, 12, and 
18) to the top of the machine where the ram is held in 
place by the friction brake. The pile is then hoisted into 
position and the gun lowered upon it, the recess at the 
lower end of the gun covering the pile-head and securely 





holding it in position directly underneath. A cartridge 
is then dropped in the gun, the operator releases the 
brake and the ram falls with its piston entering the 
bore of the gun (which is made slightly funnel-shaped 
at the muzzle), and by compressing the air exerts & 
gradually increasing downward pressure upon gun and pile 
till the inertia of both is more or less entirely overcome, 
the cartridge is crushed by the piston and ignited by the 
heat evolved by the sudden and severe compression of the 
confined air. An explosion immediately ensues, the result 
of which is to violently force the pile downward, and this 
action is measured by the reactionary effort upon the ram 
—the height to which it is thus thrown, and from a state of 
rest practically—and applied to the pile while in motion. The 
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force due to the fall of the ram and the explosive force 
exerted to throw the latter again into position are thus at 
once combined and applied to the pile. 

The principal difference of effect between this method 
and the ordinary hammer appears to be this: in the one 
case the pile is already in motion when a tremendous force 
is suddenly brought to bear upon it in the same direction, 
and in the other case it receives a violent blow when at 
rest, and a considerable portion of the force is expended 
uselessly in the destruction of the pile-head itself before its 
inertia is overcome and motion produced. Hence the 
necessity of strongly banding the pile-heads in the latter 
case, and the utter absence of any necessity for their pro- 
tection in the former. 

The ram on its rebound is caught and held by the brake 
(see Figs. 9, 14, and 15, page 409), and the operation re- 
peated at pleasure. The cartridges are made of common 
blasting powder, pressed into cylinders 1} in. in diameter, 
weighing from one to one and one-half ounces each, and 
coated with paraffine and plumbago, and are supplied by 
hand, being tossed into the gun in advance of each blow. 

The enormous power developed by the explosion of con- 
fined gunpowder, as used in this process, calls in the first 
place for a strong and rigid framing to resist the sudden 
and severe strain imposed upon the guides when the appa- 
ratus is at work; and the close fitting plunger entering 
the gun at every stroke requires a good degree of precision 
in the fitting of the guides upon which the ram and gun 
travel ; while the application of a friction brake to arrest 
and retain the heavy ramin position, at any point in its travel, 
involves the use of a special appliance for this purpose, and 
the consideration of other strains incidental to its use, and 
to which the framing itself is subjected when not in opera- 
tion. Manifestly, then, the ordinary pile-driver frame is not 
adapted to this new order of things, and several attempts 
have been made since this discovery to produce a suitable 
framing that would satisfactorily fulfill all the requisite 
conditions without being unwieldy and at a moderate cost. 
The principles involved in the process, and the efficiency of 
its action, were fully demonstrated at the outset, and to 
successfully harness this powerful engine, and place it in 
practical operation under safe and easy control, in order to 
utilise its power—a question of mechanical construction 
alone—has been the problem under solution ever since. 

The machine, which we illustrate from the working 
drawings for a wrought-iron frame 50 ft. high, is now in 
successful operation driving the foundation piles for the new 
dry dock of Messrs. Cramp and Sons, at foot of Palmer. 
street, Philadelphia, and is the second one built upon this 


particular design and now engaged upen that work. A/| q 


similar machine has, as we have said, been sent by the 
makers to the Philadelphia Exhibition. 

Referring to our engravings, A is the ram of cast-iron, 
provided with its plunger B, upon the lower end of which 
is screwed a steel ring or band, and turned to neatly fit the 
bore of the gun below, the whole weighing 2285 lb. C is 
the gun, of steel manufactured by the McHaffie process, 
and weighing 1350 lb. It hasa bore 74 in. in diameter and 
24 in. deep, pointing upward, with its mouth slightly bell- 
shap:d to receive the ram plunger at each stroke. Its walls 
are 3} in. thick at the base, and the lower end is recessed to 
receive the head of piles, D D are the uprights of the frame, 
each consisting of a single piece of 9-in. channel bar of rolled 
iron, 50 ft. long and weighing 70 Ib. per yard, with 
their flanges turned outwards, and the front flanges forming 
the guides or ways, up and down which both ram and gun 
move. The uprigh‘s are tirmly secured together, the proper 
distance apart, by means of angle-iron cross bars E, rivetted 
to the rear flanges, and spaced 6 ft. apart. The side bars 
F of the framing are of angle-iron also, one end of each 
bar being bolted through its vertical flange to the inside 
of the web of the uprights, and to the upper flange of the 
cross bar through its horizontal flange, thus forming a sort 
of gusset stay or brace to stiffen the guides transversely, 
while the other end is bolted to the ladder G, which is made 
of wcod. 

The crosshead H at the top of the frame, made also of 
9 in. channel iron, and secured tothe uprights by angle-iron 
brackets rivetted on, carries the runner sheaves I and 
cushioning piston J bolted to its upper and under sides re- 
spectively. ‘This fixed piston fits into a corresponding bore 
of the ram to form an air cushion, and prevent the escape of 
the ram from the guides when the height of its rebound is 
limited, as during the first blow with long piles. 

The friction-brake attachment, by which the ram is held 
in position at any point, is located (one on each side of the 
machine) between the flanges of the upri,:hts, on the outer 
side, and consists of a brake.bar K made of yery light T- 
iron, and brake-arms L made of McHaffie steel, spaced 2 ft. 
apart, and pivoted to the studs M in the web of uprights, 
and is operated by the lever N through the linkO. By this 
arrangement of the brake it is well protected from injury 
while at work, the connexions are short and direct, and the 
strains of its action are self contained in a single part of the 
machine, and not transmitied from one part through others 
to another part with a powerful tendency to separate them 
at every stroke as heretofore. The friction surfaces of the 
bar and guide are likewise effectually protected from any 
fouling action from the gun, which has been a source of 
much trouble in other machines, especially in damp weather 
when the brake would wot hold well. 

To facilitate the tool dressing and accurate fitting of the 
jaws of the gun and ram to this particular sectional form of 


guides, wrought-iron plates P and Q are bolted to their wings 
or arms to form the inside lips of the jaws, as shown. The 
plates P of the ram, against which the brake bar bears, are 
made a little thicker than those of the gun, so that the brake 
can be applied to the ram only, and they are also notched into 
thearm alittle to resist the shearing strains due to the instanta- 
neous change of motion while in operation, it having been 
found difficult heretofore to securely bolt anything of any 
magnitude to the ram. The sills of the framing are of wood, 
and rest upon the long rollers ordinarily used on land 
machines to facilitate its movement. The diagonal angle 
and bar iron braces R, 8S, and T are merely to give 
additional stiffness to the framing. 

The principal advantage or improvement claimed in this 
design is in the overcoming many of the mechanical diffi- 
culties which have been in the way of producing a much 
lighter and cheaper hine, consistent with the requisite 
strength, efficiency, and durability, Ordinary rolled iron 
has, therefore, been largely used in its construction, it pos- 
sessing all the necessary qualities. Moreover, the upright 
can be made in a continuous piece, without any joints or 
bolts incident to the use of cast iron or steel in sections, and, 
unlike them also, the guides require no machine fitting or 
tool dressing, while its superiority over cast iron in every 
essential respect, is sufficiently obvious without further 
comment. By this plan a large saving in cost of construc- 
tion is effected, as well as a reduction in weight, over the 
best machines of the kind hitherto made, while the operation 
of the arrangement has been most satisfactorily tested. 

It will be observed that the jaws of the ram and gun 
literally grasp this form of guides, forming a bearing on 
each of their four faces, so that the uprights support each 
other; all side thrusts or strains in either direction being 
thus communicated to them both and borne in common. To 
facilitate its being taken apart for transportation, the side 
bars are only bolted in place, and by their removal the frame 
is readily taken down. 


THE STRENGTH OF STEAM BOILERS. 
To Tae EpiTror oF ENGINEERING. 

S1r,—In your very able article this week on the ‘‘ Strength 
of Boilers,’’ you draw attention to the ‘‘ new and more 
confident view of boiler strength’’; (i.e., to the lower factor 
of safety), now allowed by the ‘‘ Manchester school of boiler 
designers,”’ and you might have added by locomotive en- 
gineers also. 

The factor of safety in question specially refers to making 
the shells of boilers strong enough to resist bursting by 
steam pressure. Now it may besafely said that more than 
95 per cent. of the shells that do yield to the steam pressure 
io so in consequence of the effects of wear and tear. This 
wear and tear then becomes an all-important element to 
be considered in determining the factor of safety to allow. 
e.. bearing upon _ uestion, portage, you will roy 

iow me to quote the fo! owing passages rom page 216 0 
my “ Treatise on Steam Boilers”’ : 

**In deciding upon the proper factor of safety to use 
for the working pressure we must guided by circum- 
stances. For a boiler that is thoroughly examined at re- 
gular intervals, and whose condition is satisfactorily known, 
we should be justified in allowing a less margin of safety 
than with a boiler that is allowed to work without being 
examined for a length of time, extending, perhaps, over 
several years, during which its strength may become con- 
siderably reduced. » > the former case there would be 
much less risk in using a factor of safety of only 3 for the 
working pressure, than in allowing as large a factor of 6 in 
the latter case. Again, for boilers that are periodically ex- 
amined we may safely use a less factor of safety when we 
can depend upon the non-corrosive action of the feed-water, 
dry condition of the flues and surroundings, and uniformity 
of strain, than when the reverse of these conditions is 
known to exist. As a rule we may use for the working 
pressure of new boilers, or thase whose condition is known 
and regularly ascertained at intervals of from six to 
twelve months, a factor of safety of 5 or even somewhat 











less, and for those whose condition is not so well known a| gq 


factor of 6 or 8, according as the nature of each case may 
demand. Since the strength of cylindrical flue tubes de- 
creases as the square of the reduced thickness, whilst the 
strength of the shell decreases simply as the reduction of 
thickness, a large margin of safety for wear should be 
allowed for the former.” 

When we know within afew pounds the steam pressure 
at which the shell or tubes of a boiler should yield, and 
when the condition of the boiler can be satisfactorily as- 
certained at periods to be determined by the nature of each 
case, the factor of safety to be used may be that which is 
considered sufficient to guard against treacherous defects 
in material and workmanship, or say 4 to 44. This no 
doubt is the most definite sensible way of treating the 
matter, and such a factor can be adopted by the Manchester 
Steam Users’ Association, and-by such of the boiler in- 
surance companies as can afford and are conscientious 
enough to inspect their boilers properly, but it could only be- 
come general with the assistance of the State, and then 
how long would such a low factor of safety be allowed ? 

But, generally speaking, where a boiler is made fora 
factory or iery outside the pale of the Steam Users’ 
Association’s and insurance companies’ duties, or where 
there is no independent periodical inspection, such a factor 
of safety as 4} or 5is certainly far too low for a new boiler. 
For even when a boiler has been set to work with a large 
margin of safety, a damp external flue, corrosive feed- 
water, or temporary and undetected overheating may re- 
duce the factor to 4 in three or four years, and in perhaps 
another year the boiler bursts at the working pressure in 
spite of its having been made with a factor of safety of 8 
or more. 





Look at the matter which way we will, competent in- 
spection with a low factor of safety is better than a pre- 
sumed and too often merely imaginary high factor without 


po 
the factor of safety for the cylindrical portion of a 
new boiler shell is usually determined by the strength of 
the longitudinal seams, it may be remarked that it is an 
extremely rare one for a boiler that has not been patched 
to give way at the longitudinal seams unless the strength 
of these has been reduced by wasting. Almost the only 
case within the last year or two where the bursting of the 
boiler might have been said to be due to the failure at these 
seams, was that of the disastrous explosion at Blackburn, 
and the fact that the two boiler engineers, who reported to 
the coroner, ascribed the explosion to two different causes 
the existence of which was entirely hypothetical, should go 
far to show that fractures at longitudinal joints are so rare 
= - be scarcely worth considering as a probable cause of 
ailure. 2 

One point perhaps worth notice is that at many works 
where it is well known the feed-water attacks the plates 
locally, as, for instance, at the water level, the boiler at 
the parts attacked may with advantage be made of excessive 
strength to begin with, as it is the inevitable local weaken- 
ing of the boiler at these parts that eventually condemns 
the whole. In many cases where the rate of the wasting 
action is well ascertained, it would be better to make the 
vulnerable parts strong enough to last, say twelve years, 
than to have to begin to patch the boiler in five years to last 
some three or four years longer. Patching is more objec- 
tionable in most cases than ing the boiler of unequal 
strength to begin with, when it is certain that the uniformity 
of strength will not last long. 

Respecting your remarks on Fairbairn’s rule for the col- 
lapsing pressure of circular flues, I may venture to.say the 


formula P =806,300 a is now used by boiler engineers, 


not as being the rule deduced from the nineteeen experi- 
ments on very thin plates, and in which the conditions of 
strength were very different from those of a boiler tube 
under steam pressure, but as —s been found by ex- 
perience with boilers at work, and under hydraulic pressure 
to be approximately correct. Thereare thousands of boilers 
working, and insured too, at 30 lb. pressure, and many as 
high as 45 lb. with tubes, which according to the Board of 
bs rales, would not be allowed to work at more than 


There is no lack of engineering ability at the Board of 
Trade, which makes it the more surprising they have 
not satisfied themselves with actual tests, instead of modi- 
fying Fairbairn’s rule, deduced from experiments, which, 
however valuable they may have been, require to be supple- 
mented by a fresh series of tests under conditions of pres- 
sure, attachment, and contortion, more like those that are 
found in the actual working of boilers. 

Yours respectfully, 
RoBERT WILSON. 

11, St. Bride-street, Ludgate Circus, May 13, 1876. 








THE THREE-CYLINDER ROLLING MILL 
ENGINE. 
To THz EpiTor oF ENGINEERING. 

S1r,—In Mr. Head’s criticism of the “‘ three-cylinder’’ 
engine in your issue of the 5th inst., he says that ‘‘ the steam 
must be carried to about seven-eighths of the stroke before 
cutting off to allow the next piston in advance to have an 
appreciable leverage over the crank, in order that the engine 
may have no dead centres ;’’ and he argues from this that 
the steam cannot be worked expansively, and consequently 
the engine cannot be comnaatianl. 

This would be true if it were necessary to carry the 
steam admission so far. But if the valve be a to 
cut off at any desired point, md between } and 4 stroke of 
the piston, the engine {althoug’ it will not start in every 
position of the crank without special provision being made) 
will be found to produce an effect on the crank-pin during 
a revolution Me oe | constant throughout ; and, practi- 
cally, ‘‘ three-cylinder’’ engines, cutting off as early as this, 
So a re to work steadil ly at a uniform speed without a 


But even with the valve cutting off at as early a point as 
ith stroke, by a very simple method which I have for some 
time employed, these engines may still be made to start 
themselves in any position, mf I enclose an indicator 


B| 


diagram taken from an engine ayn ge to cut off at that 
point. This engine ily moves off as soon as the sto 
valve is opened, and I be happy to show Mr. H 








a ~~ re this result is — » tote : 

it be n in a dou ing two-cyli engine 
to admit tae five-eighths of the stroke, the arrange- 
ment above ref to should possess advan inde- 


pendent of the simplicity of the valve ; should 





secure considerable economy in working «  three-cylinder” 
engine thus y 
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Mr. Head points to the shortness of the connecting rods 
used in these engines, but he must be well aware that such 
an objection is not necessarily involved in the principle of 
the construction, for the “ three-cylinder’’ rolling mill 
engine at his own works has connecting rods about seven 
times as long as the throw of the crank, as fhe accompany- 


ing sketch will show. 

















. aw at the 


The ‘‘ three-cylinder”’ 
pressure, cut 


ine at 

of piston mentioned and 50 fb. steam” 
half stroke, should indi 
believe bee an magne of 4 hppa 
rtioned wearing surfaces may he run at a speed 
east equal to, if not in excess of, that of an ordinary engine, 
and will develop power in eigen The engine in ques- 
tien stands in a 8 of about 11 ft. 3 in. by 10 ft. 6 in. on 
the base. Would ‘this space suffice for an ordinary hori- 
zontal engines of the same power? ; 

Mr. Head contends that the ‘* t linder’’ engine 
cannot be balanced properly except as the revolving 


at 


ights of crank and pin, and big ends of connecting-rods, | by Mr 
and furth aie at Waenaindar “Ot more than one-seventh part of the depth of such bars ; this 


and further that the momenta of piston and r 
connecting-rods must produce wear and also s i 

Now it is claimed as an important feature of the ‘‘ three- 
cylinder’ engine that it can be run at a high speed without 
knocking at any joints, inasmuch as the -rods are 
always in compression, and thus kept up to their work ; 
during the inward stroke by the pressure of steam on the 
pistons, and during the outward. stroke by having to force 
the pistons against any back pressure that may remain 
while the exhaust is open, and, later on, against the cushion 
of steam formed by closing the exhaust. (This is done 
rather earlier than in ordinary ery Similarly all the 
other wearing surfaces throughout the engine remain in 
constant contact. ‘ 

I must deny that the momentum of the piston and con- 
necting-rod at the termination of the inward stroke is ex- 
pended in producing shake and wear ; but, on the contrary, 
it is given out on the crank-pin in exe! for the power 
absorbed by the piston in advance in the work of com- 
pressing the remainder of the exhaust steam during its out- 
ward stroke. This process enables a considerable saving of 
steam to be effected without loss of power ; for the exhaust 
being closed early, and the remaining steam being com- 
pressed, very little live steam will be required to bring the 
pressure in the clearance space and up to the 
initial working pressure. As regards the shake 
which Mr. Head says will take place, surely if the 
are p ioned to resist the heavy pressuréat’ the first 
part of the stroke they will be sufficient to withstand the 
diminished strain at the other end. 

Hoping this explanation Will secure ‘or confirm Mr. 
Head’s confidence in a piece of mechanism for which he is 
good enough to express admiration, + 

I remain, your obedient servant, 
Prter BROTHERHOOD. 

56 and 53, Compton-street, Goswell-road, London, E.C., 

May 10, 1876. © ” 
ee =r We 
To THE EpiTor oF ENGINE a. 

Str,—Will you allow me space to make a few remarks 
as to Mr. Head’s second criticism’ of’the three-cylinder 
engine at Openshaw. We are told that the maximum 
of this engine is 140 revolutions per minute, and the stroke 
18in., therefore we have a utilised speed of each (single 
Peg Ae ey 210 ft. per minute. Granted ; but does 
Mr. ’s deduction follow? Here’ we ‘have an absolute 
piston speed of 420 ft. per minute, ‘and our ‘piston has 
virtually three faces, so that the wtilised piston speed of 


theavhole engine must be OOS = 630,ft. per minute. 
Now in the ordinary coupled’ mill-engine running with a 
| ll speed. of 300 ft. oe minute, we have virtually four 
single-acting pistons, so that the utilised speed is = 4_ 
600 ft. ‘per min ot nearly 5 per cent. lesé than the throe- 
cy, engine. This appears again in another way, for 
Gail oti elements being the same) the effect with any 
given. piston speed must be directly proportional to the 
-of piston faces on which the steam acts during one 

m. This gives us for the three-cylinder engine, 


ree 
a8-@ompared with ordinary coupled engines, a= 


20 
the same result,’ or a piston speed 5 per cent. above that 
ordinarily adopted. The whole er a as to size of en- 
gine and slow running seems therefore to be founded upon 
some misconception, or rather have not two of the three 
pistons been forgotton in the sumnation of effect? For we 











seen ical 
a 


+ | tion of fracture above this line is 


have only to multiply the utilised speed of each piston or 
piston face, as giveri by Mr. Head, by three to produce the 
same net result as above for the whole engine. 
Your obedient servant, 
May 15, 1876. W. T.C. 


THE STRENGTH AND FRACTURE OF 
CAST IRON, 
To THE Eprror or ENGINEERING. 

S1r,—My attention was called to the above subject by 
seeing a letter from your correspondent “‘W. B.C.” in 
ENGINEERING of the 12th May, otherwise I should have 
overlooked Mr. Millar’s paper in your impression of the 

y experience with cast 


5th May on the same subject. 
iron has been considerable, otherwise I would..not. — 
ich T hope 


upon your space with the following remarks’ 
may throw some li idupen the sulledt. Bas > 
_1t was the position of the neutral axis as on the 
———— by “ W. B. C.,” that drew my atten in the 
instance as being very much too low according to my 
experience for a solid cast-iron bar, and as the ent 
used by your t relates to the position of the 
“‘fibres’’ just above the neutral, axis by strained to a 
ag es ye era vewere and thus accounting 
‘W. BO’e dacmee If co ie = SES, aoe 
F 2s” di " we su) neutral axis 
be six-eevenths from the bottom of the bar we have 
tically finished with the alteration in the direction of the 
fracture after arriving at the compression part of the bar ; 
and this will be still more apparent on ing to the 
in your issue of the May as from 
Mr. Millar’s paper and marked “ Fig. 2 from actual frac- 
jeg these fractures, I may remark, are a fair sample 
of what would be obtained in ordi practice, and 
drawing a parallel line one-seventh of the depth 
the bar from the top, it will be seen that the direc- 
practically in 
rate in six of the eight 
a. The eighth 








with the weight applied, at an 
shown, counting from left to 

case is such an exception that it is best left out in viewing 
the line a ees as considered by m{ To wae 
experimen @ some years ago on 2in. deep by lin. 
broad cast-iron bars, on 3ft. supports, it seemed quite clear 
that with a similar quality of iron to that experimented on 
A , the compressive strain was confined to not 


was ascertained by casting groups of three bars ther, 
arn mer ow a eee in ~~ solid form, ie other two 

g drilled for the purpose of ascertaining w’ on 
of metal was seaneed for its proportion of strain in both 


5 











tension and compression. Figs. 1, 2, 3, 4, 5, and 6 represent 
some of those tested for compression, and Figs. 7, 8, 9, 10, 
11, and 12 some drilled for tension, and it will be noticed 
that the positions of the holes were gradually raised or 
lowered until it was found that the bar was — weakened 
by cutting too near the top or bottom side as the case 
night be, whether trying compression or tension ; and thus 
it was ascertained that under a steady load a bar that had 
its centre cut out to leave one-seventh* (rather less) of the 
metal for compression, ‘and fully one-third of the depth 
from the bottom for tension was practically as strong as a 
solid bar, see Figs. 18 and 14, and thus we find that a slot 
lysin. deep may be cut h a 2in. by lin. bar without 
ical injury to its s' h under a steady load, and I 
ve often bars so cut, both for the information of 
others as well as for myself, and always with a similar re- 
sult to the solid bar cast by its side in the same box, from 
the same runner and ladle. 

It is a fact that that cast iron run out of one ladle into 
several bars at the same moment, will, in exceptional cases, 
vary without perceptible flaw 20 per cent., and ag age 
in the best foundries 10 per cent. ; and this being the case, 
it is not difficult to prepare one’s self for the assertion that 
sound cast iron will in ordinary castings, under wide ranges 
of circumstances, vary at least 40 per cent. in both ultimate 
strength and ultimate deflection, and this without an inex- 
perienced person seeing anything remarkably different in 
the fractures. ess Ie 

The above will account, I think, for the variation in the 
distance of the commencement of the fractures from the 
centre line of the load as mentioned in Yr. Millar’s paper. 

The fractured part on the compression side being nearer 
the centre of the bar than on the tension side, is carey 
because the strength of cast iron is not nearly so liable to 
variation from any defect in a solid jbar in compression as 


* In some metals one-tenth would represent the propor- 
tion nearer. 











in tension, this being more clearly seen by taking a bar as 
cast in the mould, and subjecting its u ride to tensile 
strain, which will show 20 per cent. results than 
when the same (or the defective side) is keptin compression, 
as is the admitted custom, for the sake of uniformity by 
both experimenters and at works. 

In ph 6 of Mr. Millar’s paper, it seems that the 
curved fractures varied 3} in. as measured from the centre 
of the bar, or slightly more than 20 per cent. of the half 
length of the bar, namely, 18 in, from the weight to one of 
the supports, and judging from this we should expect a 
variation in the ultimate strength of those same bars of the 
same amount, and on reference to Table No. I., ‘‘ Curved 
Fractures,” in Mr. Millar’s paper, it will be found that the 
ultimate stress did vary 21 per cent., or in the same ratio 
which agrees with own experience formed from experi- 
ments upon several thousand similar cast-iron bars; and I 
may also mention that the strength obtained by Mr. Millar 
from tensile links in gong to the transverse bars_is 
more than justified by my observation in testing about 
1000 samples of 1 in. square bars in direct tension. a 

posing te discussion upon Mr. Millar’s , reference 
was to experiments upon beams by odgkinaon and 
others, and it may, therefore, be of some assis for me 
to. remark, that in proportioning the compression and 
tension flanges of any cast-iron girder accurately it is neves- 
sary for the designer to know what class of cast-iron he 
has to deal with, as the compressive and tensile strength of 
the iron will vary in their proportionate relation to éach 
other, just as the iron varies in hardness or softness. In 
caso a beam is designed too smal init compression f % 

should e see the fracture vary as illustra’ 
ihn dieasiion, os the uesienl nate eeu be ht much 
nearer the bottom , and more especially so if. the web 
of the beam were very thin, as in the case of girders experi- 
mented upon by Fair and . 

I have for a long time been that sufficient.at- 
tention has not given to the tion of de- 
flection in conjunction with ultimate stress in transverse 
bars, andI believe this is one of the greatest, if not the sole 
reason for the very large variation in results registered by 
different experimenters. If we take a brand of cast iron 
which will, in its unmixed state, give in a2in. by 1 in. trans- 
verse bar broken = 3 ft. supports, say, 24 cwt. ultimate 
stress, with an ultimate deflection ‘38 (thirty-eight one- 
hundredths), and another brand of iron unmixed, which will 
give 38 cwts. ultimate stress, with only .24 deflection, we 
can by mixing these together carefully obtain any interme- 
diate result, as, for example, 31 cwt. ultimate stress, and 
.31 in. deflection, and experience justifies the conclusion that 
deflection and stress should be varied to suit every special 
form of casting if comparative perfection is to be attained, 
and this can be done to a wonderful nicety to suit any-re- 
quirements when the requisite care is taken in selecting and 


mixing iron. 

_ In conclusion, allow me to remark, Sir, that flaws in cast- 
ings such/as 2 in.X1 in. bars can be very nearly computed 
as to their danger by their position, as will have seen 
from the facts before stated ; for example, a bar with a 
blown hole running along as per Fig. 15, will not besensibly 
weakened by the hole, as one may be drilled through, as per 
Figs. 13 and 14, without weakening it, and practice ike 
proves this conclusion to be correct, as I have several times 
seen such bars bear as great a weight as a solid one cast by 
its side; but turned with its top side in tension, the condi- 
tions are all changed, and the bar will scarcel 


thing. This latter fact clearly demonstrates the fapor- 
ance of casting, even at great inconvenience, beams, &c., 


with the top of the casting for compression. 
I am, Sir, yours sincerely, 
GrorGe BARKER. 
May 16, 1876. 


* HEAD’S PATENT PRIME MOVER.” 
To THE EDITOR OF ENGINEERING. 

S1z,—In my last letter there are two corrections I wish 
to make. In the second column, line 12, for ‘‘ Escher Wyn 
and Co.”’ read “‘ Escher Wyss and Co.,”’ and at line 36 of 
the same column for “‘ precursive’’ read ‘‘ percussive.’’ 


Yours faithfully, 
London, May 15, 1876. E.0.B 





“SLIDE VALVE DIAGRAMS.” 
To THE EDITOR OF ENGINEERING. 
S1r,—Will you allow me to ask Mr. J. Wilkinson how he 
accounts for the flats (running parallel to the lines ‘* of 
opening and shutting of steam ports”) in his slide valve 
m, as theoretically they do not appear? 
course these flats are produced by the pencil (or slide 
rod) being at rest when the paper drum (or piston of the 
engine) is in motion. How is this expla P Is it si 
from ‘‘ back-lash’’ in the link motion, &c., together 
the different speeds of piston and valve rod at that tirtie. 
It would be interesting to know the part of the engine fro 
which the motion of the paper drum was taken, and: 
means used for communication. ~ 
Yours truly, 


RQUES. 
P.S.—If Me De will tole to “ acre Steam 
E .. e”’ e@ % e wi a ; se en 
a pg Lom. engines’’ which do not show the 
in question. _A. 
e may reply to our correspondent’s query without 
troubling Mr. ilkinson. The “ flats” to which ‘‘ Arques” 
refers are simply due to slackness in the joints of the valve 
gear, or to wear of the eccentric strap. Such “ flats’’ are 
always present in di ms taken from valve gear, which 
has some time in use, and in des it is 
desirable that the effect of such “ flats” should en into 
consideration. ‘‘ Arques’’ will find the matter treated in 
the chapters on valve gear in " “ ve 


gineering.” —Ep. E.] 
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CORLISS BEAM ENGINE (1400 HP. NOMINAL) AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY MESSRS. GEORGE H. CORLISS AND CO., ENGINEERS, PROVIDENCE, RHODE ISLAND, U.S.A. 


Pq. 3. 








WE give this week a two-page engraving, together with a 
plan on the present page, of the magnificent pair of Corliss 
beam engines constructed by Mr. George H. Corliss, of 
Providence, Rhode Island, for driving the machinery in the 
Machinery Hall at the Philadelphia Exhibition. Three 
weeks ago (vide page 331 ante) we gave the chief par- 
ticulars of these engines and explained the circumstances 
under which their construction was undertaken, but for 
convenience of reference it will be as well that we should 
repeat these particulars here and also direct attention to 
some special features in the design of the-engines which 
Were not previously referred to. We may add that the 
views we now give show only the general arrangement 
of the engines; we hope, however, in a future number to 
publish complete details which will further explain the 
special points in their construction. 

The pair of engines we illustrate are collectively rated at 
1400 horse power nominal, but they are capable of indi- 
cme 2500 horse power. The principal dimensions are as 
ollows : 


ft. in. 

Diameter of cylinders 3 4 
°_ A nip sie hve e 
Diameter of piston rods (steel)... aR 0 & 


Speed, 36 revolutions per minute, corres- 
ponding to a piston speed of 720 ft. per 


Renate af beans 27 0 
Die kee. Me eS 
ees ee se te 
aa 2 2 hee FT 3 





ft. in. 
Diameter of flywheel ... ..  .. 80 0 
Width “ “ gerosstheface ... 2 0 
Number of teeth on flywheel 216 
Weight of flywheel Be 56 tons 


Each piston rod carries a crosshead which works on fixed 
guides and is connected to its corresponding beam by a 
link, there being no parallel motion. The crosshead 
guides extend from the cylinder cover to the top gallery, 
and by the side of each guide is a screw by means of which 
the top cylinder cover with the valve boxes can be readily 
lifted so as to give access to the piston. This is a very 
convenient arrangement, and,. so far as we are aware, a 
novel one. 

As will be seen from the side elevation of the engines the 
form of the beams is somewhat peculiar, it being quite 
a departure from the approximate parabolic contour usually 
adopted. The form is one, however, which looks well fitted 
for its work, and it is not likely to have been adopted by 
Mr. Corliss without ample reason. Each beam is cast in 
one piece. The bearings for the main centres of each beam 
are carried by a pair of A-frames which also support the 
top gallery. The legs of the A-frames are spread so that 
one forms a straight connexion between the base of the 
cylinder and the main centre, and the other between that 
centre and the plummer block for the flywheel shaft, and 
the strains are thus directly transmitted and do not pass 
through a bed-plate, as is very commonly the case with 
beam engines. Access is given to the top gallery of each 
engine by a staircase at the side, and the two galleries are 
moreover connected by @ central gangway, as shown in the 


plan. 
The general arrangement of the valve gear will be best 








understood by an inspection of the side and end elevatien ; 
of the details of the gear we hope to give full 
ata future date. The rods, which are about 
24 ft. long, are of horse-shoe scrap iron, 9600 horse-shoes 
having been used in making them. The cranks are of gun- 
metal and w: 8 tons each. The flywheel is cast in 
segments and ite teeth are carefully cut, it being, it is be- 
lieved, the heaviest cut wheel yet made. It gears into a 
spur wheel 10 ft. in diameter and weighing 17,000 Ib., this 
wheel being cast in one piece. According to the accounts 
we have received this gearing runs splendidly and is almost 
noiseless. As stated in our former notice the 10 ft. spur 
wheel is fixed on the main shaft 252 ft. long, which runs 
across the building, this shaft driving at four points lines 
of longitudinal shafting by means of nests of bevel wheels 
6ft. in diameter. All the shaf far mentioned is be- 
neath the floor line, the longitudinal shafts being each 
108 ft. long and extending to points directly beneath the 
ends of the lines of overhead shafting. At the of 
these four underground longitudinal shafts are the 
main pulleys, seven of these being 8 ft. and the other 
in diameter, all of them being 32 in. wide on the face, From 
each pulley a 80 in. double belt extends to the correspond- 
ing overhead shaft, there thus being a total width of 20 
of double belting to off the power of the engine. 
Each 30 in. belt drives a straight line of shi 685 
long, and the belts run in glass compartments so 
are visible and form exhibits. Besides the 
shafting already mentioned there is an extension of the 
main transverse shaft for a distance of 100 ft. to transmit 
power to the annexe. 

The is erected with a platform 55 ft. in diameter 
raised 8 ft. 6 in, above the floor of the building, access to this 


fp 
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platform end to the galleries being given by staircases, 
as shown. Including the galleries, the total weight of the 


engine and its accessories is 1,860,588 lb., or rather more 
than 607 tons, and, as stated in our former notice, it required 
60 10-ton cars t> transport it to Philadelphia, the cost. of 
its carriage from Providence, Rhode Island being 5442 dols. 
55 cents, or about 1000/ sterling. We should add that work 
was only commenced on the engine on June 14th last. 

The engine, as it stands, undoubtedly forms a grand 
mechanical monument, and it is most fitting that such a 
prominent exhibit at Philadelphia should be associated with 
the name of Mr, George H. Corliss, an engineer whose designs 
have beenso extensively adopted not only in his own country, 
but alsoin Europe. There is in fact no engine builder whose 
patterns have been so universally imitated, and therefore 
none more worthy of the post of honour at an American 
exhibition. 

The engine we illustrate is supplied with steam by 
twenty upright Corliss boilers, of which we shall give a 
description on a future occasion ; these boilers being capable 
of being worked up to a pressure of 80 lb. per square inch. 
We are unable yet to form even an approximate idea of the 
power which will be required to drive the whole of the ex- 
hibited machinery, and we are thus unable to judge to what 
extent the power of the engine may be tested; but we 
sincerely hope that such an opportunity as that here offered 
will not be allowed to pass away without a series of careful 
experiments being carried out on the steam consumption. 
Every facility will exist for running the engine with dif- 
ferent steam pressures and at different ratios of expansion, 
and we sincerely trust that the opportunity which thus 
exists for obtaining some valuable data may not be lost. 
Our friends on the other side of the Atlantic have carried 
out some of the best series of experiments yet made on 
steam engine performance, and if they thoroughly test the 
Corliss engines at the Philadelphia Exhibition they will add 
materially to the obligations of their siteend brethren 
here. 


HORIZONTAL CORLISS ENGINE. 

Tue considerable extension going on in Bombay of the 
cotton manufacturing industry has much excited Man- 
chester of late, and we doubt not that with such indomitable 
energy and enterprising spirit as the native merchant 
princes of Bombay have always evinced, it will be difficult if 
not impossible to check it even by the withdrawal of the im. 
port duty on Manchester goods. With indigenous cotton and 
cheap labour, there appears by the past success of the mills 
in Bombay to be a good margin against the cheaper fuel 
and machinery as well as cheaper capitalin England. We 
may, therefore, expect to see not only additional mills 
springing up from time to time, but the present mills en- 
larged. 

In our illustration on page 412 in this week's issue is a per- 
spcctive view of a fine pair of Corliss d horizontal 
engines for the Fleming Spinning and Weaving Company, 
Bombay, who have found it necessary to replace their old 
engines with others of considerably greater power. This ex- 
tension is being carried out under the able and energetic 
management of Nursey Kessowjee, Esq., the managing 
director of the company, who has ordered the engines of 
Messrs. Smith, Fleming, and Co., 17 and 18, Leadenhall- 
street, London, through Messrs. W. Nicol and Co. their 
Bombay house. The specification of the engine was prepared 
by Mr. G. Allan, Memb. Inst. C.E., and the contract carried 
out under his superintendence by Messrs. Douglas and Grant, 
engineers, Kirkcaldy, N.B. 

The engine with 80 lb. of boiler pressure and cutting-off 
at one-fourth in the high-pressure cylinder, will give an 
effective ratio of expansion of about 10, and with the 
piston speed of 440 ft. per minute will develop 1000 indi- 
cated horsepower. The engine is designed to work at a 
higher pressure than this, but at first it will have to develop 
the above power with only 60 Ib. of boiler pressure, in con- 
sequence of the present old Lancashire boilers not being 
sanctioned for more. 

The high and low pressure cylinders are respectively of 
40 in. and 66in. in diameter, and 6 ft. stroke. Both are 
thoroughly steam jacketted in bodies and ends. The valves 
are of the well-known Corliss type, the steam valves having 
an improved automatic releasing gear. The cut-off in the 
high - presssure cylinder is entirely controlled by the 
governor, whilst the low-pressure cylinder is similarly fitted, 
but has the addition of an adjustment for a uniform point 
of cut-off. _ The pistons as well as the Corliss valves, work 
in. cast-iron liners carefully fitted into bored seats, these 
liners are cast of a special mixture of tough and hard iron. 

The cranks are at right angles and the in‘ermediate re- 
ceiver ia formed by the available space underneath the high- 
pressure cylinder, the short connecting pipe and the passage 
round the low-pressure cylinder, The piston rods, which 
are of sieel, 6} in, in diameter, are in both cases carried 
through the back covers and supported by flat slipper guides. 
The main frames are of the usual Corliss pattern and of 
Very great strength ; each frame is cast in two parts, joined 
with flanges and turned bolts in most substantial manner. 
The brasses of crankshaft necks are each in four sections, 
with a wedge adjustment, so that the bra:ses can be tightened 
oc eased while the engine is at work. The crankshaft is of 
steel, having necks 16 in. in diameter and 24in. long; the 
centre is 20 in. in diameter. The crank pins are of steel, 
10 in. by TO in, 

The geared flywheel is 20 ft. in diameter, 24 in. broad on 











face, and 5}in. pitch. The teeth are of cast iron, and 
capped at both ends up to the pitch line, the rim and‘caps 
being turned. The rim consists of two rings of eight sec- 
tions each, which break joint with one another, and are 
joggled and keyed together ; the inner ring being attached 
to the arms with dovetailed keys and turned bolts. 
The arms are turned and fitted tapered with cotters into 
the centre boss of wheel. The weight of the flywheel with 
its shaft and cranks is about 53 tons. 

The pinion driven from flywheel is 6 ft. 44 in. in diameter. 
The rim and teeth are cast together, but separate from the 
centre and arms, to which they are secured by dovetailed 
keys having first been turned and bored. The second mo- 
tion shaft is on a level with crankshaft, and is carried on 
heavy cast-iron brackets, which are rigidly bolted to main 
frames of engine. 

The condenser is close behind the low-pressure cylinder, 
and is fitted with Mr. Allan’s improved distribution plate, 
which splits up the jet water so as to present the largest 
possible amount of cooling surface to the steam within the 
first foot of its fall: in this instance about 180 ft. of sheet 
water is presented to the steam. The air pump is 46 in. 
diameter and 8 ft. stroke, worked from the prolongation of 
piston rod by a wrought-iron bell-crank. We cannot too 
highly commend the plan adopted in this instance of arrang- 
ing to have the air pump and condenser in the daylight 
instead of the usual plan of burying them out of sight, and 
we understand this is followed by Mr. Allan in all his con- 
densing engines. 

Provision is made by requisite pipes and valves for work- 
ing either cylinder by itself if necessary, and for exhausting 
into the atmosphere; whilst the low-pressure cylinder is of 
ample strength to work with a steam pressure sufficient to 
drive the entire mill itself should necessity require it. Each 
cylinder has its own governor, and each is, in fact, a complete 
engine. Generally, steel isemployed throughout in place of 
wrought iron. The eylinders are fitted with complete indi- 
cator gear, and are thoroughly felted and lagged handsomely 
with polished mahogany. 

The engine was run under steam and tested by the indi- 
cator at the makers’ works in the presence of several 
engineers and other gentlemen most competent to judge, all 
of whom were highly satisfied with its well proportioned 
appearance and the excellence of its finish. We shall in a 
future number give some further engravings of this engine, 
which will explain more fully the details of its construction. 


THE CORLISS ENGINE. 
To THE EDITOR OF ENGINEERING. 

S1r,—I do not think any careful er can have noticed, 
in your last few numbers, the mention of the Corliss engine 
without remembering the very bitter criticism, condemning 
it in no measured terms, that appeared in, I believe, all the 
mechanical journals a few years , and yet it well thrives 
apparently; and a Continental ine economy is more 
studied than in England) ‘‘ Constant Reader’’ considers it 
worth claiming Belgium as the country that has most helped 
to pone this invention. 

was very much surprised when in England, about a 
year ago, to hear of the number of Corliss engines “‘ turned 
out” and “in hand” at one English manufactory, so I 
think there is reason to doubt Belgium’s claim. 

Can you, Mr. Editor, enlighten us on this point? and has 
no admirer or manufacturer of the Corliss engine any 
well-conducted experiments, like those on the compound by 
Messrs. Donkin and Company, to record in its favour? 
Such would be most interesting and instructive. 

I beg to remain, Sir, 
ANOTHER “‘ ConsTANT READER’’ P. 


WATER-TUBE BOILERS. 
To THE Eprror or ENGINEERING. 

Gep.st The peper read before the Institution of Naval 
Architects deals, with a subject of im , and at the 
present time of interest. to ms, as itisa 
step in the right direction, but still I think what should be 
aimed at is the perfect consumption of fuel, that is, in fact, 
the fountain head to be worked up to by engineers; no 
doubt water tubes will suit better than the old style, as 
they have been shown to be of easier construction, cheaper, 
and less bulky for marine p ; but still there is no 
improvement to any extent in the using up of the valuable 
gases, &c., produced by the burning of the’ coals, 75 per 
cent. or thereabouts going up the funnel, and according to 
science taking their turn again in forming future coal 
seams. But that has got nothing to do with us, as our object 
is to make as much as we can out of our present sup y; 
however, this is a subject to be dealt with by the chemist 
and engineer combined, either by twisting and turning the 
combustion chambers in all manner of directions so as to 
make the best usé¢ of the gases, or by feeding the furnaces 
with a supply of oxygen generated for the purpose. This 
is, perhaps, looking too far into the future, so I shall only 
now 8 on the water tubes, being more practical. 

Mr. McFarlane Gray has stated that the increased 
—— | from higher pressures would not be so great as 
generally supposed, but did not. controyert the belief that 
a higher pressure means a greater economy of fuel, or that 
our present knowledge is likely to point to any other theor. 
for reduced coal consumption at sea ; and has not pre 
us that any extent of increased pressure is obtainable with- 
out a cal change being made im our type of boiler. 
However small the amount of in economy, it may 
be worth securing, provided the process is not too incon- 
venient. 

The water-tube boiler has, as. far as it has 
failure, pas 3 Sa is no ——— “7 > shoul a 

. remember aright, Mr. Flannery pointed out 
to his interested and intelligent audience that there were 














serious misconstructions in all the different varieties of 
tubular boilers which he enumerated and showed by his 
plain and workmanlike drawings ; that is, the deficiency in 
the circulation. This point is interesting as the uncertain 
element of friction interferes, and as suggested by the 
author, artificial circulation may be a solution of the diffi- 


culty. 

There is one thing, however, which limits the high 
pressure of steam and will cause us some future day to 
turn our attention to the direct economy of fuel (that I 
spoke of in tbe first part of this letter), that is, at a certain 
temperature of the plates spheroidal action is set up and 
the water a kept apart from their internal surface the 
plates become hot and collapse; the temperature at which 
this action begins is about 450 deg., and steam at this tem- 
perature has a pressure of about 440 Ib. 

One line or so more and I am finished. I see some of 
your correspondents have got steam domes on the brain, 
and seem to think that the steam dome is the weak of 
cylindrical boilers, never po ga: | ing that it is the shell of the 
boiler itself which has been weakened by cutting the plate 
for the steam into the dome. Yours truly, 

JOHN TLEY. 

33, Tonsley-road, Wandsworth, May 17, 1876. 


STEAM DOMES. 
To THE EDITOR oF ENGINEERING. 

Srtr,—Permit me to add a few words upon an interesting 
subject lately discussed in your paper, viz., “‘ Steam 
Domes.” I need scarcely say that I fully agree with the 
statements so ably brought forward by Mr. David Croll, Jun. 

In answer to your other correspondents, to begin with 
Mr. R. Johnson, I beg to say that there is no need at all 
for the deflection at a 6 and c d (see Mr. Croll’s first letter) 
being the same ; the greater deflection at a b probably being 
caused by the bulging outwards of the top of steam dome, 
which top is not stayed. 

There is still less reason for Mr. Johnson’s suppositions, 
as boiler and engine were disconnected at the trial. r. 
J.’s perforated internal steam pipe is no = novelty. 

Mr. Alex. Smith’s letter is very sensibly written, only it 





does not teach us anything new, unless it be the strengthen- 
ing of the opening in top of shell by a ring, which cannot 
be of much use. The opening at the s.s. the size 
of a large manhole, say, 14 in. by 18 in. 

Of course nobody on board the ss. Etna thought that the 


boiler would burst at only 95lb., more exactly 97} Ib. (the 
Dutch regulations permitting an hydraulic test of only 14 
by the working pressure in this case). The test was solely 
applied in order to ascertain if the dome or the boiler 
shell near it would show any signs of w ess. I 
cannot admit that a dome like those of the s.s. Renown or 
Marcasite will burst suddenly without any warning. It 
ought, to my idea, to be the same as with flat surfaces or 
internal furnaces insufficiently stayed ; if an hydraulic test 


be carefully conducted the “‘ set’’ gradually increases with 
rt of the boiler 


every pound of pressure. 

I will not deny that a dome is a weak 
in many cases, but, as Mr. Croll rightly observes, the 
danger is mostly attributable to bad flanging or other cir- 
cumstances. 

Mr. Smith calculates the pressure on the dome; now a 
strain of 1} tons on each rivet, amounting to about 4 kilo- 
grammes per square millimetre, is indeed not too much. 

As Mr. Croll justly observes in his second letter, steam 
domes are scarcely subject to corrosion, unless it be from 
leaking stop or safety-valves on the outside. 

The explosions on board the s.s. Renown and Marcasite, 
so soon one after another, were indeed somewhat alarming. 
But if we read with attention the Board of Trade report as 
published in your number of October 8, 1875, we find 
mentioned a number of circumstances to which the explo- 
sions may be attributed with more reason than to the 
design of the boilers. : . 

In Mr. E. B. Marten’s report on boiler explosions for 
1875 (see ENGINEEKING, March 17th, 1876) the explosions 
Nos, 31 and 32 mean, of course, the steamships in question, 


although they were not s ote) 
I believe Mr. Marten, himself a great authority in such 
’ did not 


matters, mentions the proper causes in wri 

No. 31: ‘* The safety valve was out of order, 

work freely, and the over-pressure foreed the deme from 
its seat, tearing it through the line of rivet holes at the 
base.” 

And under No. 32: ‘* The dome was blown off, being of 
inferior metal and badly attached to the shell, gaye way 
from over-pressure, the free action of the safety valve 
haying been prevented.” 

In one of the cases the dome was placed in the uptake, 
) ame wo did not tend to increase the strength of the 
material. 

Indeed, whilst a large number of marine as well as fac- 
tory boilers are fitted with steam domes of + diameter, 
I never have seen any explosion mentioned Sefore those of 
the Renown and Marcasite, although an average number of 
seventy boilers explode eyery year in England, and some 
more in other countries, .of most of which we get the par- 
ticulars through your valuable paper. 

I remain, Sir, yours trul: 

Amsterdam, May 13, 1876. W. A.M, PrepErs. 


STEEL FOR SHIPBUILDING, 
To THE Eprror or ENGINEERING. 
dent “‘W. B. G.” is quite wrong in 


Srr,— Your correspon 
saying there is more difficulty in getting rid of silicon by 





the Siemens-Martin than by the process, as he 
may see by consulting any series of analyses of the two 
kinds ; in fact, Siemens steel usually cothain’ but traces, 


while Bessemer steel contains appreciable quantities. The 
lower temperature of Siemens steel does not affect the 


silicon as he supposes, 
Tam, Sit, yours truly, 


Glasgow, May 12, 1876. G. 8. P. 











May 19, 1876.] 


ENGINEERING; 


415 





AGENTS FOR ‘‘ ENGINEERING.” 
MaNOMESTER: John Heywood, 143, Deansgate. 
GLASGOW: William Love. 
FeAnoe: Lemoine, 15, Quai Malaquais, Paris. 
Bguerum: P. Bailly, 37, Bue des Fripiers, Brussels. 
Kirkland and Cope, Ostend. 


United STATES: 
Miller and Smith, 43, aes New York. 
Visames Lehmann and Wenzel,‘ tnerstrasse. 
Gero! 


and Co. . 
Russta: At all Post-Offices in the Empire. 
Leipzig; Alphons Darr. 
BERLIN: Messrs, A: Asher mp Co., 5, Unter den Linden. 


CatcuTTa; G. C. Hay and Co, 








Advertisements cannot be received for insertion in the current 
week later than 5 P.M. on y. The charge for advertise- 
ments is three shil for the first four lines or under, and eight- 

nce for each additional line. The line averages eight words. 
Payment must accompany all orders for single advertiscments, 
otherwise their insertion cannot be guaranteed. Terms for 
displayed advertisements on the wrapper and on the inside pages 
may be obtained on application. 

The price of ENGINEERING to annual subscribers in the 
United Kingdom receiving copies by post is1/. 9s, 2d. per annum, 
this including two double numbers. If credit be taken, the 
charge is 2s, 6d. extra, the subscriptions being payable in 


advance. 
FOREIGN SUBSCRIPTIONS, 
The rates for subscriptions to ENGINEERING from abroad are: 
11. 16s. 8d. For Australia (via Southampton), Austria, Belgium, 
Brazil, Canada, China, (via Southampton), Denmark, 
Egypt (via Brindisi), France, Germany, Greece, India 
(via Southampton), Italy, Netherlands, Natal, New 
Zealand (via Southampton), Norway, Portugal, Russia 
geperetanene sent through all the 7 offices in the 
mpire only), Spain, Sweden, Switzerland, and 
United States of America. 
21. 13s. Od, For Australia (via Brindisi), China (via Brindisi), 
India (via Brindisi), and New Zealand (via Brindisi). 
All accounts are payable to the publisher, Mr. CHARLES GIL- 
BERT, 37, Bedford-street. Cheques crossed “Union Bank,” 
Charing Cross Branch. Post Office Orders to be made payable 
at King-street, Covent Garden, W.O. 
Office for Publication and Advertisements, No, 87, Bedford- 
street, Strand, W.O. 


ENGINEERING is registered for transmission abroad, 


READING OASES.—Reading Oases for gontaleing suenipots 
Numbers of ENGINEERING, may be had of the pub! or of any 
news agent. Price 6s. each, 








NOTICE TO AMERICAN SUBSORIBERS. 
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THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. JAMES DREDGE is 
now at Philadelphia, and that communications ewer 
to the International Centennial Exhibition may be 
addressed to him at the Continental Hotel, at that 


City. 
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THE INSTITUTION or CrviL ENGINEERS.—Tuesday, May 23rd, at 
8 p.m. 1, Discussion on “Economy in Dead Weight of Railway 
Wagon Stock,” -2. ‘The Permanent Way of Railways,” by Mr. R. 
Price Williams, M. Inst, 0,E. 
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RIVETTED JOINTS. 

In concluding our article last week on the 
“* Strength of Boilers,” suggested by the interesting 
paper* read by Mr. Fletcher at the recent meeting 
of the Institution of Mechanical Engineers, we 
stated that it had been our intention to say some- 
thing respecting the proportions of rivetted joints, 
but that the demands upon our space prevented us 
from then doing so. e now, however, propose to 
return to this subject. In all the mn joints 
of the experimental boiler described by Mr. 
Fletcher, fracture had occurred through the plate 
straight along the-line of rivets, a fact which 
pumses distinctly to, although it did not abso- 
utely prove, the conclusion that the joints had not 
been proportioned in the best manner, the plate itself 
between the rivet holes having always proved the 
weakest In order to know ow a the results 
of Mr, Fletcher’s experimentst might have been 
modified (as regards the b pressure of the 
boiler) by better proportioned joints, we propose now 
to examine the stresses which actually must have 
existed in the different parts of the joints, andthe way 
in which these might be equalised. We shall confine 
our remarks altogether to the double-rivetted joints. 


* ENGINEERING, May 5, pages 368 and 370, 
t See Ewaixumntne. | March 24, page 234. 








In the experimental boiler the pitch of the rivets 
was 2.44 in. by measurement (not 2@ in. as in Fig. 4, 
Pr 236 ante) along the seam, and 1} in. zi 2 

he mean diameter of the rivet holes was about 
t# in., the smallest diameter of rivet was intended 
to be 2in,, but appeared by actual measurement of 


the ruptured joints slightly in excess of this, and the | gre 


thickness of plate yin. Considering a portion of 
the joint equal in length to the pitch (2.44in.) it will 
be found that the sectional area of the rivets is 
nominally 0.883 square inch, or if we take them as 
#4in. in diameter (as some of them actually 
measured) 0.956 square inch, while the net area of the 
plate between the rivets along the seam is 0.71 square 
inch, and taken zigzag 0.820 square inches, and the 
bearing surface of the rivets is 0.711 square inches. 
The ring of plates in which the fracture occurred 
had an internal diameter of 7ft., andjthe bursting 
pressure was 310lb. per square inch. Assuming 
then that all the rivets along the joint were bearing 
equally, and that the section of the plate had not 
been diminished anywhere by drifting, riming, &c., 
the shearing stress when the boiler burst must have 
been 35,978 lb. per square inch, the tearing stress 
along the joint 44,7441b. and along the zigzag 
39,681 1b. per square inch, and the intensity of the 
pressure on the rivets 45,785lb. per square inch. 
According to Professor Unwin, who has examined 
this question very thoroughly,* and wasindeed, one 
of the first to point out its importance, this bearing 
pressure may be 50 per cent. greater than the tensile 
stressin the plate in a joint of uniform strength, From 
this point of view then the joint is manifestly dis- 
proportionately weak between the rivet holes, and 
its giving way there was inevitable. 

he whole matter is not, however, quite so easily 
disposed of as this, In designing a joint of uniform 
strength two things have to be kept in mind, first, 
that the ultimate intensities of stress which can be 
borne by its different parts are not equal, and second, 
that in most cases the actual stress in these parts 
will exceed, in some not very determinate ratio, the 
apparent stress. Let us first suppose a case in which 
we may neglect the latter considerations, and take 
the apparent and actual stresses as equal, This 
might occur, for instance, in a machine-rivetted joint 
where the holes had carefully been drilled in place, 
We might here take the resistance of the rivets to 
shearing as 24 tons per square inch and the tenacity 
of the plates as 2] tons, and the limit of pressure on 
the rivets as 31.5 tons. Using then the letters », d, 
and ¢, for pitch, diameter, and thickness (of plate} 
respectively and p', for the diagonal pitch (zigzag) we 
must have the following equalities for a joint of 
uniform strength, in order thatthe ia ie of stress 
into area over which it is distributed may be equal 
at each of the places where the joint could give 
way: 


“2 X24=(p—d) tx 21=2 (p'"—d) tx21=2 d tx81.5, 


which reduced gives us : 
_ 1.79 d*=(p—d) t=2 (p'—d) t=3 dt, 
from which we obtain d, p, and p! in terms of ¢, 
d 


p'=4.17t 
The ultimate strength (apparent and actual) of 


such a joint would be 6.67— 1.67 or 75 per cent. of 


the strength of the solid plate, which (assuming our 
suppositions as to allowable stresses to be correct) 
is the maximum strength attainable in a double- 
rivetted lap joint. 

In the case of a joint made with punched holes, 
however, the apparent and actual stresses may be 
widely different. This does not of itself prove a 
differently proportioned joint to be necessary, it 
indicates no more than that a joint of similar pro- 
portions will be weaker than before. We ma 
examine the matter somewhat more closely. Taking 
first the rivets: In a boiler where the plates have 
been punched separately it is rene unlikely, 
almost impossible, that all the rivets should bear 
equally, that is that the intensity of the shearin, 
stress and bearing pressure should be the same in 
of them. How great the inequality may be it is of 
course impossible to say; it must ry with the 

of care which has been taken in the makin, 
of the boiler, and especially with the accuracy wi 
which the holes have been punched. What allow- 
ance, therefore, should be made on this account must 
be toa great extent a matter of opinion, To show 
the effect of this inequality, however, let us assume 


’ * “Tron Bridges and Roofs.” 








that in a given case the intensity of the shear in 
any rivet will not be greater (with ordinary ma- 
chine rivetting) than it would be if the whole 
shear were uniformly distributed among 80 per cent. 
of the rivets actually employed. We here assume, 


in other words, that the actual stress is 25 per cent. 
ater than the apparent, so that we must reduce 
the latter from 24 tons per square inch to 19.2 tons. 


The (apparent) intensity of pressure on the rivets 
may be similarly reduced from 31.5 tons to 
25.2 tons. 

Very much the same reasons may, and in most 
cases will, cause the real tensile stress in the plates 
to be greater than it apparently is. Holes are too 
often, unfortunately, considerably larger than the 
diameter of the rivet and the actual section of the 
plate yas mg | less than the section shown 
on the drawings. Here again this may or may not 
be the case in any particular instance, but it is so 
probable a contingency that itis certainly wise to 
allow for it. ‘This would be done, we think, quite 
sufficiently if we assume the apparent stress in the 
— to be only 90 per cent. of the actual stress. 

is is sufficient to cover any small diminution of 
the tenacity which may occur in the material left 
between the rivet holes, and also to allow for the 
loss of metal by the slight countersink due to the 
roe We shall then have to substitute 18.9 tons 
or the tenacity of 21 tons formerly assumed, and 
combining these figures with those derived from the 
assumption made in the preceding paragraph, we 
shall get for our equalities 
ax 19.2 =(p -d) tx 18.9=2 (p'—d) tx 18.9=2dtx25.2 


and by reduction 


1.58 d*=(p—d) t =2 (p'—d)t =2.67 dt 
whence 
d=1.69 t 
p=6.2t, and 1=8,.95 t. 


It will be noticed that these proportions differ 
somewhat from the former ones, and that they 
approach more nearly to the popular generalisation 
that the cross section of the rivets should be equal 
to the net area of the plates; and this being the 
case, the conditions assumed may be taken as those 
which, if correct, would tend to justify the common 

cane to wine ys not such conditions ma 
justi assumed in designing a joint we sha 
speak Saeebben 

The apparent strength of such a joint as that of 
which we have just calculated the elements would be 


ss = 72.6 per cent. of the strength of the 
solid plate, a gain of 7.5 per cent. as compared 
with the joints of the experimental boiler, Sup- 
posing the construction of the joint to be defective 
in the way assumed possible, its real strength may 
not exceed 65.3 per cent. of the strength of the 
solid plate ; in that condition it will be a joint of 
uniform strength and the strongest double-rivetted 
lap joint which (subject to the correctness of the 
assumptions made) can be made in the plate. 

For 7, in. plate the above equations are very a 
proximately satisfied with # in. rivets pitched 22 in, 
apart. The diameter of the rivets would here mean 

e smallest diameter of the punched holes in the 
plate. Had these proportions been used in the ex- 

rimental boiler, the stress in the plate along the 

ine of fracture (at a pressure of 810 Ib. per square 
inch) would have been 40,922 lb. per square inch 
instead of 44,744 Ib., and the intensity of shearing 
stress 40,549 lb. instead of 35,978 lb., and the joint 
might probably: have sustained 25 Ib. more pressure 
be Kee Desetia . How far the joint was short of 
the strength of the solid plates we shall know when 
Mr, Fletcher has had these tested. There appears 
no doubt, however, that the joint was well made, 
and the rivets bearing very fairly, In designinga . 
joint, however, to be made with punched holes, we 





¥ | are hardly entitled to assume that this will always be 


the case, but must proportion it rather in anticipation 
that the actual stress will exceed the ap t in 
some such way as we have pointed out, while with 
holes drilled after the plates have been put together 
no such allowance, or at any rate @ very much 
smaller one, would have to be made, 

In the foregoing remarks we have explained the 
assumptions which would tend to justify the common 
practice of making the sectional area of the rivets 
equal to that of the plate between the rivet holes, 
and we must now say a few words as to these as- 
sumptions. On referring to our previous remarks, 
it will be seen that the equality of section and rivets 
and plates is only justifiable if we assume that by 
what we may term the ‘ accidents of workmanship, 








416 


ENGINEERING. 





[May 19, 1876, 





the rivets are subjected to an inequality of stress 
which is much greater than the inequality of stress 
on the plates between the rivet ho ut in our 
opinion this assumption is sof warranted by the 
ordinary conditions of practice, for we can scarcely 
conceive the conditions under which such a state 
of affairs could exist. It must be borne in mind 
that almost every “accident of workmanship,” 
as we have termed it, tends to strengthen the 
rivets at the expense of the plates, Thus drifting 
or rimering the holes to bring them fair, enlarges 
them—and consequently the rivets—at the expense 
of the plate section, while the plates are liable to 
be weshened by cracks produced during punching, 
or by setting plates together and other causes. 
More than this, after the boiler has been completed 
and set to work the plates suffer from corrosion and 
from strains set up by expansion and contraction, 
while the rivets are scarcely effected by these 
sources of injury, and taking all these facts into 
consideration there is, we consider, ample reason 
for giving to the plates between the rivet holes, if 
anything, 8 greater instead of a less proportionate 
section than they you! on the supposition 
that the stresses are equally distributed throughout 
all parts of the joints. On the other hand it must 
be remembered that the adoption of too wide a pitch 
leads to difficulties in making tight work, and it is 
necessary to avoid the adoption of proportions which 
will lead to these difficulties. In our own practice 
we have for boiler plates of good quality adopted 
the ratio of 11 to 9 for the net sectional areas of 
plate and rivet, and for the thicknesses of plates in 
general use we have found no difficulty to be ex- 
ienced from the adoption of the pitches resulting 
tom this ratio. While, however, a ratio such as 
this may serve as a guide in general practice it is 
decidedly desirable that, whenever possible, the 
strength of the plates and rivet iron to be used 
should be ascertained by experiment, and the joints 
then proportioned according to the principles ex- 
plained in the early part of this article. We may 
add that many leading boiler makers in Lancashire 
and elsewhere have of late years adopted consider- 
ably wider pitches for their rivetting than they 
formerly employed, and the Manchester Steam 
Users’ Association has advocated this increase of 
pitch. At the same time—of course with some ex- 
ceptions—the practice of boiler makers generally is 
to employ a closer pitch than is n to secure 
tight work, and certainly closer than that which 
would give the maximum strength of joint. 

Before leaving this subject we may mention that 
we some time ago had an copertany of a 
several boilers which were being broken up, an 
which had been constructed by some leading makers 
from drawings to which we had access, these draw- 
ings including full-sized sections of the joints to be 
used in different parts. On carefully measuring 
the joints as made and comparing them with the 
joints as designed, we found that in no case was the 
rivet section in the actual joint less than 5 per cent, 
in excess of the section as designed, while in many 
joints it averaged 10 per cent, in excess and in 
of some joints over 15 per cent. in excess. This, it 
thust be remembered, was in well-made boilers, We 
have since examined many other boilers both in 
course of construction and in course of demolition, 
and we have frequently found joints with the rivet 
section more than 20 per cent. greater than it was 
nominally intended to be, this increase in section of 
the rivets being of course accompanied by a reduc- 
tion—but proportionately less reduction—of the 
section of the plates. When it is remembered that 
an increase of ;in. in the diameter of a } in. rivet 
will increase the sectional area of that rivet over 
8 per cent. the results here alluded to will be readily 
understood. We have mentioned these facts to 
show what may be ex from what we have 
termed ‘accidents of workmanship’ when punched 
holes are employed, and also to point out what 
may be avoided by the adoption of the practice of 
carefully drilling rivet holes after the plates have 
been put together. 

However the joints of a boiler may be designed, it 
is right that the of the boiler should be 
taken to be that of its weakest joint, and not of the 
whole line along the shell in which that joint occurs. 
No doubt it is advantageous for the shell plates to 
break joint, but it does not seem right to take this 
numerically into account, as is not uncommonly done, 
for it is very uncertain how much sup: the solid 
plates give to the joined one between , and ve’ 
certain tha 


t in many cases this support is but 
In adopting the method of calculation we have just 





advocated, Mr. Fletcher takes what seems to us the 
rational method, and his factor of safety of four no 
doubt represents pretty accurately the ordinary 
working conditions of immense numbers of boilers. 
At the same time we quite agree with Mr. Robert 
Wilson, whose letter on this subject we publish on 
another of the present issue, that such a com- 
tively low factor of safety is one which should 
used with caution and judgment, and that it is 
one which should only be considered to be applic- 
able to boilers which are under regular inspection. 
But we maintain, and have always maintained, that 
all boilers should be subjected to competent 
periodical inspection, and we cannot but consider 
that such inspection is a far better mode of securing 
freedom from explosions than the adoption of a high 
factor of safety for new boilers and then leaving 
these boilers to take care of themselves. 

In conclusion we may add that since the fore- 
going article was written a most interesting experi- 
ment which bears strongly on the subject under 
discussion has been carried out at the works of 
Messrs. John Elder and Co., of Glasgow. This 
experiment, which was carried out on Tuesday last, 
consisted in the bursting by hydraulic pressure of 
a cylindrical marine boiler 12 ft. 5 in. long and 
11 ft. 6 in. in diameter, this boiler being made of 

in. plates with double-rivetted lap joints. 

e rivets were ] in. in diameter and placed 
at 2g in. pitch, so that the plate between the 
rivets amounted to slightly less than 60 per cent. 
of the solid plate. The shell burst at a pres- 
sure of 230 per square inch, the rupture 
commencing at a longitudinal seam, and extend- 
ing nearly the whole length of the boiler. At 
present we merely record these facts, but we 
propose to comment on them on a future occasion, 





H.M.S. “ TEMERAIRE.” 

On page 420 we give sketches of the fighting 
arrangements of the Téméraire, the latest addition 
to the ironclad fleet of this country. She resembles, 

erhaps more than any other vessel, the t cruis- 
ing ironclad Alexandra, described at page 301 of 
our nineteenth volume, but she is somewhat smaller, 
and she carries her upper-deck armament in two 
a open-topped turrets instead of in a central 


At each end of the upper deck is a pear-shaped 
tower or battery, standing about 6ft. above the 
deck, and measuring about 33 ft. on its longest axis 
by 21 ft. 6in. across, This contains a turntable, 
on which is mounted a 25-ton gun worked by hy- 
draulic machinery on Mr. Rendel’s disappearing 
principle, that is, the gun is raised to be fired over 
the edge of the tower, and immediately after firing 
sinks under cover to be reloaded. As the sides of 
the vessel from the level of the upper to that of the 
main deck are, of course, not armoured at the ex- 
tremities, connexion is maintained between the 
tower and the lower of the ship by an armoured 
trunk or tube, so placed that, on the gun being 
revolved after firing into a fore and aft line, with 
its muzzle towards the middle of the ship, the muzzle 
comes just over the opening, ready for the fresh 
charge from below. In several imperfect accounts 
of this vessel which have appeared in the daily press, 
these upper deck batteries have been spoken of 
simply as ‘‘ barbette” batteries, and their adoption 
has been described as the triumph of the principle 
on which the French have long mounted upper-deck 
guns in their ironclads, Nothing could be less 
accurate, for in the usual sense of the words these 
are not barbette guns at all. They certainly are 
Jired en barbetie, just as guns in Moncrieff gun-pits 
are, but they are not ex darbetie at any other time, 
which is an important distinction. y and their 
i not a: toa a of = oe which 
attend guns mounted permanently above the parapet 
of the battery—which risks are serious enough, in 
our opinion, to justify the Admiralty in having 
hitherto refused to have anything to do with the 
barbette principle. The upper-deck guns of the 
Téméraire have much more in common with the 
Moncrieff system of mounting, or even with guns in 
ordinary turrets, than with the old and objectionable 

rinciple of barbette firing. Yet a writer in the 
aily News managed to fill nearly a column with an 
account of the reasons which led our Admiralty to 
adopt the French system, amongst which the most 
noteworthy are that in the turret system the enemy 
cannot be clearly seen, and all-round fire cannot be 





obtained (!). In matter this article, by 
the way, was equally and the redundancy of 





bow = rope re i statement that one of the 
upper-deck guns (with its weight wrongly given 
would be on the stem and the he on the lor, we 
only in keeping with much other valuable infor- 
mation. ae the printer had a hand in this 
particular muddle, but if so he only showed a sense 
of what was due to his author when he thus mixed 
up the stem of the ship with the stern, Possibly it 
was the schoolmaster’s fault that the “other guns” 
were stated to “consist of two batteries adjusted 
for broadside use, three on each side,” an arrange- 
ment of batteries which must be equally surprising 
to the arithmetician and the naval architect, 

The foremost turret is protected with 10-in, 
armour ; the after one with 8-in. The guns have a 
clear sweep round the respective ends of the ship, 
to some distance abaft or before the beam, as the 
case may be. Not to obstruct the fire, the bulwarks 
are kept low, about 4ft. above the deck, an arrange- 
ment y to be avoided, but likely to be objected 
to by sailors. The enormously high bulwarks of 
ordinary men-of-war are liked by the men for the 
great protection they give inst wind and wet ; 
and their absence from the Monarch—whose bul- 
warks, we believe, are a little lower than the 
Téméraire’s, and perhaps less commodious through 
being hinged—has often been made a ground of 
complaint against that ship. On the other hand, 
the Téméraire gains an upper deck with no break 
in it except the poop and forecastle (and the fixed 
turrets, which are — enclosed in them), All 
recent cruising ironc ave had an upper nm 5 
forming an inconvenient break in the upper deck, 
and interfering more or less seriously with the work- 
ing of ropes; this is got rid of in the Téméraire. The 
Alexandra’s upper-deck battery is of this kind, and it 
may be perhaps useful to describe it, for comparison 
with the upper-deck armament of the smaller ship. 
It contains two 25-ton guns forward and two 18-ton 
guns aft, all firing from corner ports, and with an 
arc of training extending from a little abaft or before 
the beam, as the case may be, to a little across the 
fore and aft line. From the upper deck the Alex- 
andra can therefore fire—right ahead, two 25-ton 
guns, converging at a certain distance ; right astern, 
two 18-ton guns; right abeam, one of each kind ; 
and in every other direction, one gun, either of 25 
or 18 tons, The Téméraire, from the upper deck, 
fires right ahead one 25-ton gun; right astern 
the same ; and, through a large arc on the beam, 
two. 

On the main deck, protecting also the funnel, is 
the Téméraire’s double or divided battery, shown in 
plan in Fig. 2, and resembling, except in being 
shorter, the main-deck battery ofthe Alexandra, The 
foremost part contains two 25-ton guns (the corre- 
sponding guns in the Alexandra are of 18-tons only), 
whose arc of training extends from slightly ab 
the beam on each side to slightly across the fore 
and aft line, so as to secure a converging fire at some 
distance ahead of the vessel, as already described in 
the case of the Alexandra. These guns of course 
fire from corner ports, and the sides of the ship 
above the main deck, or of the belt forward, are 
set back several feet; this is shown in Fig. 2. The 
after part of the battery contains four 18-ton guns 
oe six in the Alexandra) for broadside fire 
only, 

On the en the Téméraire — three a 
guns right , against two 25-ton and two 
oe in the Alexandra; on either bow, two 
25-ton against one 25-ton and one 18-ton; right 
aft, one 25-ton against two 18-ton; on either 
quarter, one 25-ton against one 18-ton; on either 
beam (if engaged on one side at a time), two 25-ton 
and two 18-ton (with a third 25-ton available 
through only the usual arc), against three 
18-ton guns, with two of the same weight, and one 
of 25 tons, each available with the limitation just 
described. Notwithstanding the disparity in the 
total number of guns, there seems to us not a great 
deal to choose between these armaments, if the 
superior accuracy and freedom of range which it is 
fair to allow to the upper-deck guns on turntables 
be taken into account. Indeed, we have little doubt 
that naval officers will ee prefer the armament 
of the smaller ship. Even if it be allowed that the 
Alexandra might, at the cost of very little extra size, - 

25-ton guns on the main deck in the same way 
as the Téméraire, the comparison will not be un- 
favourable to the latter, especially when it is re- 
membered that her guns, on the whole, are better 
protected than those - the wr oot an 
though at times exposed altogether, armour, 
and the waiform thickness protecting all the others 
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is 8in. We believe the armour on parts of the 
batteries of the Alexandra is but 6 in, thick, and in 

less. The transverse bulkhead dividing the 
main-deck battery (the chief objects of which are 
to localise the effects of an explosion in either, and 
to prevent the broadside guns being raked by shots 
entering through the corner ports forward) has 5 in. 
armour. The yuus of the Téméraire are better de- 
fended than those of any other broadside ship we 

, and this fact, coupled with a water-line de- 
Gese nearly equal to that of the Alexandra, an 
armament which many will prefer to hers, and a 
much less size and cost, should give her the cha- 
racter of being our most successful masted ship. 
She is at least immeasurably superior to every- 
thing, however large, which preceded the Alex- 

dra. 


an 

The Téméraire has not coal-tank ends, having 
been designed, like the Alexandra, in the transition 
time when the present proportion of beam to length 
in cruising ships was hardly accepted. We presume 
she will be the last ironclad from which the great 
advantages of the new system are withheld; the 
Nelson and Northampton cruising ships now 
building (and of which we hope to give some account 
shortly), though smaller, have coal-tanks at both 
ends, and the Shannon, an earlier and still smaller 
vessel of similar type, has a coal-tank forward, 
Like all belt ships, the Téméraire has weak places in 
her water-line, but amidships, over the most vital 

, She has 11.in, armour (against 12in. in the 
Alexandra) reduced very slightly above and below. 
At the bow, to guard against exposure to raking 
fire in pitching, the armour is carried down over the 
point of the ram, and similar protection is gained for 
the magazines, &c., against raking fire from aft, by 
an armoured bulkhead across the hold (shown in 
the sketches). This is plated with 5-in. armour. 
The deck at the level of the top of the belt, outside the 
main-deck battery, is 1} in. thick, The hull, which 
has the usual double bottom, and is divided into very 
numerous water-tight compartments, is built on the 
well-known bracket-frame system, and it is sheathed 
externally with wood and copper. As in other 
recent twin-screw ships, the engine and boiler rooms 
are divided into two longitudinally by a bulkhead, 
to limit the entry of water, and its ill consequences 
to the engines, in case of injury from rams or 
torpedoes. The weight of the armour and backing 
is about 2300 tons, or nearly the same as in the 
Alexandra ; the bunkers contain 600 tons of coal; 
and the guns, ordnance stores, engines, boilers, and 
all other equipment weigh about 2200 tons. ‘These 
weights, amounting in all to 5100 tons, are carried 
by a hull weighing 3300 tons only. The spread of 
canvas is considerable, but it is carried brig-fashion 
on two masts only, to avoid obstructing the end-on 
fire of the upper-deck guns. The loss involved in 
giving up the mizen mast is not great—indeed we 
believe that in some large ironclads the weather 
helm, when sailing by the wind, is so great that it 
has been found impossible to carry any sail on the 
mizen, 

In an account of the Téméraire already referred 
to it was stated that her so-called barbette guns are 
to be protected from rifle fire by thin iron screens. 
We believe this is erroneous, and that there is no 
present intention of applying such fittings, inasmuch 
as the guns are only exposed for a very short time, 
while the crew can, if necessary, be kept under 
cover altogether by the use of reflecting sights. It 
appears to us, however, that a screen in the nature 
of a more or less complete turret of sheet iron (with 
or without a top) revolving with the turntable, 
might be of great value under some circumstances ; 
without some such protection the guns might be 
temporarily disabled by rifle or Gatling fire from 
the tops of an enemy at close quarters. ‘Che weight 
of the screen need not be great, and it need not 
interfere with a clear view of the enemy. 

_ Our objections to the continued use of the broad- 
side principle in cruising ships—which were very 
strong when the choice lay only between the Mon- 
arch and the Hercules or Sultan—were in large part 
removed by the satisfactory all-round, or rather 
end-on, fire obtained in the Alexandra, In the 
Téméraire a step further is gained. To the un- 
doubted advantages of the broadside ship are added 
some of those of the turret ship, probab y as man 
as can be applied with profit in a crui vesse 
The Téméraire is a far more powerful ship than the 
Monarch, and it is hardly conceivable that on her 
displacement a rigged turret ship, having all-round 
fire over the forecastle (a point in which both the 

and Captain failed), could be designed of 








ual defensive or even offensive power. On the 
old ground that she is not a turret ship, we have, 
therefore, no objection to offer to her, and for the 
first time we are able to say of a broadside vessel not 
only that she is good of her kind, but that we do 
not see that any other kind is to be preferred. As re- 
gards her fighting arrangements we believe her to be 
the best specimen of a masted ironclad afloat, reflect- 
ing great credit upon the Constructive Department 
at the Admiralty, and at Chatham Dockyard, where 
she was built. ‘The week in which she was launched, 
whether designedly or not, was well chosen for the 
announcement that Mr. Barnaby, the Director of 
Naval Construction, had been honoured with the 
Companionship of the Bath—an announcement it 
gives us much pleasure to repeat. 

But though the Téméraire, as a first-class masted 
ironclad, seems to us the best ship of her size afloat, 
we need hardly say that we are not less opposed 
than we have always been to the construction of any 
masted ships of this size. Much smaller vessels of 
the Inflexible or Devastation type could easil 
destroy her, and though they could not perform all 
the services which she can perform, those special 
services can, in our view, be carried out by much 
smaller and cheaper vessels. The condemnation 
car by the Committee on Designs upon the 

ercules and Monarch types—that they ‘‘represent, 
both in men and money, a larger portion of the 
British Navy than it is desirable permanently to 
shut up in a fighting machine so imperfect”—remains 
in our opinion unanswerable, and unaffected by the 
fact that in the Téméraire we get more for our 
money than we had in the Monarch. We get at 
least as much more in the Ajax tian we got in the 
Devastation. Whether the new Committee on 
Designs which Mr, Hunt—rather needlessly, we 
think—promised to Mr. Brassey last week, will hold 
the same view, remains to be seen. We trust it may, 
but the question is too broad, and has been argued 
too often in these columns, to either need or be 
capable of adequate discussion on the present oc- 
casion, 

The Téméraire is fitted, as every ironclad should 
be, for discharging Whitehead torpedoes beneath 

















— Téméraire. | Alexandra. 
Length between perpendiculars| 285 ft. 325 ft.* 
Breadth, extreme Sa on 62 ,,; 63 ft. 8 in. 
Draught, aft f bse 27 .,; 26 ft. 6 in. 
oe forward eco | 26 ft. 6 in. 26 ft. 
Displacement _... tie ...| 8412 tons 9492 tons 
Indicated horse pwr. (intended) 1000 8000 
Speed (intended) se «| 14 knots 14 knots 
Armour : 
Maximum thickness on belt 11 in. 12 in. 
Thickness on batteries ...| 10in.—8 in. | 8 in.—6 in. 
Guns—of 25 tons eS 4 2 
of 18 tons ab 4 10 
Weight of broadsidet ... 2600 Ib. 2600 Ib 
pe bow fire... 1800 ,, 2000 ,, 
oa stern fire ‘ 800 ,, 
Cost ose oon 374,0001. 521,0001. 
the water. Some of her leading dimensions, &c., are 


recapitulated above, with like information added for 
the Alexandra, for the sake of comparison. 








THE PATENT BILL. 

We last week referred to a number of petitions 
that had been presented to the House of Commons 
on the subject of the Lord Chancellor’s Patents for 
Inventions Bill, 1876. We are glad to find that 
there is no abatement of opposition to the Bill. The 
Institution of Mechanical Engineers, which held a 
special meeting last year under the presidency of 
Mr. Bramwell, to protest against the Bill of 1875, 
has this week taken a similar course with respect 
to the altered Bill now before Parliament. The 
meeting was held on Tuesday, and was presided 
over by Mr. Ravenhill; Sir Henry Cole and Mr. 
Mundella, M.P., being among the visitors. The 
meeting unanimously resolved that a petition be 
forthwith presented to the House of Commons on 
behalf of the Institution to the effect that many 
of the provisions in the Bill are contrary to public 
policy, and an interference with the admitted rights 
of inventors and others connected with property in 
inventions’; that it would be worse in its operation 
than the Act of 1852, because, inter alia, it would 
give the Lord Chancellor unlimited power to stop 


* Misprinted as 225 ft. in our description of the Alexandra 
te ah tos  ihatind “« 600-pounders;”” 18-ton as 
«doo - , 








patents, also in a large measure to control the 
terms of using them; would not appoint paid 
commissioners ; would abolish provisi 
tions, and would appoint irresponsible examiners, who 
would have the power of reporting a applica- 
tions for patents, on grounds of which they frequently 
could not judge. Furthermore, that the prelimi- 
nary examination should not extend beyond the 
uestions of clearness of specifications and novelty ; 
t+ an adverse report should not disentitle an 
p gioncea to a patent; that in lien of publication 
of reports, which would in many instances operate 
unjustly, the applicant should merely be required 
to insert in his specification a clear and definite 
reference to, and an acknowledgment of the exist- 
ence of, the prior matter found and pointed out 
by the Patent Office officials, with a clear state- 
ment of what he claims notwithstanding; and, 
lastly, that no legislation on the basis of the Bill 
now before Parliament should take place without 
special reference to a Select Committee. 

The last-mentioned proposition is a very judicious 
one, and, if well supported from other quarters, will, 
we should hope, be acted upon, Considering the 
large majority the Government commands, it would 
be idle to attempt to throw the Bill out altogether. 
On the other hand, it is to be hoped that if reason- 
able activity be displayed by the hundreds of 
thousands of electors who have important interests 
more or less directly at stake, the Government will 
not turn a deaf ear to the representations that may 
bas ga mane . 

tis no exaggeration to say that the passage o' 
the Bill in its present form would be a great national 
calamity. And we have yet to learn where the de- 
sire is felt for such a measure—except, maybe, in 
the minds of one or two irrational people who never 
invented anything and wish to evade the paying of 
those who have, and in the minds of some eminent 
lawyers who having as judges had intricate patent 
cases to adjudicate upon, have experienced much 
difficulty in dealing with them from want of the re- 
quisite technical knowledge, and who know nothing 
of the vast benefits resulting to the nation from 
healthy trade under patents. 

Referring to the proposal that the reports should 
be annexed to and should always go with the speci- 
fication, we, last week, remarked that there was 
something to be said on the other side. It will be 
observed that the Mechanical Engineers are opposed 
to such sige eg and we happen to know also 
that within the last few days petitions have been 
resolved upon by two other important bodies in 
which such publication of reports is condemned, 
We allude to the Manchester Association of Em- 
ployers, Foremen, and Draughtsmen Engineers, and 
the London Association of Foremen Engineers, 
Moreover it will be remembered that the very in- 
fluential Patent Law Committee of 1875, of which 
Dr. C. W. Siemens was president, opposed the 
publication of examiners’ reports. 

Indeed it will need very little reflection to con- 
vince most practical people of the evils to which 
publication of such reports would give rise, ‘l'o 
begin with, the reports are, presumably, intended 
to guide those who may have occasion to refer to 
them, as to the validity of the patent, and as to the 
utility (as the Bill now stands) of the invention. 
Unless the reports could be thoroughly relied upon, 
they would be worse than useless. Now even as- 
suming for the sake of argument that a sufficient 
staff of examiners existed, aud that every examiner 
was a competent and conscientious man, without 
crotchets on scientific or technical subjects, and that 
every facility existed for carefully considering every 
application submitted—and, be it remembered, in 
assuming all this, we are conceding very far more 
than could possibly be hoped for—would the judg- 
ment of the examiners in all cases be sound, 
even on the question of novelty alone? We all 
know that ‘doctors differ.” ‘Two men of equal 
scientific attainments frequently differ on a given 
point. Surely we could never hope to find csnidners 
so perfect and profound as to be beyond this rule! 
The history of inventions affords endless proof of 
the erroneous first impressions formed as to some of 
the most valuable inventions by those who might 
have been expected to thoroug y appreciate their 
value. Hence it follows that fallacious reports 
would, in some cases, undoubtedly go forth. It has 
been said that this evil would soon correct itself. 
But in what way, we ask? Either the are 
to be treated as reliable, or they are not. In the 
former case, erroneous opinions of examiners, coming 





from recognised authorities, would unquestionably 
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result in grievous in dnez te the interests of inventors, 
who already have difficulties enough to contend 
against. And this would be the more likely 
since the only angen! lies to the Lord Chancellor, 
who would not be competent to correct the mis- 
takes of an examiner—to say nothing of the expense 
of such an appeal—or, indeed, of an appeal to a 
more competent source, supposing it to be provided 
for. In the alternative case, that is, if the reports 
are not to be treated as reliable, their publication 
would be useless. 

Many capitalists are to be found who will provide 
money to carry out patents for inventions they 
think likely to pay, although they themselves are 
not qualified by scientific or technical knowledge to 
form a correct judgment as to the practical merits or 
extent of novelty of the inventions they are asked to 
deal with. What would in all probability be the effect 
upon such a one of an unfavourable report from the 
examiner? Is it at all likely the capitalist could be 


great results; and we cannot but feel that we are, 
after all, living only in an intermediate stage, and 
that the progress during the next century will be as 
great if not greater than the last. 

In no department of science has this progress been 
more conspicuous, or have greater results been ob- 
tained than in that which embraces electricity and 
magnetism, And this very rapid development from 
the invention of the voltaic battery but little more 
than half a century ago, to the proud position which 
telegraphy holds in the economy of the world at 
the present time, gives to the section devoted to 
this branch of science an especial interest, and it 
will probably prove for this reason the most 
popular. 

The most striking object on entering Gallery F. 
is a gigantic natural magnet or loadstone (1106), 
contributed by the Teyler Foundation, Haarlem, 
weighing, with its armature, no less than 3 cwt., 
and capable of supporting a weight of 2}cwt. This 
is believed to be the largest natural magnet known, 





induced to embark his capital in an undertaking ia 
the face of an adverse report from an official sup- 
posed to be especially qualified to give a sound 
opinion? We decidedly think not. We maintain 
that having ascertaived as far as possible the precise 
difference between his own invention and what has 

one before—and having clearly explained that dif- 
erence in his specification—thus reducing bis claim 
to something definite, the patentee should be left 
absolutely untrammelled. If his invent'on be useless, 
he alone will suffer. If it be of any value, he cannot 
well benefit without benefiting others. When the 
precise extent of the invention is known, those who 
want opinions about it can readily select competent 
advisers, without its being necessary to ram advice 
down their throats unsolicited. 

We have received a paper of suggestions for 
amendment of the Lord Chancellor's Biil, proposed 
by a Committee of London Patent Agents, and to 
this we shall refer more fully on a future occasion. 


THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 
MAGNETISM AND ELECTRICITY. 

In our last issue we gave a general view of the 
Exhibition as it would present itself to the mind of 
one taking a preliminary stroll through the galleries 
for the purpose of learning their geography, and of 
making himself acquainted with the general dis- 
tribution of their contents. The mental enjoyment 
derived from such a visit may be poms to that 
which every lover of science experiences when 
having brought home a masterly work upon a 
favourite subject he glances for the first time 
through the table of contents, and finds that he has 
much enjoyment before him in the reading of the 
book itself. 

When we remind our readers that this magniti- 
cent collection occupies the whole of the space which 
in the International Exhibition was allotted to the 
machinery in motion, the picture galleries, and the 
refreshment rooms, and that the completed cata- 
logue will contain close upon five thousand entries, 
some idea may be formed of the vastness and im- 
portance of the Exhibition, and of the labour and 
enterprise which have got it together. 

In our notices of this collection we shall not con- 
fine ourselves to the order, or even to the general 
classification adopted in the catalogue, which though 
containing much valuable information, isin its present 
unrevised form anything but a classified index of the 
contents of the Exhibition. We sball rather treat 
the Exhibition as demonstrating and recording the 
steady march of scientific research, and the develop- 
ment, from sma!'l andin themselves unimportant ex- 

eriments, of some of the grandest discoveries and 
inventions which the human intellect has contributed 
to the knowledge of the world. 

In the galleries at South Kensiogton will be found 
the original primitive apparatus by which the early 
pioneers of science conducted their investigations, in 
many cases ‘‘ home made,” and very rough, but yet 
containing the first indication of great scientific 
truths, and the germs of discoveries and inventions 
that have revolutionised the world. By their side 
are placed the instruments of the present day, em- 
bodiments of all the discoveries that have led up to 
them, and carried out with a perfection of workman- 
ship that is an especial characteristic of the present 
epoch of scientific investigation. Between these two 
extremes will be found the intermediate links of 
We are enabled to 


this great chain of progress. 


trace step by step the development from such simple 
apparatus, by a process of natural selection, to in- 


from permanent magnetism. 
thereby not only rendered more powerful, but are | pound magnets arranged in pairs in the form of the 
considerably reduced in weight. ‘There are besides| letter X around the axis, and from which eight 
exhibited specimens of the other forms of perma-| bobbins mounted as in the large machine derive 
nent magnets, both simple and compound, the latter | their current. There are also several of the smaller 
being well represented by a fine battery of steel; Gramme’s machines with Jamin magnets for ex- 
magnets upon Logemann’s principle, contributed! perimental and other purposes. 


by Professor Guthrie. 


chine is excellent, having great stability, and pos 


measuring 13 in. square by 10 in. deep. Close to it 
is a very large permanent compound magnet, con- 
structed upon M. Jamin's principle, by Breguét of 
Paris, which principle consists of building up a 
bundle of thin steel laming or ribbons, each highly 
tempered and magnetised separately, and insulated 
from one another by paper or varnish ; these are 
bent round into the form of an elliptic horse-shoe, 
the ends of the springs being attached to solid 
terminals of soft iron which form the poles of the 
magnet. This is the most powerful form of perma- 
nent magnet known, being capable of sustaining 
many times its own weight suspended from its arma- 
ture. ‘The magnetisation of each lamina is produced 


which was exhibited in London three years ago 
a full description of which, as well as of the 
arrangements by which it was employed to pro- 
duce the signal light on the Clock Tower of the 
Houses of Parliament, appeared in this journal at 
the time.* 

Next to it is a large machine, a modification of 
Holmes’s principle, contributed by the Société 
Alliance, Paris, also constructed for lighthouse 
purposes. It consists of a framework of cast iron 
to which are attached radially and symmetrically 
eight rows of compound permanent horse-shoe mag- 
nets, five on each row, and each capable of sustain- 
ing over a hundred pounds. These are so arranged 
on the framework that opposite poles succeed each 
other, both in each horizontal row, ard in each cir- 
eular set, in other words, they are arranged with 
alternate poles, There being five magnets on each 
row, there are, of course, four spaces between them, 
and in these spaces revolve four bronze wheels, each 
carrying sixteen bobbins, corresponding to the num. 
ber of poles in each circular set of magnets; there 
are, therefore, 64 bobbins resting between the poles 
of 40 compound magnets. The core of each bobbin 
consists of a tube of soft iron slit longitudinally, 
which form enables the magnetisation and demag- 
netisatioa to be effected with less resistance, conse- 
quently with less development of heat, and, there- 
fore, with a smaller expenditure of power. The wires 
in all the bobbins are wound in the same direc- 
tion, and the bobbios can be connected together in 
series or in sets of parallel circuits accordivg to the 
sort of current required. From the above description 
it is clear that at each revolution of the machine, each 
core has its magnetisation reversed sixteen times, 





by drawing over it from end to end a flat bobbin 
which fits it loosely, around which is coiled a great 
length of insulated copper wire, forming part of the 
circuit of a Bunsen battery of from 10 to 20 cells. 
A portion of the electric magnetism thus induced 
while the bobbin is drawn along the ribbon is re- 
tained as a permanent charge at each stroke, and 


after a few strokes is magnetised to the point of /keeps them both tapered to a point. 


‘* saturation.” Here, then, may be seen the earliest | 
kiad of permanent magnet on record, and by its | 
side the latest and most powerful form of artiticial 
magnet at which the present state of science has 
arrived, 
The magnet of M. Jamin has entirely superseded 
all others in the construction of those Gramme’s | 
machines which derive their current by induction | 

The machines are | 


One of the most interesting objects in the collec- | 


tion is the original Siberian loadstone (1232) and ® : imilar ; : a 
apparatus by which Faraday in the year 1831 first | at St. Etienne for the discussion of industrial questions. 
obtained the magneto-electric spark, and made that 
great discovery which is so often coupled with the/ A very successful trial took place on Wednesday of a steam 
discovery of the i 

splendid 
magnet is a curiosity in itself, with its quaint brass 
mountings, and still quainter paintings with which 
it is adorned of figures working in the ground, and 
two angels, we will suppose the spirits of magnetism 
and electricity, blowing their trumpets. 
ture is a cylindrical bar, around the middle of which 
is wound a considerable length of insulated copper 
wire, leaving the ends of the bar exposed to be in 
contact with the polar extremities of the loadstone. 
One end of this wire terminates in a little flat 
disc of copper, and the other in a sharp point, 
which is made to press upon the disc by the 
elasticity of the wire acting as a spring. 
suddenly jerking the bar away from the magnet, an 
electric current was developed in the coil around 


were Neptuve as an instance of a 


triumph of inductive reasoning. ‘The 


The arma- 


Upon 


t, and was rendered apparent by a tiny spark 


between the point and the disc, which were jerked 
asunder by the sudden motion communicated to 
the bar. 


This was the first electric spark induced from 


magnetism, and it is interesting to turn from it to 
the fine Gramme machine, driven by steam power, 
for lighthouse illumination, contributed by M. 
Fontaine, of Paris, and producing a light so intense, 
that a brilliant image of the coal points in the electric 
lamp can be projected by a lens upon a screen some 
distance off in open sunlight. This design of this ma- 





being magnetised eight times in one direction, and 
eight times in the opposite ; the 64 bobbins produce, 
therefore, no less than 1024 alternating currents 
for each revolution of the axis. This alternating 
current is rather an advantage for the electric light 
than otherwise, because it causes the two carbon 
poists to consume at an equal rate, and, moreover, 
When the 
electric light is produced by a continous current, 
such as that from a Gramme’s machine or from a 
voltaic battery, the positive carbon shortens at 
twice the rate of the negative, its point becomes 
first flattened, and then cup-shaped, and the edges 
of this depression have a tendency to cast a shadow, 
and a portion of the light is lost. 

The Société l’Alliance contribute also a smaller 
machine, actuated by a treadle having eight com- 








A Coat Conaress.—A French Coal Congress is to be held 
t Douai, June 5. A similar gathering was held last year 





TRIAL oF SteAM TRAM ENGINES IN YORKSHIRE.— 


tram car engine (detached), manufactured Messrs. 
Merryweather and Sons, of London, on the line of the Dews- 
bury and Birstal Tramway Company, in the presence of the 
directors of the Dewsbury, Liverpool, Edinburgh, ’ 
Neath, and other tramway companies. The engine was run- 
ning all day, and gave every satisfaction, not occasioning 
the slightest inconvenience or annoyance to the other traffic. 
These engines, we may mention, have for some time -been 
running on one of the Paris lines, conducting the ordinary 
tramway traffic most satisfactorily. We s give further 
particulars on the subject in an early issue. 


Her Masesty’s Sure Seraris.—The itin of this 
ship—which will be paid off in a few days—is well worth 
recording. She has kept her time as if she were a chrono- 
meter from the inning to the end of her cruise, and 
been a most agreeable surprise to those who remember the 
accounts of her early performance. Here are her runs: 
From Portsmouth to Malta, calling in (as an incident) on 
her way to Plymouth, 2245 miles; Malta to Brindisi, 373 
miles ; Brindisi to Athens, 471 miles ; Athens to Port Said, 
594 miles; Canal, 88 miles; Suez to Aden, 1307 
Aden to Bombay, 1649 miles ; Bombay to Goa, 228 ; 
Goa to re, 305 miles ; Beypore to Colombo, 394 miles ; 
Colombo to Tuticorin, 126 miles ; Tuticorin to Trincomalee, 
498 miles ; Trincomalee to Madras, 290 miles; Madras to 
Calcutta, 744 miles; Calcutta to Bombay, 2128 miles; 
Bombay to Aden, 1647 miles ; Aden to Suez, 1304 miles ; 
Canal, 88 miles; Port Said to ia, 148 miles; 
Alexandria to Malta, 863 miles ; Malta to Gibraltar, 984 
miles ; Gibraltar to Lisbon, 249 miles ; Lisbon to Ports- 
mouth, 850 miles. Grand total 17,452 miles. She travelled 
18,000 knots through the water in 1780 hours, burnt in 
doing so 5415 tons of coal, and made 4,698,743 revolutions 
of her screw, her speed ing according to circumstances. 





miles ; 
miles ; 


varying 














struments of such exquisite precision leading to such 





sessing seyeral improvements upon the machine 


* See ENGINEERING, yol, xv., page 291. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
much larger attendance on ’Change at Middlesbrough than 
there has been for many weeks past. Business, however, 
was wretchedly bad, and prices wet's even lowet than they 
were on the previous’ market day. Many of the pig makers 
continued to quote 46s. 6d. per ton as the price of No. 3, 
but that —_ could easily be bought for less than that 
figure. With stocks still increasing and the demand falling 
off it is difficult to say what is to be the end of this long- 
continued depréssion in the iron trade. It is feared by the 
workmen that some steps will soon be taken to reduce 
wages. 

The Finished Iron Trade.—There is no improvement in 
the finished iron trade. Prices are lower, but the reduction 
in the quotations for all kinds of finished iron does not 
induce business. Even with rails at 6/. per ton orders cannot 
be obtained. A large number of men are now out of employ- 
ment in the North of England. Capitalists do not hesitate 
to assert that the present depression is due to the adoption 
of the nine hours’ movement, which was first successfully 
a for by the engineers ut Sunderland and Newcastle, 
and afterwards granted throughout the country. Many 
employers of labour declare there will be no improvement 
in trade until wages are considerably reduced, and the nine 
hours’ system is abolished in favour of the old method of 
working longer hours and less piecework. Certainly com- 
petition is very keen, but we have not yet seen any attempt 
to prove that the disastrous condition of nearly all trades at 
epee is due to the adoption of the nine hours’ system by 
he engineers a few years ago. 


The North of England Board of Arbitration and Strikes. 
—It cannot be denied that since the formation of the Board 
of Arbitration for the settlement of disputes in the finished 
iron trade of the North of England, a better feeling has 
existed between masters and men. Many disputes have 
been amicably arranged without the stoppage of work and 
consequent loss to both employers and employed. But 
while this has been the rule there have been some excep- 
tions which, but for the forbearance of the masters, must 
have resulted in the system of arbitration being abandoned. 
There is now a dispute at the Moor Iron Works, Stockton- 
on-Tees. The millmen refused to work unless they ob- 
tained an advance of wages equal to about 25 per cent. A 
meeting of the Board of Arbitration was held, and the 
operative members, after hearing the case, readily agreed 
to co-operate with the masters in order to procure men to 
execute the order, which can be done ina week at the 
Moor Iron Works. The Board of Arbitration have pub- 
lished the names of the mill furnacemen who declined to 
work. The loyalty of the body of men to the Board is 
most commendable, and it is very much to be regretted 
that the workmen at the Moor Works should ignore the 
Board of Arbitration, which is undoubtedly the best means 
that has yet been tried for settling disputes of all kinds 
‘onnected with the iron trade. 

Engineering and Shipbuilding. — There is no improve- 
ment in these branches of industry. Reports from various 
quarters are very discouraging. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Great Strike of Miners.—Returns made up on 
Monday, showed that there were then over 32,000 miners 
out on strike in South Yorkshire and Derbyshire. A further 
attempt was made on that day to settle the dispute but it 
fell through, althongh since then the pits of the Staveley 
Company have been reopened to the men at a reduction in 
wages of 12} per cent., and most of the employés have re- 
sumed work at that rate of payment. 


The Coal Traffic by Railway to London.—Owing to the 
miners’ strike just referred to the railway mineral traffic is 
being largely affected, last week’s receipts of the Midland 
alone for goods and minerals having decreased 14,0001. 
During April the Midland carried 97,294 tons to London, 
the London and North-Western 79,096 tons, the Great 
Northern 66,599 tons, and the Great Eastern 45,423 tons. 
‘The Midland fell off 44,500 tons as comparéd with March, 
and the North-Western 10,000 tons, but the Great North- 
ern carried 3000 tons more. When the returns for May 
‘come to be issued the decrease over all these lines will be 
found to be of a still more startling character. 


The New Sewerage Works at Barnsley.—On Thursday 
afternoon last the first sod in connexion with the New 
Sewerage Works for the town of Barnsley, was cut at 
Backend Field, near Barton Grange, by Mr. Carter (the 
mayor), in the presence of the town council, town clerk, 
surveyor and other gentlemen. The sod was cut at the 
north end where the outfall pipes and filter tanks wil! be 
placed when the works shall have been completed. Several 
addresses of a suitable character were delivered. The works 
have had to nea in hand owing to a number of land- 
owners having obtained an injunction against the corpora- 
tion. The contract for the works has been let to Mr. Wil- 
liam Smith of Knottingley for the sum of 89721. 

The Magpie Lead Mining Company.—At the annual 
meeting of the shareholders of this company held at Shef- 
field last week, Ay = stated that since the last meeti 








in lead 
was 7ft. wide all the 
would be some- 


machi 
were sinki 


mining. 
Its total 


way, and 7 ft. 6 in. high. 

thing like 1700 yards. 
Railway Improvements in South Yorkshire—Some time 

ago we stated that a series of very extensive alterations and 


improvements were.about to he made,on. the South York- 


shire section of the line of the Manchester, Sheffield, and 
Linconshire Railway Company. Taking advan‘ of the 
limited traffie consequent upon the miners’ strike, this work 
is now in hand and is being pushed forward by a => ad num- 
ber of mei. At Chapeltoun the litte is being widened to 
the extent of 28 ft. so as to allow of greater siding accom: 
modation, and a smaller extent, thence to Aldam Junction. 
A curve is also about to be constructed from Dovecliff 
Station to Stairfoot, so as to avoid sending the trains 
to and from Barnsley round by Wombwell. 








NOTES FROM THE NORTH. 


GLascow, Wednesday. 
Glasgow Pig Iron Market.—A few lots of pig iron 
changed hands at the extreme close of the last 


Thursday forenoon at 578. 10d. and 57s. 3 per ton cash, 
closing sellers at the latter, buyers at 57s. 9d. There wasa 
quiet market in the afternoon, no business being reported, 
buyers 57s. cash, sellers 57s. 10}d. The warrant market 
was flat on Friday forenoon, and almost without business. 
Only one lot was done at 57s. 74d , closing rather buyers, 
sellers asking 57s. 9d. In the afternoon the market was 
quiet, but at steady pe A comog 57s. 9d., buyers 57s. 6d. 
cash. On Monday, both forenoon and afternoon, the market 
was idle, no business whatever being reported. Sellers at 
the close in the afternoon were asking 57s. 9d., buyers offer- 
ing 57s. 6d. cash. The market was again quite without 
business yesterday forenoon, closing se 57s. 9d., buyers 
57s. 74d. The market was a shade better during the after- 
noon, business being done at 57s. 7}d. one month open, 
closing rather buyers over, sellers 57s. 94. This forenoon 
the market was steady, but almost without business. Onl 
500 tons were reported as having changed hands at 57s. 7d. 
cash, buyers remaining, sellers asking 57s. 9d. The market 
continued steady during the afternoon, and business was 
done at 57s. 9d. one month open, closing buyers over, 
sellers 57s. 10}d. Makers’ prices remain u: red; but 
second-hand parcels can be had on easier terms. Notwith- 
standing the fact of a number of the blast furnaces having 
been damped down, on account of the strike among the 
furnacemen, it seems to have had no effect upon prices. 
The Clyde furnaces which were damped down a fortnight 
ago are now in full blast, as the men have resumed work 
on the employers’ terms. Last week’s shipments of Scotch 
pig iron amounted to 3320 tonsas against 3790 tons in the 
corresponding week of last year, the total decrease for 1876 
now being 35,584 tons. 

The Engineering Trade at Kirkcaldy.—The engineering 
trades of the Kirkcaldy district looks more hopeful than it 
did some time ago. Only two or three weeks ago the work- 
men at Whitebank Engine Works were placed on short 
time, after being greatly reduced in numbers; but the 
workshops are again full of hands and full time is being 
worked. Another engineering establishment (Messrs. 
Dale’s) secured a few days ago the contract for the Rich- 
mond Water Works. The water will be pumped from an 
artesian well, and the pumps, six in number, are to be 
worked by two pair of massive compound beam engines 
afte: a design by Messrs. Dale. 


Recommencement of Works at Anstruther Harbour.— 
Messrs. Morrison, contractors, inburgh, are now re- 
suming operations at the Union Harbour Works, An- 
struther. It is reported that the new grant is 6000/., and 
that the work of the summer will embrace the building up 
of the old harbour mouth by means of a wall of masonry, 
the deepening of the new and old harbours, mainly by 
means of a powerful steam dredger recently employed at the 
new floating dock at Berwick-on-Tweed; and the further 
strengthening of the great eastern breakwater by means of 
boulder-strewn concrete blocks, which in past winters 
have so signally borne out the anticipations of Sir John 
Hawkshaw, who suggested them to the Government. 
These operations have n hailed with lively satisfaction 
in the present dull labour market of the district, but the 
plan is being criticised with marked difference of feeling by 
the seafaring community. 


The Inventor of the Reaping Machine.—It is very pro- 
bable that ‘an effort will soon be made to erect a statue in 
honour of the late Reverend Patrick Bell, of Carmyllie, to 
commemorate his invention of the reaping machine. Some 
persons urge that Mr. Bell was not the inventor of the 
reaping machine, inasmuch as he was not the first person 
to apply machinery to the cutting down of grain; but in 
the same way it might be said that Watt was not the in- 
ventor of the steam engine. Mr. Bell was the first, at 
least in Scotland, who constructed a reaping machine that 
was of service and profit in the harvest field; and on the 
ground that he was the first who made the invention of 
any practical value, it is alleged that he has strong claims 
for being entitled the inventor of the reaping machine. It 
is alle; that the machine in its many m forms 
saves the farmers of Forfarshire (Bell’s own county) every 
harvest not less than 25,0007. If that be the case, what is 
the saving to the rest of Scotland, or how may the profit 
be estimated which the world has received from the obscure 
minister of Carmyllie ? 


New ZEALAND Rariways.—The Timaru and Christ- 
church (New Zealand) Railway has been opened for traffic 
The line is 102 miles long, and is the most important railway 
yet completed in New d. 


SouTHERN or FraNcE Rartway.—The cost of the re- 
irs to this system rendered necessary by the inundations of 
year (440,0001.) is to be charged to capital. The ordi- 
mene pmeneapenpunnenel Coase last year were 37.41 
cent., as compared with 37.92 per cent. in 1874. The 
inundation charges might, perhaps, have been fairly sp 
over a term of years as bei ture of an exc 
character ; but it is difficult to see upon what principle they 











should be charged to capital. 








public interests, 


NOTES FROM THE SOUTH-WEST. 
Milford Haven.—Mr. E. J. Reed, M.P., has visited 
ilford accompani Mr. , O.E., and Mr. 

Owen. The object of the visit was to i the docks 
now in course of construction at Milford. Clarence 
Paget and Mr. J. T. Emmerson, who happened to be in the 
neighbourhood, took the opportunity of accompanying 
the party during their inspection. The cofferdam and the 
efitrances to the docks being nearly completed, it is 
alticipated that the graving dock, as well as the other 
works, will be immediately commenced: Mr. Appleby, the 
contractor, and Messrs. Toler atid Lawton, engineers, were 
complimented upon the manner in which the wotk has been 
executed. We may state that Mr. John Llewellyn Davies, 
who has a contract for docking the Great Eastern steamship, 
has commenced operations. 


_ Improvements at_Swansea.—Major Tulloch, one of thé 
inspectors of the Local Government Board, has held an 
inquiry at Swansea, with reference to an improvement 
scheme mooted by Mr. F. A. Yeo, ex-mayor. t gentle- 
men, Mr. E. Davies, the medical officer of the town, and 
Mr. Couzins, the borough surveyor, gave evidence in favour 
of the scheme. There was no ——— and Ler taken 
a the inspector visited the property aff by the 
scheme. 

The Coal and Iron Trade of South Wales.—The exports 
of coal from the South Wales ports largely increased during 
the past month. The exports for April were, indeed, nearly 
up to the average when e is brisk. The oe of 
coal shipped during the month amounted to 300,583 tons, 
that shipped for April, 1875, having been 127,031 tons. The 

uantity of coal sent coastwise last month was 78,816 tons, 
that for April, 1875, ae em tons. The ng of 
sent from Newport last month was 40,258 tons, that 
for April, 1875, being 14,347 tons. From Swansea 55,810 
tons of coal were sent last month to foreign ports, and for 
April, 1875, 44,980 tons. The whole returns for South 
Wales show a large increase in the amount of business done. 
The price of coal exported to foreign ports has, however, 
fallen below 10s. per ton, a price at which coal has not been 
sold in South Wales for some time. The gente of iron 
shipped from Cardiff last month amounted to 6066 tons, and 
= — from ay oni reached ee sige a consider- 
ably er quantity was expo in the preceding 
month. Both the coal and iron trades seem to have revived, 
but the demand for coal has not increased the price. 


Trade at Ebbw Vale.—The works are being pogbed on 
with regularity throughout the valley, and but few idle 
hands are to be found. All the collieries are in full oper- 
ation ; the output is satisfactory and man; yy a 
revival of trade. There has been a partial s' at Blaina. 

London and South-Western Railway.—The extension of 
this system to Devonport has been opened for traffic. 


Landore Siemens Steel Works.—Notice has been given 
by the Landore Siemens Steel Comeony (Limited) to the 
whole of the workmen and con’ rs employed at their 
steel works, that all existing ments will terminate 
in 14 days from the 9th inst. ‘This step is taken with a 
view of bringing about a considerable reduction in the 

resent rate of wages, which is rendered necessary by the 
lepressed state of the markets. 


The Forest of Dean.—The workmen employed at Park- 
end Iron Works having received notice of a cent. re- 
duction in their wages, to date from May Ist, have held a 
meeting and decided to accept these terms. There is greater 
slackness than before, both in the house and steam coal 
branches Though the quotations for house coal remain 
unaltered, easier terms have been submitted to by some 
firms. It is probable that a further reduction in wages will 
be made in respect to the tinworkers, both at and 
Lydbrook. ‘Two departments in the Lydney works have 
been closed for over a month, and many hands are 
thrownout. The Forest foundries are obtaining a few orders, 
so that it is feared that they will soon close, as in some in- 
stances the proprietors are keeping on at a loss. 

Water Supply for Pembroke Dock.—At the last Papen 
meeting of the a Dock Town Council, mayor 
proposed, with the view of ascertaining where the best 
supply of water = bg Dock = be obtained, that 
a civil engineer sho engaged prepare a A 
This was ca by an amendment declaring it inexpedient at 
present to engage such a — ; and upon a division 
the amendment was carried. 





PorTABLE Steam LAuNcHES.—Messrs. Yarrow and 
Co., of Poplar, have just completed two little steel vessels, 
30 ft. long by 8 ft. beam, for use on Lake N in the 


interior of Africa. ity of these is that 
eran entirely bolted together and not rivetted, so that 
they can easily be subdivided into small and light pieces for 
transport on men’s backs. is the same of con- 


truction adopted by Messrs. Yarrow and Co. in the little 
steamer tinder which has been so successfully launched on 


Lake Nyassa. 


Tue Patent Orrice.—Mr. Mundella has given notice 
that on Friday (this day) he will ‘‘ask Mr. A’ " 
General if he will lay upon the table of the House, 
report on the Patent Office recently made by the Master of 
t to the Treasury. 


the Rolls and the Ts 

And if he will state to the House whether it is intended 
that the Commissioners of Patents shall carry out the res 
commendations embodied in the report and s ; 
The report in question was referred to by Mr. Mundella at 
the meeting of, the Instituiion of on 
the subject of the Patent Bill on Tuesday last.) stated 
tabi wos pastensians bo keslencs senna eal ie ike 
out, it w' be Jikely to be extremely prejudicial to the 
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IMPROVEMENTS AT STEPNEY STATION. 
Im our number of the week before last (vide page 370), 
we gave some particulars cf the new bridge which is being 
constructed over the Commercial-road at the Stepney 
Station of the Great Eastern Railway. In noticing this 
bridge we confined ourselves almost entirely to the work 
which is being done by the contractors, Messrs. Handyside 
and Co.; but in addition to the modifications which are 
being made at Stepney include a iderable t of 
work which is being done by the company’s staff. In fact 
the works which have now been in progress several months 
are of an important character, and consist mainly of the 
removal of the old bridge and platforms, the erecting a new 
t-iron bridge over the Commercial-road, the exten- 
sion of the up and down platforms on the Blackwall Ex- 
tension Railway, and the necessary temporary arrange- 
ments for carrying on the extensive traffic at this spot 
during the progress of the works. The removal of the old 
bowstring bridge was got through without much diffi- 
culty, and the erection of the new bridge and platforms 
adjoiaing at once commenced. The principal girders of the 
new structure are, as we stated in our former notice, of 
the ordinary plate type, the span is 126 ft., and the width 
from centre to centre of the two main girders is 43 ft.; this 
will admit of the platforms being made a suitable width 
across the bridge. 

The platforms which, when complete, will be each 450 ft. 
in length and not less than 10 ft. wide, extend along the 
viaduct of the railway on either side, and are carried upon 
lattice girders and strong wrought-iron cantilevers firmly 
bolted down into the brickwork. In consequence of the 
large traffic, consisting of upwards of 400 trains up and 
down daily, unusual care and precautions have to be taken 





in this ion of the work, and they have been carried out 
under the immediate direction of Mr. Langley, the engineer 
to the company. 


The supporting and maintaining the permanent way and 
all arrangements for the safe passage of the trains during 
the removal of the old and erecting the new bridge and 
platforms, being of such an important character, have been 
done by the Great Eastern Railway Company's own servants, 
and in such a way as not to impede the traffic on either up 
or down lines, the speed of the trains being simply reduced 
on approaching and passing the works. At the same time 
the large street and tramway traffic under the bridge has 
been thoroughly maintained. The whole of the work has 
been designed by and carried out under the direction of 
Mr. A, A. Langley, the engineer to the Great Eastern Rail- 
way Company, who has been ably assisted by Mr. W. 
bey he contractors for the bridgework are Messrs. 
A. Handyside and Co., and the ironwork in connexion with 
the platforms has been supplied by Messrs. Westwood, 
Baillie, and Co., of London Yard, Isle of Dogs, and Messrs. 
J. Oswald Gardner and Co., of Lambeth. 

WRIGHT'S BUCKET-PLUNGER PUMP. 

We annex a section of a donkey pump, exhibited at 





Philadelphia by the Valley Machine pany, of East- 
hampton, Massach this constructed on 
& plan patented by Mr. William Wright, of New York. The 
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“Sir on us _as'ron” > 

name given to the arrangement, namely, the “ bucket- 
plunger” pump, appears to us somewhat inapplicable, as the 
chief feature of the design is that the piston of the pump is 
without valves, and can, therefore, scarcely be called a 
“bucket.” A‘ piston and plunger” pump would appear to 
us to be a better name. 














Referring to our section it will be at once understood that 
the action of the pump is similar to that of an ordinary bucket 
and plunger pump, one-half of the contents of the barrel 
being di during the up and the remaining half 
during the down stroke. Instead, however, of employing a 
bucket, Mr. Wright uses a solid piston D, and provides for 
the connexion between the two ends of the barrel by a valve 
G fitted to a chamber at the side of the barrel, as shown. 
This valve G is directly over the suction valve F, and access 


valves are simply circular pieces of metal, india-rubber, or 
leather pressed down by light spiral springs, and rising 
on stems which are fixed to the valve seats,as shown. The 
pump is, as will be seen, provided with a vacuum chamber 
J, which is arranged within the air chamber K, connected 
with the delivery side of the pump. 

The remaining portions of the design will, we think, ex- 
plain themselves, and we need only add that the piston-rod 
and valve spindle are made of steel, that the flywheel sbaft, 
crank and crank-pin is a solid wrought-iron forging, and 
that the crankshaft bearings are of cast iron lined with 
Babbitt’s metal. Altogether the arrangement is a compact 
and convenient one. 





THE LATE GUSTAF EKMAN. 

Ir is with we have to record the death of Mr. G. 
Ekman, by which Sweden loses one of her most eminent 
men. Mr. Ekman died at his works, Langbanshyttan, 
Wermland, on the 3rd inst., at the age of nearly 72 years, and 
from a notice in the Swedish paper Dagbladet we extract 
the following. 

“‘ Having studied at Upsala University and at the School 
of Mines at Fahlun, he visited the Continent and England 
in qo in order to study ironmaking at their works. 

‘* He brought home a perfect knowledge of the English 
‘open hearth’ process for conversion of ig iron into 
wrought iron, and introduced it at several of the Swedish 
works where it has become known as the ‘ Lancashire’ 

rocess. He served as director at the Board of Swedish 

ronmasters from 1830 to 1836, when he left their service 
to manage his own iron works. To write an account ot 
what he then accomplished would be to give a history of 
the improvements in the Swedish iron trade, so many were 
his inventions and developments. Amongst these stands 
first the so-called ‘Ekman’s Gas Wel Furnace,’ he 
being the first to introduce into Sweden quite a new prin- 
ciple of using gas as fuel generated by means of a se te 
gas generator and used in the welding furnace. this 
means he saved more than half of the fuel formerly re- 
quired for heating and welding the blooms in the open- 
hearth process in order to produce bar iron. It was only 
after many struggles, and that even with such persons as 
Berzelius and Setstrém, that Ekman succeeded in getting 
this new gas furnace adopted. 

“* The Swedish Board of Ironmasters, however, showed 
Ekman every encouragement, and ted him all the dis- 
tinction in their power, and even Berselius and Sefstrém 

tually hastened to acknow their misconception, 
and it was through their recommendation that Ekman was 
ected a member of the Royal Academy of Science in 


He managed on behalf of his brother as his er, 
the Lesjéfors Works exceedingly well, not only with a view 
to improve the iron manufacture, but also for re-plantation 
of forests, for which latter he gained a Government award. 

“* He established extensive schools at his works for the 
kept his workmen together with the 
in 
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to both valves is obtained through the hand hole H. The 





where Ekman’s ing furnace is 
718, as well as the Lancashire process, page 591. 
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A NEW SYSTEM OF PERSPECTIVE 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION. 
INTRODUCTION. 

(Continued from page 338.) 

Havine solved the first part of the problem and 
determined the projection of a line in the picture, 
which is the locus of the required projection of the 
given point, we proceed to the solution of the second 

art of the problem, which is dependent on the 
ollowing principle : 

If we suppose a ray of light to pass from the 
given point to the eye of the observer placed at the 
station, it will be evident that the ray of light must 
lie altogether in the revolving plane, the intersection 
of which with the perspective plane is the locus of the 
projection. Consequently, the intersection of the ray 
of light with this line, dividing it into two segments, 
will indicate the projection of the given point. 
It will also be evident that the line thus divided, 
the ray of light, the axis, and the intercept of the 
line between the given point and the point of con- 
tact form two similar triangles, the segments of the 
divided line being in the same proportion as the inter- 
cepts of the axis and the line from the given point. 
If, therefore, we can find the means of dividing 
the projected line in this proportion we shall obtain 
the projection of the given point. This problem is 
generally solved by means of elaborate geometrical 
construction, the rules for which may be described 


as follows : 
Py ‘ Fig. =; 











Fig.7. 

















Having drawn a line across the picture parallel to, 
and at a given horizontal distance from the base or 
ground line to represent the horizontal line, we 
assume a point upon it to represent the point of 
sight. We then on a separate piece of paper, re- 
presenting the horizontal plane in which the given 
point is situated, draw also a horizontal line, and 
assume a point upon it to represent the point of 
sight, and upon a perpendicular to the horizontal 
line from the assumed point we assume a second 
point at a distance from the horizontal line equal to 
the line of distance to represent the point of station. 
We next, on the side of the horizontal line opposite 
to the station, place a point to represent the given 
point ; in practice the position of this point will of 
course depend upon the nature of the subject in 
hand. We then draw a line through the given point 
at some given angle of inclination to the line of dis- 
tance, the distance of the intersection of this line 
with the horizontal line, measured from the point of 
sight on the horizontal plane, will determine the 
distance of the point of contact on the ground line 
of the picture from the vertical line ; and the inter- 
section of a parallel to it from the point of station 
with the horizontal line will determine the distance of 
the vanishing point from the point of sight. 

We then lay off on the horizontal line from 
the vanishing point in the direction of the point 
of sight, a Eisiense equal to the distance of 
the former from the station point, the point 
thus obtained being called the measuring point; 
and from the point of contact in a contrary di- 
rection, a distance equal to the intercept of the 
line drawn through the given point between such 
point and the point of contact; in order to save 
repetition we shall call the point thus obtained the 
second point of contact, the other being designated 
as the first point of contact. 

If we then transfer the four points thus obtained 

to the plane of the picture, the vanishing point and 
the point of measurement to the horizontal line, and 
the other two points to the ground line, diagonal 
lines connecting them will intersect in the point of 
a of the given point. 
_ This method of projection will be found explained 
ina work by Aaron Penley, ‘‘ Elements of Per- 
spective,” 1860, and in numerous other works on 
perspective. 

If the line drawn through the given point should 
be ne pg ag 6 rang ony line, - vanish- 
ing of the line forming the locus of the pro- 
jection of the given point will evidently be the aia 
of sight. By this means three of the points required 
are generally obtained within the limits of the 
picture and the distance of the fourth, the point of 


measurement, from the point of sight, is constant, 
being always equal to the line of distance. A detailed 
explanation of this method will be found in the work 
already mentioned ‘‘Traité Pratique de Perspec- 
tive,” lately published in Paris, and in other works 
of older date. 

Instead of laying off the perpendicular distance 
from the given point on the horizontal line we may 
obtain a second point of contact by dividing the in- 
tercept between the perpendicular and the point of 
sight in the proportion of the perpendicular to the 
line of distance. This may be done as follows: taking 
D the line of distance, P the perpendicular, d the 
intercept, and S the segment next the point of sight, 
we have the following proportion (D+P):D::4:8 


and ace =S. Having thus obtained a second point 
of contact, it will be evident that the line on the hori- 
zontal plane joining it with the given point if pro- 
duced will pass through the station point, and will 
represent the trace on the horizontal plane in which 
the given point is situated of a plane revolving on a 
vertical axis passing through the station point, the 
intersection of which, as before stated with the per- 
spective plane, is vertical. 


Fia. 4. 


w Fig. 3. - 
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We have, therefore, only to transfer the second 
point of contact to the ground line and draw a per- 
pendicular through it which will intersect the line 
drawn from the first point of contact to the point 
of sight in the projection of the given point ; by this 
means, all the required points are gen y in- 
cluded within the limits of the picture. This method 
will be found in detail in the “‘ Synopsis of Practical 
Perspective, Lineal and Aerial,” by T. H. Fielding, 

y mentioned, but illustrated as usual by hori- 
zontal plans and geometrical constructions. 

Many contrivances have been devised in order to 
obviate the difficulties attendant upon the fact that in 

ractice the vanishing point of projection of oblique 
have is usually found to be without the limits of the 
picture. The dimensions of the picture are sometimes 
laid down on a separate horizontal plan, on a reduced 
scale or otherwise. The horizontal and other lines 
being extended as required, and the geometrical 
constructions completed, the points where the line 
intersects the lateral boundaries of the picture, as 
well as the poiat of contact, are transferred to the 
picture by .means of proportional compasses if 
necessary, furnishing two points by means of which 
the projection is obtained. 

Sometimes the canvas or paper is laid down upon 
a large table or the floor of the studio, lines chalked 
in the direction of the continuation of the horizontal 
and other lines, the intersections being obtained by 
means of long steel rulers, threads, or cords stretched 
from point to point on pins, or nails, &c. This 
method will be found described in a little work 
entitled ‘‘ Linear Perspective for the Use of Artists,” 
by V. Pellegrin, 1873. 





Fig.5. 
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Another contrivance to obviate these difficulties 
dageeds on the following principles (see Figs. 5 
and 6) : 


Having found the vanishing point on the hori- 
zontal plan in the usual way, we take some sub- 
multiple of the distance from the point of sight to 
the vanishing point which will bring the represen- 
tative of the vanishing point within the limits of 





the picture. We then assume a point on the hori- 


zontal line of the picture at this distance from the 
point of sight. If, then, through this point we draw 
a perpendicular to the horizontal line and a line from 
the point of contact to the true bcmcery, © amend 
the intercept of the horizontal distance between 
the point of sight and the line thus drawn will be 
to the intercept of the perpendicular as the distance 
from the vanishing point to the point of sight is to 
the distance from the same point to the point as- 
sumed, If, then, from the assumed point represent- 
ing the vanishing point we lay off on the horizontal 
line a distance equal to the same submultiple, as 
‘that already Say mage of the true distance of the 
vanishing point from the point of measurement, and 
from the point thus obtained to represent the mea- 
suring point, we draw a line at any angle whatever 
with the horizontal line equal to the intercept on 
the horizontal plan between the given point and the 
horizontal line, also from the point of sight a line 
—— to it, and from the remote extremity of the 
ine first drawn a line to the representative of the 
vanishing int cutting the parallel line, then 
from the point of contact set off on the ground line 
a distance equal to the intercept of the parallel line 
and join the point thus obtained with the point of 
sight, the connecting line will intersect the line 
drawn from the point of contact in the direction of 
the true vanishing point in the point of projection 
required. For it will be evident that the line equal 
to the intercept between the given point and the 
horizontal line bears the same proportion to the in- 
tercept of the parallel line as the distance of the 
point representing the vanishing point from the 
representative of the measuring point beara to 
the distance of the same point from the point of 
sight, and consequently the same proportion as 
the true distances of which they are equi-sub- 
multiples, and by alternation the intercept between 
the given point and the horizontal line bears 
the same proportion to the true distance between 
the vanishing point and the point of measurement 
as the intercept of the parallel line does to the dis- 
tance from the vanishing point to the point of sight, 
which is evidently the proportion of the segments 
of the diagonal line last drawn ; consequently the 
intersection of this line with the line proceeding in 
the direction of the true vanishing point will be 
the projection of the given point, 
e rules of construction given in this case are 
as follows : 

Take on the vertical line of the picture a distance 
from the point of sight equal to some submultiple, sa 
one-third of the true line of distance. Then wi 
this distance as a representative of the true line of 
distance find the vanishing point and point of 
measurement; by geometrical construction accord- 
ing to rule. The submultiple should of course be so 

en as to bring all the points required within the 
limits of the picture. Draw a perpendicular to the 
horizontal line through the point representing the 
vanishing point, then take any small opening of 
the compass, and mark the space between the points 
off repeatedly on the vertical line from the point 
of sight to the base line or even below it if neces- 
sary, and if any portion of the object to be drawn 
reaches above the horizon do the same also above 
the point of sight. Take in the compass as many 
of these divisions as make one less than the number 
of times the representative line of distance is con- 
tained in the true line of distance ; in be ig wig 
case it is contained three times, therefore take two 
divisions from the vertical line and mark them off 
downwards, and if necessary upwards on the per- 
pendicular passing through the representative of 
the vanishing point ; subdivide each of these divi- 
sions into as many equal parts as the representative 
line of distance is contained in the true line of dis- 
tance, in this case three times, and number the sub- 
divisions on the vertical line and the Steere 
subdivisions on the repei 1, 2, 3, &e.; it 
will be evident that any line joining two of the cor- 
responding subdivisions on the vertical line and the 
perpendicular, or any two points at proportionately 
estimated distances from such points, will tend in 
the direction of the true vanishing point. Then 
in order to determine the projection of the given 
point; from the point representing the point of 
measurement draw a line any convenient 
angle with the horizontal line, and a line parallel to 
pir We ron kee nak _ the remote extremity 

e line wn wi e point representin 

the V-point, lay off the intercept of the parallel 
line on the ground line from the first point of con- 
tact, and join the second point of contact thus ob- 





tained with the point of sight, the connecting line 
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method, unrated by examplon will be found in a OG casten's (rhich appeared on pag 400 changeable, which rerult in 2 great advantage in 
work entitled “‘ The of Sketching from Nature,” | our last number) was also of a kind not likely to elicit "Senee a ht be divided into its parts thus : A, Wheels 
by Thomas Rowbotham, 1859. much discussion. Colonel Clay (Liverpool) was/and Axles; B, ;.C, ; D,. Underframe 
, (To be continued.) anxious to know whether Mr. Easton had found any | &c.; E, Drawgear; F, ; + fe ce 
difficulty as to salt water getting into the wells at| «4. Wheels and Avies.—'The forces formed’ coup which 
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WE had oh og that Mr. Forsyth, of the North 


Chicago Rolling Mill Com » had long since 
reached the maximum eer we in one pair of 
5-ton Bessemer vessels. On the con is re- 


cord for March is 6413 tons of ingots. @ score 
of the week ending April the lst is as follows: 


heats. 
Monday (vessel turned up 6.30 a.m.) = 
Te a. ae oe & 
Saturday (vessel turned down 3.50 p.m.) rs 21 
‘ons produced 1583}. 
The above is the production of two vessels, each 


of nominally 5 tons capacity. The rail mill record 
for March was 50744 tons first-class rails and 80 
tons second class, in a 3-high 2l-in. train. The 
ingots for the above were bloomed in a 3-high 30-in. 
Fritz-Holley mill. Meanwhile several other American 
Bessemer works have nearly reached these figures 
and all are running very well. Improvements are 
still going on, especially in cupola practice, re- 
fractory mixtures, bottom casting, and rail finishing 
details, of which we shall give an account in due 
time. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue demands upon our space last week compelled 
us to leave over to the —— issue our notice of the 
second day’s meeting of this Institution on Thursday 
the 4th inst, On that day two papers were read, a 
description of the Ogi Paper Mill by Mr. William 
Anderson (of Messrs. Eastons and Anderson), and a 
short note on the yield of wells sunk in the chalk 
in the central portion of the London basin, by Mr. 
Edward Easton. Both these papers we have pub- 
lished in extenso. 

Mr. Anderson’s communication was an exceed. 
ingly good example of a most valuable class of 
papers—a detailed description of machinery con- 
his firm, erected and now successfully 
at work. é have published it in full, and need not 
therefore ys peg it (which indeed it would be 
difficult to do) here. In acknowledging avery well- 
merited vote of thanks for it the author said he con- 
sidered the special points about the machinery of 
the paper mill described to be the knotters and the 
self-acting continuous cutting machine. These were 
the inventions respectively of his late partner Mr. 
Amos and Mr. Clark. In other matters he did not 
claim an: Looe novelty in the machinery, in the 
design of which, however, he had had always to 
keep in view that it was to be worked entirely by 
natives (Japanese) without the assistance of any 
akilled European artisans whatever, For this reason, 
and also because it was not intended for the manu- 
facture of the finer kinds of paper, some arrange- 
ments had to be adopted, and others to be rejected, 
which would have been otherwise treated for a mill 
to be erected at home. He thought, however, that 
the desired end had been fairly attained; very 
similar machinery sent out to Egypt had been easily 
worked by Arabs, and Mr. Cheeaman (under whose 

the Ogi mill had been erected and worked, and 
who had had help only from one other European, Mr. 
Bottomley) had found that the Japanese could 
handle the whole of the machinery in a very satis- 
factory manner. 
There were exhibited on the table alarge number of 
ens of rags, pulp, &c., belonging to the various 
parts of the paper-making process, and illustrating 
the action of the machines employed in it, among 
them a potential thousand-pound note carefully 
stop’ up. Some specimens, and very good ones, 
of made at the Ogi mills were also exhibited. 

. Anderson's paper was not one to lead to any 
discussion, it was followed only by a somewhat de- 
sultory conversation between . Amos, Mr, 
Cowper, and the author upon knotters and cutting- 
machines - . Mr. Amos, as one knowing 

° 





made there one after the other, at greater and greater 
distances from the river, and the last had been tubbed 
to keep out the upper water, but in spite of all this 
they still got salt water. Mr. Spon corroborated 
Mr. Easton’s observations as to the gradual lower- 
ing of the level of the water in the London chalk 
wells, and remarked that it was almost impossible 
to get particulars of the yield of these wells, their 
owners (who had spent large sums of money in sink- 
ing them) were naturally enough reluctant to make 
this information public, Mr. Easton said that he 


He had intended to accompany his paper with 
tabulated statistics as to the yield of the London 
wells and the levels of the water in them, and had 
attempted to obtain these, but although he had 


so incomplete that he could not construct anything 


therefore, add it to his paper. The gradual lower- 
ing of the water level was certainly, however, a fact, 
and no small number of wells had actually been 
abandoned from this cause, their owners not caring 
to go to the trouble and expense of sinking them 
farther. He had not found any difficulty from salt 
water. The circumstances at Ramsgate and Brighton 
were very different from those at Liverpool, and at 
the former places it was only necessary not to sink 
too deep to make sure of drawing only fresh water. 
The notes on the early history of railway gauge, 
which were to have been given, not being quite 
ready, were postponed, and the meeting therefore 
broke up. ‘The President announced that the July 
meeting of the Institution would be held in Birming- 
ham, where it was hoped that the additional at- 
traction caused by the presence of the Royal Agri- 
cultural Society would insure a large meeting. 


RAILWAY WAGONS. 

Ar the twenty-third ordinary meeting of the session of 
the Institution of Civil Engi , held on Tuesday even- 
ing, the 9th of May, Mr. W.H. Barlow, vice-president, in 
the chair, the first paper read was ‘“‘ On the Construction of 
pally Wagons, with Special Reference to Economy in 
os phe ht,” Ly ana A B. Doorn. Se yd 

e of a wagon i es, 
because in addition to ordinary s » which could be 
calculated and allowed for, it was also subject to sudden 
and extraordinary strains, whi culation. It had 





defied cal: 

not, therefore, been attempted to give a complete theoretical 

investigation of strains in this case, or to frame a design and 

dimensions based on theoretical principles. The dimensions 

found in the ce of the leading British railwa; 
bstantially 


been assum 6u correct. What n 


as 
them also by theory whenever this was possible, and so 
endeavouring to arrive at the lightest and most economical 
designs cduaistent with the ical conditions of the case. 
In considering the sa’ , the principle, then, was that 
the strength of a was not , as in other structures, 
apie load it had to carry. It would therefore appear that 
the proper plan was to load a wagon as heavily as ible ; 
and this yo to view the first point for edie. va, 
what was the best load for a wagon? ‘The early wagons 
only carried 3 tons or 4 tons, and weighed as much, or more ; 
the load was gradually increased to 6 tons, and then 
to 8 tons and 10 tons, where it had stopped; although 
still cf wagon By too strong for ‘ety There 
ton ms running, t few were 

built—at least by vollvar companies ; in fact, their 
tare, weight, and cost were not much less than that of a 
10-ton wagon, whiletheir load was little more than one-half. 
Thus the question was practically narrowed to 8-ton and 
10-ton wagons. The difference in weight and cost of these 


were 
now 


was not t. It would seem, then, as though the 10-ton 

ductor of tnier ws Ser tes tagh, S Yor ppeater laod might 
ro was »% 

be resorted to. wever, two reasons oa 


wagon should be too heavy for a single horse to start it ; 


secondly, it was comparatively seldom that a wagon was 
loaded to its full ——. is question had been treated 
for French railways by M. Marché; for lish railways 
Soran merit tees neenene 
» remem were 
lutely aah Books ; fi pote 
» 1 Wo a or 
Special classes of wagons—light wagons for traffic, 
to fata oetons rot, the lig wegte. might ge 
: a 
heavy load for its return journey ; sth might be 
& number of wagons, hence have to 





something of paper-making, after ons De 
specimens of Ogi paper the table, spoke in the 
p rergrrrate he A teuns of Mr. Cheesman and 




























had unfortunately found the truth of this statement. | tyres 


succeeded in obtaining much information, it was yet: 


like satisfactory tables from it, and he did not,, 


had 
aimed at was to compare these with one another, checking | wagons. 


F 
E 
é 


was discussed, 
Wooae heels get rid 
direct on to the wooden body ; 
iron _—— an yay tang cont Se same, and their 
elasticity appea: ve great effect in preventing th 
breakage of axles. os Se 
B. Azleboxes.—The main question here was as to oil or 


grease lubrication. The advantage of was that it was 
<— ) . first cost and readily applied; the azleboxes were 


ter and less ive. the other hand oil gave 
much less trouble in lu a | and less risk of hot boxes, 
while the tractive force required was less. Axle guards of 


24 in. by 2 in. crowns and 2} in. by fin. wings were quite 
strong enough; in many specifications these dimensions 
were excessive. 

CO. Springs.—No alteration was likely to be made in the 
form of springs. Their strength was re the sum of the 
strengths of the plates, as ny | acted independently ; 
hence for strength and lightness the plates should be few 
and deep ; perhaps the tendency was now too much in the 
on Underfran No great t ba 

\ ame.—No great improvement was probable in 
the disposition of the material in wooden po rma 
but the oy should always incline from the centre 
towards the ers. The disadvantage of wood was that 
it only acted as a strut, not asa tie; hence tie rods were 
eh A combination of iron and wood might seem 
— , but such combinations were rarely successful. 

ood was, however, shown by compari to be much 
lighter and cheaper than iron; t omy advantage of the 
latter was durability, and this in railway wagons was not 
of first-class importance. The usual ing in was 
now 12in. by 5in. This might be reduced for sole bars, 
headstocks, and middle bearers. 

E. Draw Gear.—The advantage of this being continuous 
was, that it diminished the strain on the wagon body; the 
disadvantage was the extra weight and cost, as the draw- 
bars did nothing to assist the under frame. This might 
be overcome by a new design, in which the eceds:aoted 
as draw-bars, so that if one broke the rest would still hold ; 
and there was no weld in the draw-bar. 

F. Buff was to do away with spring 


‘ers.—The 
pt nee hee eb we » ; they were at a t dis- 
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length of 8 ft. by a series of forty-eight small rolls 13 in. 
diameter. The distributing box at the rear end is fitted 
with an india-rubber apron that laps over the wire web 
prevent the escape of stuff, and the stream of whieh i 
at each side by two “‘deckle ” which 
endless india-rubber bands, 14 in. wide li in. thi 
stretched over flanged pulleys that are ina 
which is adjustable in height and s down the 
bands close upon the wire, thus determining the wid 
the sheet of papermade. The stuff is guided on to the i 
web by « brass elbow plate at each side, and the apron 
the distributing box is —_— to the width of paper 
rolling up the sides on these elbow plates. A pair 
<< slices” or thin transverse brass strips are fixed in 
deckle frame with a vertical adjustment by means of whic 
they can be — ~ within any requi of 
i it. The 
in a zine 


3 


; 


: 


E 
é 


it 
areteed 


Fee 


distance 
wire web to eq the depth of stuff all over 
back water draining through the wire is. caught 
pan, and is returned to the strainer by a 
pump. The wire is washed ore reg be Few 
ipes on its return: below the table, the deckle bands 
ve also a stream of water constantly playing on them. 

‘As the sheet of paper passes forward on the wire web, it 
is carried over two vacuum boxes, which are shallow w: 
boxes having a 2in. drain pipe carried down from each to 
some depth below the floor level, and a small stream of 
water is supplied to each end of the boxes and escapes down 
the drain pipe, causing a suction to be maintained under 
the film of paper that drains it of a 
and at the same time greatly consolidates it. A dandy roll 
is placed above, between the vacuum boxes, for the purpose 
of impressing any pattern or water —— the paper ; it is 
driven by the wire upon which it is le to press, and is 
kept clean by a band of felt which brushes it. 

The paper then passes between the ‘‘ couch” rolls, 18 in. 
and 12in. in diameter, which consolidate it by pressure, the 
upper roll having sliding bearings pressed down weighted 
levers ; these rolls are of brass, jacketted with felt, and 
the upper roll is scraped by a wood ae covered with 
felt, and is continually watered along its whole length by a 

rforated pipe. The endless wire web over the 
ower couch roll in returning to the rear of the machine, 
and it is driven by this roll, which can be instantly discon- 
nected from the engine if required. The web is supported 
behind the —_ yous by, a = roller, a has a slid- 
ne Se at one end for the purpose of checking any 
tendency of the web to run to ather side by setting the 
—_ slightly out of square with the line of motion of the 
wed. 

Pressing. —The newly formed sheet of paper, consoli- 
dated by the couch rolls, sticks to the felt of the upper roll, 


and is caught hold of by the attendant at one corner an 
peeled off the roll by being held whilst the roll revolves ; 
and it is then passed een a pair of light wood rolls on 
to a travelling band of felt, which carries it through the 
first pair of press rolls. These are of cast iron, 14in. in 
diameter, the upper one working in vertical guides and 
pressed down by heavily loaded levers, giving a total pres- 
sure, including the top roll, of nearly 24 tons, or at the 
rate of 68lb. per inch width of the 
being varied according to the width of paper made. The 
paper in passing through sticks to the top roll and is peeled 
off as before, and then led over rollers down on to the 
travelling felt again, by which it is carried below a second 
pair of press rolls shallow i 
there lifted off the first travelling felt and transf: toa 
second one, by which it is carried through the second pai 
of rolls but in the reverse direction, the side of the sheet 
that had previously been turned up being now turned down 
and in contact with the second travelling felt. The 
press rollers are provided with on or “ doctors,” 
with troughs underneath to carry off any water and to 
catch the dirt that falls off; and they are frequently, 
pecially where highly sized papers are made, also fi 
hs filled with a solution of 
soap to prevent the paper sticking too tightly to the rolls. 

lower rolls in cases are driven engine, and 
can be instantly thrown out of 4 clutches ; the top 
rolls are driven by contact with them. It is very important 
for the rolls to be true and to bear equall - 
out, to prevent the paper coming away hae & damp or 
pressed. The first travelling felt gets by —— impreg- 
nated with pulp, or rather with size or china clay, &c., and 
provision is made in the standards that carry the press 
rolls for removing it for the p of a thorough washi 
without requiring the rolls to taken out ; but to avoi 
the necessity for this as much as possible, a partial was i 
is administered by a revolving beater with a couple of arms 
driven at a high speed under the felt, whilst a stream of 
water is made to play over it. 

mg.—The paper is|then carried forward to the dryi 

cy: rs. These consist of five pai of cast-iron cyli » 
3 ft. 4in. in diameter and 6 ft. 6 in. in length, with wrought- 
iron ends rivetted in. and fitted upon hollow cast-iron shafts 
revolving in bearings that have screw its for 
toking up, the weae, Steam of 5 1b, to 10 1b. i 
admitted into each cylinder through a stuffing-box at one 
end of the hollow shaft, and the condensed water is taken 
pA bed rd of transverse scoops inside the cylinder, 
deli through the other end of the shaft into a self- 
acting water trap, connected with a hot-water cistern near 
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being tur 
ground er with emery 
provided ary 
class pai e 
they < made in 


turned as accurately as possible, p= 

arpe “the monclactare’of i 
e > the manuf at 

lenders perform a very important 5 

many different ways, and now very 

generally of much cuales diameter, in stacks of a con- 
siderable number up to as many as twelve in height, 
the rolls being made of chilled iron. The con- 
struction described in the present case has been adonted 
on account of its simplicity and ease of management— 
matters of great importance in new countries where skilled 
machine men are not obtainable. 


for paring the 
nally into the 
There are five a circular 

rallel shafts, that are geared eine at 

ioned inversely to the 

59 in. in diameter on the lower 
upper. The lower shaft is driven =— 
the upper shaft terminates in a kno 


a gin 

i ano on —_ and the end 
bearing, e cutting action e shears is 
time by lifting the brass plate and shifting the 
ani shears sideways. ? in. Beyond are 
of wood gathering rolls, the u one 
i ing it to press upon the lower roll. 


proceeds h, 
and the process of stopping and cutting is repeated, The 
measuring drum is 3 . in diameter, and receives a re- 
ciprocating motion by a connecting- a crank of 
variable stroke, and a nice adjustment of the h of stroke 
of the dram is effected by the pin upon the drum 8 towhich 
the ing-rodis a ae pa 
6 over m 
donmand then hangs down the face of a vertical plate tan- 
ntial to the drum, at the lower edge of which is a horizontal 
finite, and close above this is 0 clamp boand: tit Se 
against 7 = y strong holds t 
upon it whilst being cut. he clamp-board is 
drawn by a pair of bell-crank levers moved 
and the same movement brings down a pair 
rollers upon the drum, causing the sheet of paper to 
drawn forward to the extent of the forward movement 


to measure off 
5 


the drum, The pressing rollers are then released, and the | ends 


clamp board is simultaneously pressed on to hold the paper 
during another cut, whilst the measuring drum takes its 
and ready for the 

at which this is done, 
Seces 
ving [belt upon a pair 
hich the belt is traversed by means 
of a screw and handwheel. Tho ctntinnons sheet of paper 
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next forward stroke. The exact 
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The sheet of paper caused by the successive stoppages 


orThert a knife attached to 


5 


having a 


2s 
eo 


aa 








| 


ul 
a5 


i 
‘5 
Hh 


i 
E 


e 
| 
E 
Fee 


i 
at 


Ef 
5 


| 


i 


= 
g 
= 
2 
i 
F 


h 
i 


i 
i 

i 
: 
rr: 
i 
a 


F 
= 
E 
: 
oe 


5 
5 


Feet 
i 
| 


5 
FE 
t 
i. 
: 
a 


# 


i 
ere 
Ie 
3 
i 


EB 


i 
Ht 


i 


- 


ye 
afer 


Cy 


pie 


a 
i 
ify 
1 


F 


moun’ 
forward out 


A 

; 

Z 
! 
rf 
B F 


ti w 


& 
Ss 
g 


be run 


it 
i 


F 

eI 
f 
i; 
7H 


ee 
: 
ee 


i 


ie 


2 

E 

ed 
iif 
i 
Hh 
He 
& 
F 

I 


ti 
Hi = 
F i Be 
ttt 
ti 
HfL 
hit 


FE 


eee 
: 
i 


i 
i 
i 


i 
: 
H 
F 


i 
i 


: 
3 
i 
a 


Ui 
i 
i 
: 


F 


e 


=i 
it 


g 


i 
a 
i 


$ 


Hl 
il 
Z 


i 
if 
i 
Fie 


i 
a 
: 
ii 


E 
| 
ths 


at 
B8 
ge 
i 
i 


E 
= 


i 
t 
‘ 


3 
sf 


af 
it 
et 


5 
4 


| 
| 
| 


fixed knife before | varia’ 


3 


i 


e 


i 
it 


i 
t 
ee 


! 


H 
i 
i 


g 
F 














424 ENGINEERING. [May 19, 1876, 
occasion to go round to the other side, on which all | a large gang of men employed, whereas if this be not pro- | ings and the axle (about 4 ft.), of width between 
the gearing is , except for ing or adjusting | per! Laibibued Gave see aang bo vequised to-do thedamn the shafts about 2ft.), that the wheel should not beless than, 
‘machinery august “Seace teen at icks of dew wt pepe Ree no 
The for the mill was ordered in A 1873, rry .—For quarrying purposes, pi of a of gravity s as low as e. ve 
and it ne od Japan in June, 1874; and the mili aner and heavier construction are necessary, varying | all the greatest possible pan should be attained with 
was got to and paper made in A t, 1875. There emerge ay doy weight according to the hardness of the | the least ble weight, which should not exceed 90 Ib. to 
was not any portion of the i of co uence | stone. In wol of granite these reach their limit, 100 Ib. @ covering varies in } from fin. to 
damaged or , and great credit is due Mr. some being 361b. in weight. To render the subject more bens according to the nature of the material requiring to 

remo 


the erection of the mill and machinery 
a remarkably short space of time, 
eastege "aie teo eas 

, e nD 

intelligence and skill of the 
assistance the works were 
igh character of the native gentle- 
. The extent of the mill is 

04 ft. in breadth, besides the boiler 
of this size is considered capable of pro- 
ducing from 15 to 20 tons of paper per week of 144 hours ; 
but this quantity is much affected by the quality and weight 





a made, and the frequency — which the — 

ies are c! , as well as the management an 
the skill of the workpeople. 

CONTRACTOR'S PLANT.* 
ALEXANDER CLARK. 

GENTLEMEN,—We trust it will not be necessary to make 
any elaborate a for bringing this subject before 
you, that although it is one in which, as a rule, engineers 


are not called upon to advise, ov will nevertheless willingly 
admit that the construction of the implements employed in 
ing out engineering works is of considerable import- 
ance. e have, indeed, calculated on your pre ion 
in its favour, and trust your ample indulgence will extend 
both to the writer and his subject. We are aware that 
scientifically it has not the interest ee many sub- 
jects of ing, and thata paper on “‘ t’’ must in a 
measure be disjomted and incoherent from the great 
diversities in the details which call for notice. It is not 
however on that account necessarily uninteresting or unim- 
portant, as we often find that the method of construction 
is the source of considerable modification in the design. 
Further, and without attaching undue importance to our 
subject, we believe that the success of many undertakings is 
in a great measure dependent on the construction, quality, 
and number of implements used in ing out the work. 
Even in cutting out a small trench or dite no doubt you 
have observed time is lost, and the work made costly, 
from the entire want or the awkward construction of a 
small windlass for lifting a boulder from the bottom of the 
excavation. A slip of the sides may be the consequence of 
this , and should pipes require to be laid or an aque- 
duct built in the trench, the hasty manner in which these 
operations are performed, so as to save further mistakes, is 
greatly to the disadvantage of the quality of the workman- 
p- Much more then is the loss in extensive works where 
- large quantities are to be dealt with, and a temporary de- 
rangement of a single machine may cause inconvenient 
delay, and involve considerable expense. 

In looking over the wide field of subjects which may be in- 
cluded under the name of “‘plant’’ it is difficult to know 
which to select so as to compress within a single paper 
matter which may be interesting without too severely taxin; 
your patience. In the remarks we intend tc make we s 
not attempt to describe any of the more recent inventions 
which appear destined to create a revolution in the con- 
tractor’s plan of operations, but confine ourselves to the 
more common implements and machines, which, notwith- 
standing all our familiarity with their a) ce, are per- 
haps less known to us in their details. ith patent exca- 
vators, boring machines, and such like, we are acquainted 
from noe Sag — —7 —_ “1 ee om 
engineering papers, ‘ore the picks and shovels an 
wheelbarrows and wagons of the old contractor’s days shall 
their been forgotten, we shall 


epee So pines bees yee an estimate of the cost of 
the implements to be described and the percentage on the 
price which is required for them, but this must in the 
mean time be set aside, as we find the former part of 
- Sandiiegiap tn tha tecieipnede ek nome 
erring e im in contractors’ work 
we shall first advert to the hand tools, because in most 
cases these will not vary with the nature of the contract. 
Picks, §c.—The size and strength of an average man 
ive the yon oe of these implements, which should 
of the materials, and little scope 
for ingenuity in their 
= —— . es ae 
t' . properly formed solid eye 
the manufacture of a pick, and the 
he materials t> be excavated. For 
i pick is used, but for 
The mat- 
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explicit we have chosen one quarry as a , and when we 
have described all the tools used we Pode peal nd some of 
the modifications which the poy ad of different 
render necessary. The quarry we have chosen is situated 
near Craigmillar Castle on the south side of Edinburgh, the 
stones from which are presently being used in the construc- 
tion of the new dock works at Leith. The rock is a hard 
compact freestone which lies in nearly horizontal beds from 
1ft. to 6ft. in thickness. Heavy s of conglomerate 
overlie the better qualities of rock, and the whole is so hard 
that it requires to be blasted with powder or other ex- 

inches enbehehen. The drills u are from 3ft. to 9 ft. 
ong and from 1in. to 1}in. in diameter, all of cast steel, 
having mouths from 1} in. to 2$in. wide, and the holes 
bored vary from 1ft. to 8 ft. in depth. The boring ham- 
mers are about 9 in. long and 9b. in weight with idles 
about 3 ft. long. 

The wedges used for b ing up the squared or block 
stone from their beds are from Sin. to 15 in. long and from 
3 lb. to 12 1b. in weight, smaller wedges from 2 in. to 3in. long 
being for cutting up into separate stones when re- 
quired. The hammers used for driving these wedges are, 
for the heavier w , 18 in.!long and 24 in. to 2} in. square 
across the eye, weighing from 17 lb. to 20 lb. 

The picks used are of two kinds, called for distinction 
“rock picks’’ and “ scabbling picks,’’ the former slip eyed 
weighing 141b., the latter fast eyed weighing 104 lb. 
These vary from 18 in. to 22 in. in total length, 2} in. to 
24 in. square in centre, tapering to 1jin. and 1 in. square 
towards the ends and being diamond pointed. The eyes 
are 2$ in. x 1fin. and 2 in. x1} in. with handles 30 in. and 
24 in. respectively. 

To take off part of a very rough bed in blocking ashlar, 

inchers are used. These are about 13 in. long by 2} in. square 
in centre with similar eyes to those above described, and 
sharped to one side like a carpenter’s chisel. This is held 
on to the stone by means of a short handle and struck 
with a 17 lb. or 20 lb. hammer. 

Besides these tools just described, square blocking 
hammers 13 in. long <3} in. x 2} in., and 22} lb. in weight, 
are used for straightening the edge of the stone, and these in 
some cases are tapered on one side to 14 in. square for 
driving the small wedges before referred to. 

In quarries of softer material with more regular and 
uniform beds, where no blasting substance is required, the 
stone can sometimes be cut out to any given dimensions 
with small wedges about 4 lb. weight, holes for these being 
made with the ordinary quarry or rock picks. In others 
a double-ended drill about 6 ft. long and having a ball in 
the centre about 6 lb. weight, is used instead of a quarry 
pick, and a row of workmen stationed along the upper bed 
of the stone alternately raise and drop these on the same 
spot until holes from 1 in. to 3in. deep are made along the 
line marked off to be cut. Into these wedges, are driven 
to separate the stone from the rest of the bed. The beds 
in many sandstone quarries require little dressing, and the 

icks for scabbling are in general much lighter than those 
escribed, as the rock in the quarry we have named is 
among the hardest of its kind. 

The ordinary shovel in use on contractor’s work has the 
form of a shield about 14 in. X13 in. with a handle of ash 
2 ft. 6in. long, and it requires about fifteen shovelfuls to 
fill an ordinary wheelbarrow, of which there are about 
twelve to the cubic yard. If 4d. per cubic yard be taken 
asa price for filling earth, we have from 45 to 50 
shovels filled for every 1d. It requires a good deal of 
shovelling for a labourer to make a competence if he is 
paid by measurement at this rate. 

The spade on contractor’s work is almost exclusively 
used for cutting clay. It has a square mouth and is 13 in. 
long by 6 in. or 7 in. broad in the blade. 
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The wheelbarrow, we have reason to believe, is not a 
modern invention, as the use of wheels has been known 
to the Egyptians from the earliest In its present 
form, however, we have no reason to believe that it has 
been used for many centuries. Where slave labour could 
be employed, or when free labourers were cheap and abun- 

t, no necessity exi for economising t to the 
utmost, and we incline to believe that this important little 
vehicle has been reserved principally for these days of ex- 
cessive competition among contractors when low prices for 
heavy work have been pushed to their utmost extreme. A 


simpler or less expensive’ method of removing earth for a 


short distance it is difficult to. ine, the conditions beiag 
thes is should he proportionate in length between the bear- 





Special Plant.—Having described some of what may be 
denominated ‘‘ hand implements,’’ we come now to speak 
of oy lant. The following four items are from the 
A’ ater Works Extension : 

1. Centre for building the oe. 

2. Pug mill for mixing the elay. 

3. Plant required for the tunnel. 

4. Wooden pump specially constructed for drying filtered 
water lo 

Sketch of Aqueduct Centre.—First, aqueduct centre. 
The aqueduct was about 20 miles long, oval in form, 3 ft. 
9 in. high by 3 ft. 3 in. wide, having one ring of bricks 
6 in. thick all round. It was of the greatest consequence 
where such a length of brickwork had to be excavated 
with only a single brick ring that the centre should be 
easily set and struck, as a very short time was required for 
throwing the arch and backing it up with clay puddle on 
the haunches and earth on the top. For this purpose 














centres were constructed 10 ft. to 15 ft. long, with three or 
four ribs each, having a sole plate, with bearers under each 
rib. The upper or arch was hinged at the crown, and 
connected with the sole by a malleable iron plate 1} in. 
thick, having a shaft running the whole length of the centre 
fixed to the sole plate, and a pin 1 in. in diameter fastened to 
the lower bearer of the movable rib. To the square end of 
the shaft two levers were attached, by which the centre, en 
the removal of the wedges which kept the ribs to their 
roper width, was detached from the brickwork, and drawn 
orward another length by a hook attached to the front of 
a aie Second mill he cla 
ug Mill. — » pug mill for working the clay. 
As pure clay forthe reservoirs was not found in the dis- 
trict, but required to be brought from a distance at con- 
siderable mse, it was used very economically and mixed 
with clay of an inferior quality, and so thoroughly cut and 
watered that a reservoir formed"of a bank of vegetable soil 
and gravel with a wall of puddled clay in the centre 18in. 
thick, ott lakes me of 16 ft. $ Ry aw has shown 
no sign a ith an engine o orse power as 
much could be mixed as two al en into a wheel- 
barrow. Many different forms of clay mill are in use and 
a description of their peculiarities might be interesting, but 
as our will not permit we must refer you to the tracing, 
from which the details may be easily gathered. We may, 
however, remark that the employment of a pug mill in some 
form for the proper mixing of clay puddle, would at the 
same time make — work — far soy te yeas =e 
a large sa in the expense of reservoir em ents. 
Third. A moedal feature of the water works named 
is a tunnel about 790 yards long, through a very hard rock 
of the nature of whinstone, but having very few joints or 
and requiring immense labour to bore through. It 
was worked from both ends and two shafts sunk on either 
side of the summit. These were each about 100 ft. deep. 
A windi ine or hoist was erected at each shaft for the 
P lif the water and rubbish, and a fan attached 
or forcing pure air into the headings. The hoisting en- 
ines were of the ordi construction with two 6-in. cy- 
inders, one working a hemp, the other a wire rope for 
hoisting materials out of the shafts. Experience taught 
the comparative safety of the iron wire in com n with 
the hemp sega Ser this purpese, a0 om ene onensien the tes 
gave way without warning, — itati empty hu 
to the bottom of the shaft. No aaale threed of the ro 
was observed to have given way i » whereas t 


i i the : its outer wires 
proben long before twas ual for use. 
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Common wooden fans were used for forcing pure air into 
the headings, the air being conducted through wooden 
spouts from 4in. to 5in. square inside, in lengths of 10 ft. 
to 12ft., having one end py oy the other bell-mouthed, 
and the joints made with a little rope-yarn and clay. As 
eun-cotton principally wag used in the tunnel the smoke 
was not so dense as with gunpowder, but the effect in a 
confined place is much more injurious and generally gives 
a stranger a severe headache. 

The tunnel was straight. To set off the centre line and 
provide an easy method of testing its accuracy, a brick 
pillar was built on the summit and a plate with a screw for 
fastening a theodolite on it set on the top. From this 
station a good view of both shafts could be got, and two 
weights suspended on fine brass wires were hung down into 
the tunnel and steadied at the bottom in two buckets of 
water. From irregularities in the sides of the shafts these 
could be hung at the distance of 4ft. apart only. The line 
was produced on both sides from these wires and holes 
bored in the roof, in which plugs of wood were driven to 
which cords with weights attached were fastened, so that 
the viewers could at any time ascertain the centre of the 
tunnel at the face of the heading. When the two faces met 
the tunnel was found to be perfectly straight. 

Model of Pump.—About the time of the opening of these 
works a stone had accidently got below the large sluice in 
the filtered water well. To empty the well for the removal 
of the sluice a drain pump 6 in. in diameter, driven by a 
steam engine, was tried but found insufficient. A wooden 
pump, of which we have made a model, was then specially 
constructed for the purpose. It consists of an outer casi! 
15 in, square inside, with a wooden box 9 in. square an 
1} in. thick for a piston. A valve was placed as usual on 
both the outer casing and the piston. The displacement by 
the piston on the descending stroke caused the water to 
ascend through the valve in the ra and discharge 
through the opening on the side of the piston and pump 
casing, while in ascending the contents of the piston are 
discharged through the .same apertures. The valves are 
of the most simple construction, in fact, any of the ordinary 
forms of valve may be used. The pump was worked by six 
men, the lift being 5 ft., and it was calculated to discharge 
about 30 cubic feet per minute, or upwards of 11,000 gallons 
per hour. By means of this pump the well was dried to 
within 3 in. of the bottom without difficulty, which allowed 
the stone to be removed. This pump is well adapted for 
low lifts, but we are not sure that it would be suitable for 
more than 15 ft., although if it could be worked up to 20 ft. 
or 25 ft. it ?would be very valuable for emptying ships’ 
bee or similar purposes. It would certainly be worth a 
tri 


While on the subject of water works plant it may not be 
out of place to make a few remarks on shoring and strutting 
— cuttings, also on scaffolding. No matter in connexion 
with contractors’ work demands greater prudence and 
judgment than to know when and how to put in shores in 
dangerous cuttings, and very often great risks are run in 
the attempt to save a little timber and labour, when if the 
work is finished without accident all ends well, but if on 
the contrary, as is often the case, the sides of the cutting 
give way, far more money is spent than would have paid for 
the proper timbering of the work. It is impossible to lay 
down any definite rule on the subject from the variety of 
circumstances which present themselves, but it is too 
often the case that this part of the work is left to the fore- 
man of a gang, and being done according to no rule is often 
wr insecure. 

_ For narrow excavations, such as sewers, aqueducts, &c., 
in deep cuttings (say, over 15 ft.) in ground which is very 
loose, wet, or apt to slip from any other cause, it would be 
aigreat saving to have regular frames, say, from 12 ft. to 
15 ft. long and about 6 ft. deep, the one made to go easily 
inside the other, and being slightly tapered, the excavation 
could be conducted with perfect safety, while on the top of 
each frame a platform could be erected for throwing up the 
excavations in successive lifts to the surface of the ground. 
The cross struts being made movable the aqueduct could be 
built, or the pipes laid, and the sides pulled out singly as 
the catting is — filledin. Or, again, light H-iron posts 
in lengths of 6 ft., leaving the web partly open to allow of 
planks being passed through and the inner e grooved 
on the face so that the second post might slip into, and be 
held fast by the first, the third by the second, and so on, as 
many as may be required. ae could then be slipped 
down as the work proceeds, being laid close and uni- 
form, the pressure of the bank would be equally distributed 
along the whole, cross struts being put in where required. 
Many similar expedients could be resorted to, but the diffe- 
rent circumstances of each would require to be specially con- 
sidered as they presented themselves. For instance, a rail- 
way cutting in side-lying ground with very limited space on 
the upper side requiring to be supported by a —s wall 
presents a case requiring great care, especially if valuable 
property be near the upper side‘of the cutting, and requires 
tobe supported. The work may require to be executed in short 
lengths, or the whole wall built in the inside of a wooden 
framework strutted off the ground on the lower side, or 
sheet piling behind the proposed wall may have to be driven 
before the ground is broken. In any case the contractor 
will be cheaper in the end to expend a little more than he 
considers practically safe, as any alarm caused even by the 
most nervous individual yo the progress of the work 
may, however groundless, cost the contractor far more than 
very substantial shoring, not to mention the trouble and 
delay consequent on such interruptions. 

(To be continued.) 








Victortan Rartways.—A line from Ararat to Stawell 
has been completed to within a mile of the Stawell station 


In about two months the line will be com through to 
the town. The line has been alread cpanga traffic 
as it has been finished. . ogy oo 





THE CAPACITY OF ROLLING STOCK, 

At the meeting of the Institution of Civil Engineers held 
on |the 9th inst., the second paper read was on ‘‘ Railway 
Rolling Stock Capacity, in relation to the Dead Weight of 
Vehicles,”’ by Mr. W. A. Adams, Assoc. Inst. C.E. 

Forty years ago the travelling carriage accommodating 
four persons inside, hung on C-springs, and ing on a 
heavy under carriage, weighed of 14 tons ; but the 
improvements made since then had resulted in the construc- 
tion of broughams giving the same accommodation and leg 
room, and weighing only 6 cwt. 1 qr. When railways were 
first opened freight vehicles were fitted with buffing and 
drawing springs , but the types had mally increased in 
dead weight, the use of spring ers been discon- 
tinued in coal and mineral wagons, and the increased dead 
weight necessitated heavier locomotives, heavier roads, and 
heavier repairs. In order to have a wagon economical in 
first cost and in cost of repair, extending over terms of 
years, the author had departed from the ordi of 
construction, introducing plank bodies, all the soles and 
headstocks being of sound, straight English oak, cross- 
beams of the same, the diagonals and longitudinals of fir, 
and the frame held together by longitudinal and cross tie- 
rods. The floors were of fir, and to increase the rigidity of 
the frame the floor boards were laid longitudinally, rebati 
on to the headstocks flush with the top of the soles an 
headstocks, and spiking firmly to the flat diagonals. The 
frame thus panelled was practically solid. This type tared 
under 3 tons 5 cwt., the wagons of other builders tared about 
8 tons 15 cwt., the difference in weight representing a 
difference in cost. They were not, however, approved by 
the railway companies, whose varied and conflicting 
tions all tended to enforce greater dead weight. 

On the Midland Railway there was a large traffic in beer 
in barrels, and the 6-ton wagons did not convey more than 
3 tons. Most of the wagons worked back empty, so that 
the Midland Company in their beer trade carried, full and 
empty, 12 tons 8 cwt. of dead weight for every 3 tons of 
paying load, receiving payment for less than one-fourth of 
all they moved. On the Great Western Railway, 8 tons of 
pa: ing load were carried upon wheels and axles weighi 
1 oa ewt. 2 qrs. ; on the North-Eastern the same 
was carried on wheels and axles 

iving a difference of 7 cwt. 2 qr. in wheels and axles alone. 
On the.same sidings on the | alk and North-Western 
Railway, the coal wagons J. S. Claye (3320) and the 
Gloucester Wagon Company (6593) conveyed the one 1 ton 
9 cwt. 3 qrs. per ton‘ of weight, and the other 
2 tons 7 ewt. per ton of dead weight. the Midland Rail- 
way, the difference of tare between the present ms and 
those built twenty years ago by the author, was 16 cwt.; 
and presuming that one hundred wagons each worked, full 
and empty, 200 miles per week, the company had contracted 
to convey, free of charge for the life of the Me oy extend- 
ing probably over twenty mm an excess of ,000 tons 
per year for one mile. e Orleans Railway of France 
adopted in all cases a capacity of 10 tons, thereby effecting 
a large saving in siding and wharfage accommodation. 
The author was of opinion that the American eight-wheel 
bogie car was not favourable to a low dead weight, and in 
practice nearly all the coal mined in Pennsylvania was con- 
veyed in four-wheel fwagons. The slate wagons, on the 
Festiniog Railway, did not usually load beyond 3 tons to 
34 tons of slate, and the coal wagons beyond 4 tons to 
4% tons of coal ; but the proportion of{paying to dead weight 
was more economical than any other railway. If 3 tons of 
paying weight to 1 ton of dead weight could be carried upon 
so inconvenient a gauge as 2 ft., as good results should be 
looked for on the 4 ft. 8} in. gauge. 


FOREIGN AND COLONIAL NOTES. 
Locomotive Performance on the Illinois Central.—The 
Illinois Central Railroad Company owns 202 locomotives. 
In the “course of last year five new coal-burning freight 
engines were purchased from the Brooks Locomotive 
Works at Dunkirk, New York ; three switching en 
each with six-coupled drivers, built by the Henckley - 
motive Works, were bought second-hand. In the 
course of last year 13 engines were rebuilt, 18 received 
thorough repairs, and 77 were gi repaired. Of the 
13 engines re-built last year, nine received entirely new 
boilers. The aggregate distance run last year by engines 
with passenger trains was 1,478,191 miles; with’ freight 
trains, 3,179,753 miles; with construction trains, 54,101 
miles ; and in switching, 907,396 miles; making an aggre- 
gate of 5,619,441 miles. The quantity of cotton waste 
used during the year was 54,983 lb. ; of oil, 45,672 gallons ; 
of wood, 4144 cords; and of coal and coke, 157,029 tons. 
The total cost of the ‘‘loco.”’ d ment last year—includ- 
ing repairs, fuel, wages of engineers and firemen, waste, 
ow, oil, and cleaning—was 1,100,795 dols., or as nearly 

as possible 194 cents per train mile run. 

Steamers for South Australia.—Captain McCoy has 
visited land for the purpose of ord two steamers 
for the Adelaide Steamship pty no steamers will 
be of 400 tons en each, and their speed is expected to 
average 13 knots per Hour. The company is also endeavour- 
ing to raise some of its capital in England. 

Coal — on the Central of New Jersey.—The move- 
ment of over the Cential Ruilroad of New Jersey has 
very greatly i late years. In 1856 this coal 
movement amounted to 131, tons. In 1866 it had 

to 1,289,249 tons. In 1870 it had further 
fo 2,052,1) 
tons. 





84 tons ; and, in 1875, it had risen to 2,608,331 


The Sues Canal.—The revenue of the Suez Canal is still 
extending. In the first three months of 1876, the receipts 
were 333,7911., inst 328,5131. in the correspot 
of 1875, and 3697851. in the ag 1874. 
The number of vessels which through the canal in 
the first quarter of this year was 421, as compared with 455 


wages 1 ton 16 cwt., | Pra: 


ed | on the part of Tasmania in the ma’ 





in Ge commnenre riod of 1875, and 331 in the corre- 
sponding period of 1874. 


Spontaneous Coal Combustion.—A list of 196 disasters 
to sea-going vessels from fire in coal bunkers, or in cargoes 
of bituminous coal, has been published as — 
tad October, 1869, and Detenien, See All = 
vessels were many destrayed. Ap- 
pended to the list is a record from Lloyd’s of 65 saili 
vessels and four steamers loaded with coal, which were re- 
ported missing between July 1, 1873, and February 1, 1876. 

Coal Wealth of Pennsylvania.— lyania has 470 
square miles of coal. It is estimated that 13,180,538,000 
tons of anthracite coal can be marketed from this area. 
The te deliveries to the close of 1870 were 
206,666, tons, so that at present Pennsylvania can be 
said to have only just tapped her coal wealth. 

Utilisation of Coal Dirt.—An experiment made the 
Philadelphia and Reading Railroad Company of Pew 
dust as a steam generating fuel a) to have been entirely 
successful, It was first applied to stationary engines, a 
it was then shown that a ton of coal dust made more steam 
than a ton of coal. The new fuel was then tried one 
of the company’s locomotives with equally sati 'y re- 
sults. The fuel is composed of 94 per cent. of anthracite coal 
dust, and 5 per cent. of clay, with a small amount of ad- 
hesive mixture. The fuel is shown at the Centennial Ex- 
— in a large iron pavilion erected near the Machinery 


Antipodean Telegraphy.—Since the successful openi of 
telegraphic communication between New South Wales and 
New and, Western Australia has become the 
member of the Australasian group of colonies not partici- 
pating in the benefits of the South Australasian telegraphic 
system. A wire is, however, in course of erection between 

delaide and Perth, Western Australia, and this will 
complete the overland system of Australian telegraphs for 
the present. . 


The Belgian Coal Trade.—The general as of the 
Belgian coal basins has not experienced much c The 
extraction has been reduced so as to check an accumulation 
of stocks ; but, nevertheless, prices continue at a low level. 

nce still remains the best external client of Belgium in 
the matter of coal. 


A Large Black Diamond.—The Philadelphia and Read- 


ing Coal and Iron Company has raised from its Knicker- 
bocker Colliery the largest piece of anthracite coal 
shipped in a single lump. It is to be shown at the - 
tennial Exhibition, weighs fully 20 tons. 
extracted from the bottom bench of the Mammoth vein, 
and measures 5 ft. in breadth, 54 ft. in height, and 8} ft. 
in length. 

Coal in Queensland.—The working of coal is making 
progress near Rockhampton, Queensland, and especially in 
the neighbourhood of Ipswich, where several new seams are 
being opened out. The management of the Waterstown 
pine, vy —_ mapas a nei we - 

. Moffat. e present w are a a a 
mile from the river in a di line, and tramways for con- 
veying the coal to punts are in course of construction. The 
coal presents an excellent appearance, and it is considered 
to equal the best Welsh coal for its steam guneniing 
properties. A daily output of 25 tons has now been attained, 
and additional drives now in p’ will enable the com- 
pany to increase the production to about 300 tons per week. 

Belgian Enterprise in South Africa.—We learn . that 
MM. oe engineer of the- Cockerill at 
Liége, and Estourgis, of the Brussels Observatory, have 
left Belgium for the Transvaal Republic, where they pro- 
pose to to engage in mineralogical explorations. 

Rails in France.—The present price of cast steel rails 
in France is about 91. 16s. per ton. The rates for iron raile 
range from 81. 16s. to 101. per ton, 


—— Coal Exports.—In January and Fe this 
year ium exported 603,000 tons of coal, i 1,000 
tons in the corresponding period of 1875, and 421,000 tons 


in the eepepeing weed of 1874. In these totals the 
exports of coal to figured for 581,000 tons, 538,000 
tons, and 399,000 tons respectively. 
ney Becpeny yescames 10" kecestivon a dae 
mpany possesses locomotives, pas- 
senger and cars, and 3060 freight cars. The con- 
sumption of fuel by the a ines last year 
amounted to 148,877 tons of and 7137 cords of wood 
at a cost of 475 dols. per ton of coal and 6.50 dols. per 
for wood. The increase in the consumption of fuel in 1) 
as compared with 1874, was 313,640 tons of coal and 
cords of wood. 
Tasmanian Tin.—The tin mines of Tasmania 
tracting a considerable amount of attention not onl, 
Australasian colonies, but also in 


Per 


are at- 
in the 


examined the deposits” 
neighbourhood. Should Mr. Mufford’s rep< 
able, his principals, who are large capi 

invest lnoguly in the mining opeetene & Tasmania. It is 
expected that the poosiet yer Soe oaen® Gree siegeee 


ing January and Fe 


ore were purchased in Launceston at a cost of nearly 30001. ; 


a good deal of ore was also sent to Hobarton. 

American Anthracite.—It is estimated that the quantity 
of Pennsylvanian anthracite coal consumed last year was 
20,000,000 tons. The a consumption in 1870 
was 15,113,407 tons ; in 1860, 8,513,123 tons; in 1850, 
3,242,766 tons ; and in 1840, 864,379 tons, 
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_ _ | be better understood after a visit to the Philadelphia | European practice ; rti ked out 
Ce  RLMUaTE ee Exhibition than: ever before. .We are canae at proved, aad ied, wikoh seams: satouishi yee 


Intropuctory Notice, 

Berore entering upon an intended report of the 
machines, tools, and labour-saving implements to 
be exhibited in Philadelphia during the coming 
summer, it is thought that some preliminary re- 
marks upon what is peculiar in American engineer- 
ing practice and the causes which have produced 
what is typical in that practice, will be of use to 
foreign visitors. In examining an exhibition of this 
kind, as the experience of many can prove, there is 
considerable time lost by not being in some degree 
prepared to judge of whatis seen. To make proper 
estimates and draw true conclusions in such cases, 
it is necessary to have | Sree given some study 
to what may be called the local conditions under 
which the things which are exhibited have been 
produced. In this day no other than a comprehensive 
view, broader than their own country and practice, 
must be reached by engineers. There is with every 
one far too great a tendency to estimate the value of 
whatever is new by how much it differs from their 
own experience and preconceived opinions, and in 
the approaching as in former exhibitions the value of 
the lessons afforded must depend upon how carefully 
we examine and how well we understand what is 
exhibited. 

To form an opinion of what is novel or peculiar 
in the engineering practice of America, without at 
the same time considering the economical conditions 
which modify that practice, is to lose the greater 
part of what should be the object of a visit there, 
and it is with a view to directing attention to this 
matter that we propose in the present article 
to say something of local circumstances in America, 
In the present, much more than with previous 
exhibitions, will be felt the want of some attention 
having been given to this matter. In England, 
France, and Austria, European visitors had the 
advantage of a tolerably clear understanding of 
the wants to be supplied by the articles of 
industry which were exhibited, but in the present 
case there will be comparatively little of such in- 
formation. American products which find their 
way to —— are either such as have general 
adaptation or have been modified to suit our markets, 
but the home demand which determines the character 
of nearly everything produced in America is, as be- 
fore said, but imperfectly understood in Europe. 

This difficulty must in some degree apply to our 
own reports, but believing that the Exhibition will 
be especially fertile in what is interesting and use- 
ful to the mechanical engineer, we shall avail our- 
selves of every attainable means to present a fair 
and impartial account of the sections which can be 
classed under the head of engineering machines, 
tools, and appliances, In our criticisms it would be 
folly to claim immunity from errors of judgment; 
it is, however, asked that they be considered candid 
and impartial. There are perhaps in the case of the 
present Exhibition fewer economic reasons for hold- 
ing it, than with any one which has preceded it. 
There are in fact good arguments to show that in 
addition to the expense which is sure to fall on 
the country some disadvantages to manufactur- 
ing interests may be expected. Of this matter, so 
far as America is concerned, we are not at this time 
disposed to form an opinion, but taking a broader 
view, there can scarcely be a doubt of the general 
good which will result from such an enterprise. 

e large number of American machines and in- 
ventions which during twenty years t have 
found their way to Europe, and especially to this 
country, is of itself enough to show the interest 
which will be felt by our engineers and manufac- 
turers in seeing so great a collection of industrial 
appliances as may be ex at Philadelphia. 

This interest, which is in our own country pro- 
moted by an extensive trade and our nat rela- 
tions to the United States, exists as well in many 
of the Continent, because of American prece- 

ents being followed in engineering practice. It is 
futile to expect that our own practice in a country 
rich, densely populated, and eminently conservative, 
can pass without modification to the colonies, where 
circumstances exist in many respects analogous to 
those in America. It is but natural that’ when 
Englishmen leave théir own to settle in a new and 
undeveloped country, the sequences which follow will 
be much the same when natural conditions are alike, 
and we venture the opinion that the wants of our 
colonies in Australia, New Zealand, and Africa, not 
to mention our dependencies in North America, will 





the machines, tools, and of. manufacture ; 
but the remark may be equally applicable to various 


branches of industry which cannot be classed under | be 


this head. We have seen in many branches of in- 
dustry that the Americans, competing with more 
expensive labour, and with several thousand miles 
of iage against them, have forced, as we may 
call it, their goods into Europe.. In some cases 
this has been enabled by superior natural resources 
for material, such as wood, but in most cases be- 
cause of improved labour-saving machines and pro- 
cesses. We will not here point out any such manu- 
factures, as they will again be alluded to in 
subsequent articles ; but we will invite attention to 
the fact that in supplying our colonies the three 
to four thousand miles of transit, which acts as a 
barrier to American products in E , will not 
apply to the markets of the West, and that. there 
must be a constant and careful adaptation of our 
engineering products to special requirements, or 
else much of our colonial trade will go to America. 

Every year mercantile connexions become weaker, 
that is, customers are continually becoming: more 
intelligent and critical. The power of centralised 
capital and prestige avail much it is true, but we 
scarce need to point out that price and adaptation 
are becoming greater considerations, and for .this 
reason we cannot afford to neglect the lesson which 
the Exhibition at Philadelphia may afford. With 
this much in a general way of the importance of the 
Philadelphia Exhibition, we will now proceed to 
point out some of the peculiarities of American 
engineering practice, and in doing so we must re- 
mind our readers of the difficulty in treating this 
subject in advance. The reasons for this course 
have already been given, and it is believed will 
prove correct in subsequent experience. Our re- 
marks, we need hardly say, must apply especially to 
American practice of the. past. e Philadelphia 
Exhibition will no doubt show a decrease rather 
than an increase of some of the peculiarities to be 
pointed out. 

Among the characteristics of American machines 
and tools, a foremost place must. be given to a bold- 
ness of design and a disregard of precedents. The 
implements of manufacture employed in Europe 
nearly always bear some trace of the hand pro- 
cesses which have been: su 
to adapt old means to new ends; established modes 
are abandoned with reluctance and new ones adopted 
with distrust, In America, on the contrary, there 
is little or no regard paid to established modes of 
operating, a plan wholly new is in most cases pre- 
ferred to an old one, or to an improvement; pre- 
cedents are regarded with distrust, because progress 
is marked by change, and chan 
America which cause people to it ; hence the 
boldness of attempts which sometimes end in success 
sometimes in failure, in either case the theory is, there 
has been a gain, This feature of American practice 
we venture toyname as the most prominent; one 
which gives such scope to inventive talent; and has 
been mainly'the cause of those numerous innovations 
which follow. one upon the other so fast, that a con- 
tinual vigilanee is required to keep informed in 
American-engineering progress. ‘This same cause, 
while its effects have for the most partbeen beneficial, 
has nevertheless tended to a distrust of the changes 
and improvements produced. Upon the whole, 
however, the good has greatly predominated over the 
bad; even failures teach useful lessons, and the 
ultimate effect of American innovations upon 
European manufactures is much more extended 
than is generally supposed, 

Another characteristic of American practice is a 
frequent want in machines and tools of the propor- 
tions which scientific data furnish, There are ex- 
ceptions it is true, and many of them, but generally 
speaking the tools and implements show unmis- 
takable evidence of experimental development. In 
the framing of machines, strains are often dis- 
regarded, and there seems to be an effort to follow 
deviating and crooked lines when both use and 
harmony require straight lines. We are not speak- 
‘ing of the ornamental part, which will be noticed 
hereafter, but of expedients such as should be 
modified by the operative functions of machinery. 

In cases where there has been an application of true 
theory to practice, such application has been cha- 
racterised by the same bol and independence 
of precedent which mark general designs. If strains 
or other operative conditions are taken into account 
there is an adaptation which exceeds anything in 
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applied, which seem astonishing to our 
engineers, and yet nevertheless are correct. Some ex- 
amples of the kind, such as brackets for shafts, will 
_Teferred to in the main part of our report, The 
object here is mainly to explain how much farther 
practical experiments are relied upon in America 
than in Europe, and consequently how much extra 
and often useless labour and expense are bestowed 
upon plans and expedients, The results reached are 
practical and good; but generally there remains 
something in each machine to indicate how far 
tedious experiment has been relied upon. At this 
time and for several years past, considerable atten- 
tion has been given in the United States to theore- 
tical training, and while such training can advance 
only as fast as general education, of which it forms a 
part, it is easy to foresee a time when constructive 
engineering in America will have all the aids which 
now exist in Europe, - 

A third characteristic of American machines and 
tools is the economy displayed in their production, 
and the low price at which they can bé sold. This 
subject and the conditions connected with it would 
comprehend an economic review of the whole system 
of manufacture, and is not to be entered upon here 
further than to mention the types which such a 
struggle after cheapness produces. 

The cheap character of their machinery more 
than any other feature has led to adverse criticisms 
and opinions of American practice, In Euro 
cheap forms of construction are very regularly 
construed as an evidence of a want of skill; 
an inference which is to be expected on the part 
of those who are unacquainted with the different 
circumstances which control such manufactures 
in the United States. That a cheap form of con- 
struction may indicate a low degree of skill is true, 
and cheapness is generally one characteristic of un- 
skilled effort; but if in American practice We separate 
a want of durability and strength into two parts, one 
the result of ignorance, and the other a sequence 
of the market, and a result of competition, the first 
cause will be found a trifling one in comparison. 
That those who are now engaged in the manufacture 
of cheap machines and tools can as well make work 
which will be durable and strong, is by no means 
contended, but if there was a market fer better ma- 
chines and tools, and the circumstarces of the count 
demanded them, skill required for such better wor 
would not long be wanting; of this there are so 
many proofs that they scarcely need be pointed out. 
We will mention only the manufacture of small- 
arms and watches, in which the implements em- 
ployed have attained such excellence that a con- 
siderable and increasing demand exists for them in 
foreign countries. 

Ingenuity as an element in American machine 
tools is or is not a characteristic according to the mode 
in which this feature is estimated, In a general 
sense, and ap lied to the whole F srt ingenious 
scheming holds a high rank in America; in nearly 
mh expedient will be found some trace of that 
faculty which is somewhat vaguely defined as 
ingenuity, but if we are to judge by special examples, 
we incline to the opinion that several nations in 
Europe exceed the Americans, 

In America everything must be practical, there 
must be some object fixed in view, and such an 
object must not be a distant ,one, hence there is 
but little chance of any one devoting time and effort 
to ingenious contrivances as is often done in Europe, 
Time is too valuable, and the bent of mind does 
not accord with slow and careful effort; one or two 
failures will be borne and remedied, but a third will 
lead to casting the whole matter aside, and taking 
up some new scheme which promises an earlier 
result, 

The Americans are not ingenious, therefore, 
except in a general and practical sense; they produce 
but few things which do not show some ingeniuty, 
and scarely ever anything of extreme ingenuity. 
Facts to prove this need scarcely be referred to, 
nearly every museum in Europe contains examples 
of patient ingenuity in mechanism, for which there 
are no parallels in America, and it is, perhaps, best 
that there never should be ; such works, estimated 
by modern standards, show in most cases —— 
an application of misspent time and effort. ‘They 
stand as a record of a kind of leisure which can only 
exist where there is a great inequality of human 
conditions. : 

Ornament as a characteristic of engineering 
practice in America, is one of which it is hard to 
speak comparatively. It is a peculiarity almost 
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wholly their own, and it is extremely difficult to 
understand how among a people so practical in 
most things, there is maintained a tolerance of the 

tesque ornaments and gaudy colours, which as a 
rule rather than an exception distinguish American 
machines. There is something so anomalous in 
attempting to ornament a machine which is to be 
covered with grease and dirt and operate where no 
one cares for or ever notices decoration, that the 
practice must do much to hide good qualities when 
they exist. 

Perhaps machine ornamentation in America is 
induced by the effect produced upon the unskilled ; 
if so, it is no compliment to the general intelli- 
gence of those who purchase machines. It is, in 
fact, one of those things for which a reason seems 
wanting. In England, where machine ornamenta- 
tion is deprecated, ornamented posters even of 
railway lines appeal to a kind of credulity which 

eople in the North of Europe cannot understand. 
here is, as before said, no rational way of account- 
ing for this decoration of machines and tools, and 
it is to be hoped that the custom will soon be aban- 
doned, Some further notice of the matter will be 
made in other places, and also of the strict avoidance 
of everythin, fike decoration by some of the best 
engineering s in America. 
stly we come to speak of workmanship as a 
characteristic of American practice throughout the 
country, but in our remarks upon this we must 
except what is called ‘locomotive work,” which as 
a rule is as well performed in America as anywhere 
in the world, both as to the quality of the fitting 
and the work processes also, some of which are very 
ingenious and in advance of European practice. In 
general, however, workmanship in America is a 
strange mixture of the most accurate and the most 
imperfect fitting which can be seen anywhere in the 
world, This diversity of the quality of fitting is 
such that it is a matter of great difficulty for one not 
experienced in American affairs to understand how 
in two works, perhaps within a few minutes’ walk 
of each other, there may be produced work so 
different as to serve as examples of practice sepa- 
rated by fifty years of progress. 

In Europe generally, but in England especially, 
the tendency is to a uniform standard of fitting, 
and so far has this been attained that there is but 
a fraction of the diversity which exists in America. 
Machine tools for metal and wood, steam engines of 
certain classes—portable engines, for example— 
indeed almost any branch of work which can be 
named, is in England produced, as before said, with 
considerable uniformity as to the quality of fitting ; 
ten per cent. of variation in price will no doubt 
represent the extreme difference, while in America 
this difference, leaving out the value of material, 
willin many cases be thirty-three per cent, or one- 
third the whole value of a machine. 

The reasons for this diversity will hereafter be 
farther explained ; at present it may be remarked 
that to construe this difference of quality as a result 
of more or less skill in those who produce machines 
and tools would be to make a mistake. A fairer 
treatment of the matter is to accord considerable 
ingenuity and skill to those who can so readily adapt 
their products to the wants of a diversified demand. 
There is an old saying that “‘ any one can do a good 
job if time and money are not reckoned,” and the 
truth of this proverb as well as its corollary ‘‘ that 
the highest skill is often demanded in the cheapest 
production,” should be continually before an observer 
in America, There is no intent here to excuse im- 

erfect work, nor to apologise for what is really 

d in American practice, but at the same time there 
is no other point in connexion with such practice 
that demands more caution and careful consider- 
ation than what is called their cheap production. 


Referring for an example to the American rail- 
ways, they furnish a good illustration of skill in 
cheap prodaction, In Europe the abilities of a 
railway engineer are generally measured by the 
ay eer and permanence of what he constructs. 
n America the same ability is oftener measured by 
how much can be produced with a given amount of 
money, ‘The same rule applies in many respects to 
the manufacture of machines and tools, and is the 
legitimate result of economic conditions in the 
country which a casual visitor cannot well see nor 
understand, 





Nova ScoTran Coat.—Nothing of any consequence has 
teen doing in Nova Scotian coal at Boston, and navigation 
is still closed at Picton. Some contracts for Canada have 
be on concluded at 1.75 dols. per ton gold, 








AUTOMATIC BLOCK SIGNALS FOR 
RAILWAY TRAFFIC. 

Tue engine drivers on many lines in the United 
States have not as a rule hitherto had occasion to 
trouble their minds about signals and signal-posts. 
In the majority of instances the driver takes his orders 
from the station agent, and makes a clean run to the 
point indicated as his next stopping-place. The 
introduction of a system of signals is therefore 
comparatively an easy question, attended with but 
two considerations—efliciency and cost. 

At the New York Central Railway station it has 
been found necessary to seek the aid of signals, and 
an automatic system, patented by Mr. David 
Rousseau, of New York, has now been in operation 
over a section of some three miles for some eighteen 
months, and is stated to have been attended with 
such perfect success that the whole line to Albany— 
some 150 miles—is now being equipped with it. 
The New York and Newhaven Railway, the Harlem 
line, and the Philadelphia, Wilmington, and Balti- 
more lines are also about to be fitted up with it. 

The motive power employed is electro-mecha- 
nical. The line is plotted out into sections accord- 
ing to the amount of traffic to be worked 
over it, At the extremities of these sections 
signals are erected for both up and down trains, 
or for the respective lines where double roads 
exist. Let A, B, C (Fig. 1), be three signal - 
having between them two sections AB, BC. A 
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train leaves Ain the direction of C. On passing 
the point a, immediately in front of the signal-post, 
it turns the signal A to “‘ danger,” and on passing 
over 4 it places that at B also at “danger.” Arrived 
at a!, it restores signal A to “ clear,” and passing on 
to ¢ it places C at ‘* danger,” releasing B only on its 
arrival at the point 4!, in advance of the signal C. 
Thus the train is always protected by one, and at 
times by two, danger signals in its rear. On single 
lines the system is applicable to blocking in advance 
of the train as well as in its rear so as to protect it 
from meeting as well as from following trains. 

This is effectedby means of an electrical commu- 
tator or closing key placed beneath a section of the 
rail over which the train has to travel; an electro- 
mechanical signal, and the wires necessary to connect 
them. There are other adjuncts to which reference 
will be made hereafter. 

Figs. 2 and 3 are outside representations of the 
line signals. A is an immovable shield some 3 ft. in 
diameter, that is from edge to edge, encircling a 
box or case B, some 22 in, in breadth, 30 in. in 
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height, and 22 in. in depth, Within this box is 
ray the electro-mechanical arrangement shown in 

ig. 4, the disc of which forms the active portion of 
the signal. ‘The shield A is coloured white on both 
sides; the lamp C is shown at the back of the box 
B. D isa circular aperture 18 in. in diameter, pro- 
tected with glass. The back of the box is also 
similarly provided, so that when the dise D D, Fig. 4, 
is in position parallel with the face of the signal 
the aperture is filled up, and the front presents a red 
dise within a white circle. But when the disc D D 
takes up a position across the front of the signal, 
its edge only is visible, and the circular aperture D 
then appears vacant, or as forming a white centre. 
The centre of the disc D D is formed of a piece of 
red glass, and the signals presented to the engine- 
driver are therefore : 


Day. iit Night. 
Red dise wi : 
Danger { white shield. Red light. 
All clear White disc White light. 


Proceeding now to the electrical portion we will 
first take Fig. 4, which, as has been stated, is that 
34 enclosed in the box B on the signal-post. 

D is a broad circle of metal painted red, enclosing 
a disc of the same coloured glass, fixed on a shaft 
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rotatedin onedirection by the wheeled gearing below, 
and which in its turn is propelled by the weight E. 
Fixed to the shaft carrying the disc are four arms 
IF", F*, F*, F+, having downward projections or pins. 
G is an electro-magnet fixed to the framework H, 
the armature K of which is fitted with a stop-block, 
so that when the electo-magnet is not in action and 
the armature at rest, the stop-block may catch the 
projections F and prevent the rotation of the disc 
which would otherwise take place under the in- 
fluence of the weight E. Attached to the shaft just 
below the point at which the arms F are fixed is a 
metal cam having two metal studs, being in metallic 
contact with the whole framework ; and to a circular 
stage I are fixed two insulated metal springs, in such 
a position that when the signal disc D D stands at 
i — # one of the springs shall be in contact with 
one of the studs whilst the other is free, and when 
the signal is at ‘“‘ clear” the other spring shall be in 
contact with the other stud. We will term one of 
these—the former—the ‘ clear” spring, and the 
other—thelatter—the ‘‘danger” spring, because they 
are connected with the wires leading to the com- 
mutators whose duty it is to transmit those si . 
It will, from what has been said, be unde that 
the signal disc is, under the influence of the weight 
and at the will of the armature, allowed to revolve 
in quarter gradations ; that when it is at ‘‘ danger” 
the line wire leading to the commutator for giving 
the “clear” signal is in circuit with the electro- 





magnet, and that when the disc is at “clear,” the line 
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ire leading to the commutator for giving the 
py daeal is in circuit with the coils, the re- 
maining spring in each case being left disconnected. 
It is important, however, to notice that immediately 
the coils are brought into action and the armature 
stop-piece withdrawn, so as to allow the disc to 
rotate, the stud on the cam 8 away from the 
spring and breaks the electric circuit for the signal 
in being formed, so that between the commence- 
ment and completion of its quarter movement the 
two springs referred to are disconnected. During 
this interval, however, two other springs, not shown 
in the figure, are brought together by means of a 
piece of ebonite fixed to the shaft, which is made to 
press against them when the disc is midway in its 
quarter revolution, By the aid of this arrangement 
the movement of the signal may be repeated to any 
given point, or the springs may be used for other 
purposes, as for locking. gates, crossing points, 
signals, &c. The action of this portion of the ap- 
paratus depends primarily upon the weight. If it 
were not wound up at certain periods the motive 
power would be gone and the signal would cease to 
rotate. This is said to be got over by having the 
post a sufficient height to admit of the due action of 
the weight for some twenty hours, within which the 
signalman must attend the signal in order to fix the 
lamp for the night signals. He is unable to do this 
until the weight has been wound up, when it un- 
locks the door for the lamp. 

Fig. 7 represents a vertical central section of 
the commutator, or circuit-closer, in its normal 
condition, or with the circuit open. Fig. 8 is a 
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similar section with the circuit closed. A repre- 
S2:nts a portion of the railroad metal and B a 
metal plate in contact with it and upon which 
it rests. C is a hollow cushion of india-rubber, 
flanged at its upper and lower ends, and held in 
its vom by the bedplate D and check screws E and 
G, between which and the flange of the cushion is 
a washer d. H is a metal tube in connexion with 
the plate B, carrying within it a hollow plate 4, 
which is in metallic connexion with the body of the 
tube ; i is a screw ring of india-rubber, and j a disc 
of the same material upon which rests the rod I to 
which is attached the line wire F. Within the 
hollow plate 4 is fitted an india-rubber washer, and 
resting upon the rubber ring i are two semicircular 
pieces of metal / pressed firmly against the pin I by 
the rubber ring with which they are packed. ‘These 
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and the arrangement is such that the pin I shall be 
free to pass through £, but that the friction of the 
metal plates /, caused by the action of the india- 
rubber ring which presses them closely upon I, 
shall be such as to enable the latter to carry them 
along with it, or to keep them stationary whilst 
the plate 4 descends upon them. When this is the 
case the connexion between the line wire F and the 
earth, by way of the tube H, the metal ae B, and 
the rail is established and the electri circuit 
completed. 

The battery power is kept at the stations or inter- 
mediate signal-boxes, and conducted to the various 
circuit-closers by a wire devoted to that purpose. 

We will now trace the course of a train through 
the two sections AB, BC (Fig. 1). Commutators 
or ‘‘ circuit-closers” are fixed at a, 4, a', c, and 4’. 
Wires are carried from these as follows: from a to 
the “‘ danger” spring (Fig. 4) of the signal A, from 
6 and c to the same springs of signals B C re- 
spectively ; and from a’ and d' to the “clear” springs 
of the signals A, B. The train now passes over 
that portion of the rail above the commutator a, 
and by its weight completes the electrical circuit 
between 4 and i (Figs. 7 and 8). The current now 
flows from the battery through the coils G (Fig. 4), 
through the iron frame H to the ‘“ danger” spring, 
to the line wire, and so through the commutator 
(Figs. 7 and 8) to earth. The armature K (Fig. 4) 
is attracted, the pendent arm F’ is released, and 
under the influence of the weight E, the disc is put 
in motion in the direction indicated by the arrow. 
No sooner, however, does this motion take place 
and the pendent arm F’ passes the catch piece of the 
armature K than the ‘‘ danger” spring becomes free 
of the stud on the cam below the junction of the 
four arms F, and the line wire in connexion with 
the commutator a is no longer in circuit with the 
coils G, but they are now connected by the “clear” 
spring, with the line wire communicating with the 
commutator at a', as shown symbolically in Figs, 
5 and 6. The disc has passed through a quarter 
revolution, and it now fills the aperture D (Fig. 2) 
forming a “danger” signal. We now pass on to 
commutator 4 where the signal B is similarly set at 
danger. Ata given <listance beyond this signal we 
come upon commutator a’, and now another current 
passes from the battery through the coils of the 
signal A and through the ‘‘clear” contact to the 
line wire, and so on to the earth ata’. The pendent 
arm F? igs here released and the disc. commences to 
revolve ; the line wire a‘ is now in its turn discon- 
nected and the disc D D (Fig. 4) is brought to a stand 
with its edge towards the aperture D (Fig. 2), giving 
a ‘‘clear” signal and restoring the electrical circuit 
once more with the commutator a, in readiness for 
a following train to actuate it at that point. When 
the train reaches c it places the signal C at ‘‘danger,” 
and on its reaching d' signal B is released to “ all 
clear.” 

Other combinations are interwoven with the 
action of the signals by means of which, where 
necessary, the movement of the signal is repeated or 
recorded in the adjoining signal-box or station upon 
a bell (Fig. 9), having a travelling hammer which is 








made to strike a bell of a certain tone for the ‘ clear” 
signal, and a bell of a different tone, fixed on the 
opposite side for a ‘‘ block” signal, the hammer re- 
maining in such position till reversed by a following 
current; the currents in all cases being alternately 
to the * block” and “clear” sides, ‘The signal discs 
can also be operated from signal-boxes or other posi- 
ticns by keys or pressers fitted for that purpose. 
Modifications for locking road crossings, crossing 

ints, and si in connexion therewith, or for 
ocking bridges, are also applicable. 

From the fact that this system of signals is ‘now 
being extended over a considerable extent of line, 


pieces are fitted with contact studs, | it may be concluded that the experience gained of it 


during the eighteen months’ ical trial which it 
has undergone at the New York Central Depét has 
been in every way satisfactory. A set of the signals 
is now on view in Mr, Pullman’s offices at the 
St. Pancras Station, where further details may be 
obtained. The inventor is naturally desirous to 
establish it upon some of our English lines, but in 
this we fear he will meet with many difficulties. So 
far as established railways are concerned, the form 
of signal in use, and which is now almost universally 
that of the lide 4% type, would in itself prove 
one obstacle. It is evident the system is only 
applicable to signals which can be enclosed in a 
case, and although it is quite possible for a semaphore 
arm to be so enclosed, and if necessary made to re- 
volve horizontally, after the manner of Mr. David 
Rousseau’s disc, it is scarcely probable. Nor would 
it, it must be confessed, in such a form be so evident 
in its action and character as at present. 

The employment of an automatic system of signals 
for the sole regulation of railway trattic is a question 
of a very grave nature, and involves serious consi- 
deration. That presented to our notice has evi- 
dently been worked out aftermuch thought and with 
a great deal of skill. It does not however appear to 
our mind to embody those principles necessary to 
render it safest even of its kind. Itis impossible but 
failure will arise. Electrical or mechanical—wear and 
tear will have its own, and cannot always be foreseen. 
What now would be the consequence on a busy line, 
with trains following each other at intervals of two 
or three minutes, with stopping trains intermingled 
with non-stopping, and goods with passengers, if, 
suppose between the time the train passes over com- 
mutator a and its passing over that at a’, the wire 
in connexion with the former were to become broken? 
It is evident following trains would not place the 
signal at “danger.” They would observe it at 
‘“‘clear” as they approached, and they would pass 
on, but the a would remain as last placed, viz., 
at ‘‘clear.” It is true the action or non-action of 
each signal may be repeated back to given points, 
but if the failing signal is any distance off there 
may be other following trains which have passed the 
point of observation which could not be stopped, 
or which could only be stopped by means of a very 
extended use of wires and ap aratus. 

To our mind any system of block signals, whether 
worked automatically or by human agency, should 
be governed by two conditions. The ‘ danger” 
signal should be umeversible from any extraneous 
cause, and the ‘all clear” signal should be main- 
tained by a constant action of that agency by which 
the signal is worked, and in the absence of which 
the signal should fall to ‘‘ danger.” It is upon this 
principle the signals which guide our engine-drivers 
are worked. It is the nearest approach to perfec- 
tion at which we have arrived, and it is the result 
of many years’ experience. It is not the principle 
upon which many systems of electric block signals 
are worked, and this may appear to be an argument 
in favour of Mr. Rousseau’s system ; for it may be 
alleged that, if with certain electric signals employed 
on our English lines worked upon the momentary 
current principle and by which the line or outdoor 
signals are worked, security is obtained, why should 
not a like principle be equally secure when applied 
to the outdoor signals themselves? But there is a 
wide difference between the two. Electrical block 
signals as used here are manipulated by the signal- 
man. For every train he gives a certain signal, 
which is constituted, not by one ‘single movement 
of an indicator or an arm, but which is confirmed, 
first, by the number of rings on a bell, and 
secondly, by an acknowledgment from the point 
to which the signal is given. If any derangement 
exists, or is observed, the man has it in his power 
at once to take action before another train arrives. 

The question of automatic signals for railway 
working is not new to this country, Attempts 
have, from time time, been made to establish them 
by means of the same agency as that employed by 
Mr. David Rousseau, but they have so far failed to 
make a hold upon railway minds, The subject is 
one involving vital considerations of life and 
property ; and whilst we feel every desire to honour 
the efforts of those who labour in its field we 
should be wanting in duty did we not weigh well ; 
ea te which every step in this direction 
entails, 





Tue German Coat TraDE.—Advices from Bochum re- 
port that since navigation has been resumed upon the Ruhr 
and the Rhine, the demand for coal has sensibly increased. 





Some of the collieries of the district are now in full 
working. 
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THE PHILADELPHIA EXHIBITION. 
PHILADELPHIA, May 6, 1876. 

Tue progress made during the last few ore in 
arranging and completing the erection of the exhibits 
in the various buildings, though very considerable, 
is not sufficient to peny the hope that anything 
like completeness will be achiev by the opening 
day. ‘Trains full of cases are constantly arriving by 
the several routes, and thanks to the excellent 
system which ils they are brought into the 
grounds and unloaded with little loss of time. But 
the fault of delay rests with the exhibitors them- 
selves, many of whom are apparently determined 
to postpone sending in or arranging their goods 
until the last moment. In some cases this delay is 
evidently intentional, where D gs maser orn ex- 
hibitors are desirous of seeing the show their com- 
petitors will make in order to regulate their own 
action, 

In the Agricultural Hall everything is very back- 
ward; the building is complete, but the floor is 
only partially covered yet with unpacked cases, and 
partially arranged exhibits. Judging from present 
appearances the show of agricultural machinery will 
be poor, and the absence of English exhibitors is all 
the more keenly felt on this account. Canada 
indeed is the only country competing at all with the 
United States, andas a general ruleall the implements 
sent from there are crude in design and rough in 
workmanship. Messrs. J. and 8, Vesott, of Joliette, 
Quebec, show a combined sower, harrow, and 
roller, in which too much is attempted for one ma- 
chine; Bentall’s regular patterns of pulpers and 
chaff-cutters are coarsely reproduced by Mr. David 
Maxwell, of Paris, Ontario; and three or four other 
makers send implements of a similar nature, but of 
different design. A few Canadian exhibitors con- 
tribute thrashing machines, and a greater number 
of these implements are found in the United States 
section; one of the best finished being that of 
Messrs. J. Casine and Co., Racine, Wis. The de- 
signs of these machines differ very widely from 
those in use in England, and will demand detailed 
attention on a later occasion. A few horse powers 
are also collected, and there are several examples 
among these of the step power, in which the horse 
walks upon an endless bend of crossbars, Reapers 
and mowers will be wel! represented, all the 
American types well known in England and over 
Europe being a and several others not known 
there. Portable engines scarcely figure in this 
section, the majority of these being placed in the 
Machinery Hall, but what there are have but little 
to recommend them, either as regards design or 
workmanship. Of course there isa large variety of 
miscellaneous exhibits, cider presses, power and 
handworking chopping machines, stump extractors, 
winnowing machines, and so forth. Ploughs and 
horse rakes too must not be forgotten, although at 
present the show of these is very unimportant. In 
this building there is a curious 15-ton steam road 
roller sent by the Pioneer Iron Works, Brooklyn. 
The engine is propelled by bevel pinion and wheel, 
the latter being placed on the face of the main roller. 
The smaller roller in front of the machine runs in 
a saddle framing, to the top of which is attached a 
vertical steering post connected with a horizontal 
radial arm, which terminates in a nut running upon 
a horizontal screw. By causing this nut to tra- 
verse to and fro, the steering wheel with its frame 
is shifted to the desired angular direction. This 
motion is imparted by means of a steam steering 
apparatus, and will be more minutely described at 
a future time. 

The greater of the hall is occupied by mis- 
cellaneous exhibits. ‘Trophies of cereals and roots 
will abound, cases of stuffed birds are plentiful, and 
apparently out of place ; the tobacco plant is repre- 
sented under every aspect; there is at least one 
ae trophy of boxes of horseshoe nails which 
8 se | interesting to the general visitors; the 
display of Star's “‘ Ne plus ultra meal” asserts itself 
against that of Stripe’s ‘‘ Self-raising flour,” and a 
group of those figures which here are placed outside 
the doors of tobacconists’ shops, adds colour at all 
events to the scene. Columbia, Washington taking 
snuff, Pocahontas in a full suit of feathers, the noble 
redskin with a bundle of Havannahs in bis hand, and 
others, are there, gay with all the colours that could 
be splashed over them. Seriously this class of 
exhibits is a sad mistake, this prominent display of 
trade goods which bring down the building to the 
level of an advertisement hall. In most cases in the 
buildings that instinct which, throughout the whole 


commercial human race, tends to convert everything 
into an advertising medium, has-been rigidly su 
pressed. In the Agricultural Hall we fear it will 
rampant, With ages to other ee a — 
is nearly compl and furnished with a brewing 
t, and close by isa cheese and butter factory, 

in both of which the respective processes will be 
actively carried on. Various other pavilions for 
purposes as various are almost finished, amongst 
others a metallic structure, built out of zinc stamped 
into no known order of architecture. In the several 
annexes behind the boiler house, and which are to 
be devoted respectively to steam hammers, brick- 
making machinery, and stone-dressing machinery, 
no appreciable pro has been effected during the 
t week. In the Shoe and Leather Hall advance 

is also slow, but the promise is good for an interest- 
ing collection of leather-dressing and of bootmaking 
machines, several series of which will be in 
operation. 

In the Machinery Hall the greatest amount of 
energy is being. concentrated, to make a fair show of 
completeness by the 10th, and it is the more im- 
portant that things should be finished, because work 
will be very difficult under the presence of visitors 
which will crowd into the building, At the last 
moment Mr, W. Mason, of Taunton, decided not to 
send the double-bogie Fairlie engine he had entered 
for exhibition, which is greatly to be regretted ; on the 
other hand, the Dickson Manufacturing Company 
have added another locomotive to their already ex- 
tensive exhibit. The winding engine of this firm is 
almost erected, and forms one of the few con- 
spicuous features of the Machinery Hall. <A con- 
siderable number of horizontal engines are in place, 
amongst others those of the Erie City Iron Works, 
New York, the People’s Works, . Philadelphia, 
Ch, Ervien and Co,, Philadelphia, and Messrs. 
Wetherell and Co., Chester, Pa. 

Messrs. Alison and Bannan, of the Franklin Iron 
Works, Port Carbon, Pa., exhibit an air com- 
ressor, of which we shall shortly publish drawings. 
here will be a fair show of rock-boring machines ; 
the Ingersoll drill is not yet sent in, but the ma- 
chines of the American Diamond Drill Company, 
the Pennsylvania Diamond Drill Company, Pots- 
ville, Pa., and the Wincester Rock Drill Company, 
Springfield, Mass., are all in working order, and are 
provided with masses of stone that they may be seen 
in operation. The Pennsylvania Rock Drill Com- 
pany show some magnificent specimens of work cut 
out by their machine, amongst others a column of 
conglomerate 7 in, in diameter and 11 ft. long, taken 
from a depth of 327 ft, In this machine, of which 
we shall publish illustrations and a detailed de- 
scription, the diamonds forming the cutting points 
are set around the inside of a tubular holder in the 
ordinary manner, length after length of tube being 
added as the depth of cut increases, and hydraulic 
pressure is exerted upon the tool by means of a 
pump, and can be regulated at will. 

The display of machine tools is, as may be ex- 
pected, a very fine one. Messrs. Sellers’ splendid 
exhibit is being rapidly got into order, and most of 
the others are completed. Prominent among them 
are the Pratt Whitney Company, and the Brainard 
Milling Machine Company. 

Wood-working machines are also in abundance, 
Messrs. Richards, London, and Kelley taking the 
leading place. A large show of Rogers’s wood- 
working tools is also of interest, and there is at 
least one complete set of cask-making machinery. 
At the same time it must be admitted that some 
of the machines would have been better away, as 
is always the case in every large exhibition. 

In other branches of manufacture much deficiency 
exists. Sugar machinery is almost entirely unrepre- 
sented, with the exception of the collection of Messrs. 
Mirrlees, Tait, and Watson, already referred to. 

Sanitary engineering is scarcely represented at 
all, and civil engineering is not so well illustrated 
as it ought to have been. The praiseworthy efforts 
of the American Society of Civil Engineers to collect 
information py every branch of civil engineerin 
throughout the country, so as to form a gran 
collection illustrating the progress of the science 
during the last hundred years, was commenced too 
late to be of great service during the Exhibition. 
The estimated value of this labour, however, is not 


to be doubted, and when the whole of the infor- |i 


mation is collected and put into form, it will prove 
of the utmost value, Mining machinery is not 
exhibited to any large extent, a matter for surprise 


ever, several interesting exceptions to the general 
rule, to which special reference will be ie in 
due course. Examples of hydraulic of aquared (of 
course_not including the pumps in the hydraulic 
annexe) are very scarce. There is amongst others a 
model of a dry dock built entirely of timber. There 
are ten such structures now in use in the United 
States, all of large size; the first was built twenty 
years ago at Boston, and the last is just now being 
completed at the shipbuilding works of Messrs. C. 
H. Cramp and Sons, Philadelphia. Shaw's gun- 
powder pile-driver, which is exhibited by a model, 
was used with great success — this latter work.* 
Messrs. C. H. Cramp and Co. exhibit the only 
two marine engines in the Machinery Hall. Of 
printing machinery there will be a fair show, and 
the exhibit of Messrs. Hoe and Co., of New York 
and London, promises to be of great extent and 
completeness. The display of building materials 
threatens to be oe ney for a country so rich in 
this respect as the United States, but the show of 
mineral fuel and the metallurgical exhibits will pro- 
bably be very extensive. In the Machinery Hall 
Great Britian is more poorly represented than was 
even to have been expected, nearly half the intend. 
ing exhibitors, it is said, having withdrawn. The 
leading cause of this is to be traced in all probability 
to the resignation of Mr. Philip C. Owen, and here 
we find at so early a stage in the history of the 
Exhibition, one of the unfortunate results arising 
from that resignation confronting us. That there 
will be many other unfortunate results arising from 
the game cause, before the Exhibition closes, is more 
than probable. 

In the United States Building, the Smithsonian 
Institute is getting ready its extensive and almost 
invaluable mineralogical collection, and the ex- 
hibits of the War Department, which include the 
machinery for the production of small arms and 
cartridges already alluded to, is nearly complete. 
In the Naval Department everything is also practi- 
cally in order. Here will be shown a very interest- 
ing display of;torpedoes, fuses, exploders, &c. The 
Harvey torpedo is represented on a large scale, and 
among others there is also an example of the Lay 
torpedo, an enormous weapon, carrying a 300 pound 
explosive charge, and besides the reservoir of com- 
pressed air, by which, like the Whitehead torpedo 
it is driven, two miles of rope, by which it is con- 
trolled, and steered eee moe | from theship. Torpedo 
launches are also represented, and the mode of work- 
ing them, by extremely good models. There are fine 
samples besides of steel rope, cables, hawsers, &c., 
and the whole of this exhibit promises to be of 
the highest interest. The display of American 
artillery is not very large. The most striking piece 
of ordnance is the 20 in. Rodman, weighing about 
53 tons, and throwing a 20 in. spherical shot ; there 
are besides some — of guns converted on 
Mr. Parson’s system, Dahlgrens, Parrot, Wood- 
bridge, and several others. e most efficient piece 
of ordnance in the whole Exhibition will doubtless 
be the 58-ton gun sent by Krupp. This piece with 
its carriage has been at Philadelphia for some days, 
but it is not yet transported to the building. 

In the building set aside for carriages, all the 
railway cars are in place or are waiting for ad- 
mittance. The Jackson Sharp Company, of Wil- 
mington, Del., send two sleepers for the Dom 
Podro II. Railway, of Brazil ; two are exhibited by 
the Central Railroad of New Jersey, and two Pull- 
man cars are also sent, One of them is an hotel 
car fitted up with more than usual elegance, and is 
one of a service to run between New York and 
Chicago during the summer. One peculiar feature 
of this car is that the wheels are 42 in. in diameter, 
and are 80 8 as to give a rigid wheel base of 
10 ft. The length of the body of the car is 60 ft., 
so the whole length over platforms is about 70 ft. 
The ceremonies attending the opening of the Ex- 
hibition on Wednesday next have been finally decided 
upon, and are as follows: 


On the morning of May 10th the grounds and page 2 
in general will be open to the lic at 9 a.m. e 
Memorial Hall or Art the i 


Gallery, Building, and the 
Machinery Hall will be reserved to the invited and 
the exhibitors until the close of the ceremonies a 
when the restrictions will be removed. ‘ 
i i in the open air upon the 
Hall, fronting the Main Build- 

public. Invited guests, 
the contrary, will enter the 


Main Oe ee iin acaiaan temahen oh Se 
not cod’ of iad telling. or by fie north, middle, or 


t noon, 














and regret i g the vast mining operations 
carried on in the United States. There are, how- 





* We illustrated and described this interesting 
aa nes Gah Gat ont nat tanben 
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western doors thereof. These enclosures will be open to 
them at 9 a.m. ‘ “ 

The music will be under the direction of Theodore 
Thomas, assisted by Dudley Buck, with an orchestra of one 
hundred and fifty, and a chorus of eight hundred. 

It is expected that the guests will be seated in the amphi- 
theatre prepared on the south front of Memorial Hall, by 
10.15am. The orchestra will play the national airs of 
countries represented at the Exhibition. . 

The President of the United States will be escorted to the 

ounds by Governor Hartranft, of Pennsylvania, anda 
Givision or more of troops from Pennsylvania and New 
Jersey, arriving about 10.30 a.m. 


Programme. 
1. Centennial Inauguration March, by Richard Wagner, 


Germany. < 
2. meer, by Rt. Rev. Bishop Simpson, of Philadelphia. 


3. Hymn, by John G. Whittier; music by John K. |- 


Paine, of Massachusetts ; orchestral and organ accompani- 


t. 
“— Cantata; the words by Sidney Lanier, of Georgia ; 
music by Dudley Buck, of Connecticut; orchestral and 


organ accompaniment. ‘ : 

5. Presentation of the Exhibition to the President by the 
Centennial Commission. . 

6. Address by the President of the United States. 

The declaration that the Exhibition is open will be 
followed by the raising of flags, salutes of artillery, the 
ringing of chimes, and Handel’s ‘‘ Hallelujah” chorus with 
organ and orchestra accompaniment, 

It will be seen from the foregoing, that the cere- 
mony will be marked with extreme my ent but 
promises to be somewhat extended if the national 
airs of all the nations represented are performed. 
Conducting the inauguration in the open air, recalls 
the opening of the Vienna Exhibition, and makes 
one sincerely hope that the weather will be better 
on the 10th of May, 1876, than it was on the Ist of 
May, 1873. 

A serious question has been argued here with much 
force, and no little acerbity, for some weeks past, 
namely, whether or no the grounds and buildings 
should be opened to the public on Sundays, At 
present the power lies with those in favour of shutting 
up the Exhibition, and it is officially decided that 
this course shall be adopted, but the popular feeling 
upon the subject is a very strong one, and promises 
to become bitter. Mass meetings are to be held to 
discuss the question, and doubtless t force will 
be put upon the Commissioners to make them change 
the resolution at which they have arrived, and to 
which they state their determination to adhere: 


THe OPENING OF THE EXHIBITION. 
Philadelphia, May 10, 1876. 

Heavy rains yesterday were succeeded by bright 
sunshine this morning, and the weather could 
not possibly have been more propitious for the 
opening of the Exhibition. It was well that the 
weather was fine, for the Acting Committee had 
with unbounded faith made all arrangements 
for an open air ceremony. In the space between 
the Main Building and the Memorial Hall a large 
platform had been erected, the centre of which was 
reserved for those who were to take a leading part 
in the proceedings. On each side were the seats for 
invited guests, and opposite the great platform for 
the orchestra, singers and chorus in all a thousand 
strong. No seats were arranged for those who 
would willingly have paid a high price for the 
privilege of being present in comfort, although a 
very large sum might thus have been realised. e 
open space in front of the platform was left free to 
all those who, having paid the admission fee of 
50 tents, chose to endure hours of a crowd at high 
pressure. The programme was well carried out, but 
the fact of the performance being out of doors in- 
stead of within the building, detracted from the im- 
posing nature of the ceremony. After the building 

ad been declared open, the President of the United 
States, the Emperor and Empress of Brazil, and 
other distinguished visitors, walked through the 
Main Building, and thence to the Machinery Hall, 
where the President and Emperor started the great 
Corliss engine, and set the machinery in the build- 
ing in motion. 

A more orderly crowd than that assembled could 
not possibly have been got together, and it was due 
more to this circumstance than to any police regula- 
tions that more disorder did not oecur. As it was, 
there was comparatively but little confusion. The 
number present cannot be correctly ascertained. The 
turntables gave up recording early in ‘the day, the 
money-takers were new to their work, thousands 
gotin who had not paid for admission, and hundreds 
gained the platform who had not been invited. The 
concourse was indeed immense, and there could not 


have been far under 300,000 present. The 
city had been hp wy orndockag Wie aibenens 


evening, and tens of thousands poured in from all 
sides during the day. : : 

In all — the opening: of this Exhibition must 
be regarded as an unqualified success, The various 
afrangements for conveying passengers to‘ the 
grounds were tried beyond reason, and came well 
out of the trial. The people themselves conduced 
far more to order than did the authorities, and from 
the experience of to-day, there is little fear that 
there will be any difficulty in controlling the attend. 
ance to the Exhibition, except upon the 4th of July, 
which will be of course an exceptional day. 


LITERATURE. 


Magnetism and Electricity. By Frepmrick GUTHRIE. 
Collins’ Advanced Science Series. London and Glasgow : 
W. Collins and Son. [Price 2s. 6d.] 

Tue study of physics is now receiving a greater 

share of attention than formerly. We have happily 

grown out of the idea—or are fast growing out of 

it—that young men should leave college with a 

marvellous stock of Greek and Latin and a no less 

marvellous ignorance of the laws that govern the 
world around them. Of the various branches of 
physics, few are more attractive than magnetism 
and electricity. In the hands of an able teacher, 
they may become an excellent means of mental dis- 
cipline by awaking a spirit of inquiry and stimulat- 
ing the powers of observation. ‘Io such a teacher, 
Professor Guthrie’s work will be a most valuable 
aid, The leading principles of the subject-matter 
are unfolded in plain concise lan e. There is 
the felicity of expression and lucidity of idea that 
at once denote thorough mastership, Nothing 
really essential is omitted; and but little that may 
be thought superfluous is introduced. Upwards of 
three hundred figures are scattered throughout the 
book, and are what they purport to be, real illus- 
trations. It is, however, to be regretted that some of 
the more important are not made to scale. Nothing 
but a long experience with the difficulties generally 
= by beginners could have led to such a series of 
ms, 

e might instance those illustrating the electro- 
phorus, in which by a simple arrangement of the 
signs + and —, the successive changes that occur 
in the electrical condition of the resinous plate and 
the metallic disc are clearly placed before the eyes 
ofthe student, In some other text-books a similar 
plan is adopted; but in none that we have hitherto 
seen is this important principle jpropounded with 
such sequence and completeness. As another in- 
stance, we would mention the 








explanation given of 
the development of frictional electricity. By means 
of arrows, and the usual algebraic signs, the course 
of the positive and negative electricities is clearly 
shown. ' :, 

We believe that a great deal is to be learnt from 
good diagrams on the twinsubjects of magnetism and 
electricity, just as well as in the various branches of 
natural history. If Ganot’s ‘‘ Physics” was so popular 
in France some years ago it owed its popularity in 
great measure to the excellence of its illustrations, 
and when a better text with equally good illustra- 
tions, made its appearance, Ganot retired into 
honourable obscurity. We have several text-books 
that contain finer specimens of the art of the en- 
graver than the one before us, but we do not know 
another in which so much is done by ingenious 
diagrams to render tangible—we might say—those 
points which are the least easily realised by youthful 
minds, 

The work is divided into three books. Book T. 
treats of Frictional Electricity ; Book IT. of Voltaic 
Electricity, and Book III. of Magnetism. The 
name of the book would therefore more aptly be 
‘* Electricity and Magnetism” than vice versd. 

In Book I. we think a little too much importance 
has been given to a few subjects, ¢.7., the relation 
of heat to discharge, discharge by flame, by eva- 
poration, &e. We would suggest as a substitute 
for these pages as many paragraphs elucidating the 
experiments of velocity based upon the rotating 
mirror. Electrophorus is spelt in this part electro- 
phoros. Solong as phosphorus obtains in chemistry 
and cryophorus in heat, &c., it seems unnecessary 
to break the analogy even for the sake of introduc- 
ing a purism. 

Chapter III. in Book IT. contains 21 pages; too 
much stress seems to be here laid on the electrolysis 
of various salts. If this chapter were reduced to 
four pages, and the balance used to supplement the 





rather succinct treatment of telegraphy and mag- 


neto-electricity, we believe the book would not be 
less valuable, oy Itt 

We also regret that the author adheres so strictly 
to the self-imposed rule of avoiding historical re. 
ferences. The names and labours of such men 
as Ampére, Oersted, Faraday, Wheatstone, Sir 
William Thomson, Professor Morse, &c., ought 
to be familiar to every student. 

There is an appendix of nine pages of closely- 
printed matter, in which directions are given to 
enable the student to construct for himself a large 
number of the most ordinary pieces of apparatus 
both of static and dynamic electricity, This novel 
feature will be found to serve the twofold purpose 
of economy and of practical instruction. Indeed 
there is no better means of getting at the rationale 
of the science than this, 

As this book deserves to be extensively used, we 
think that another chapter might be added in a 
future edition. Itis not enough to know principles, 
but we must know how to apply them, For this 
purpose we would recommend a short collection of 
numerical problems on the laws of quantity, inverse 
squares, the method of oscillations, resistances, &c. 
Such problems are being constantly set at examina- 
tions for the requirements of which this book seems 
admirably adapted. Besides this service such a 
chapter would evidently lead to a more thorough 
comprehension of the laws it illustrates, 
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Bripeine THE Murray.—Considerable pregress has 
now, been made with a great bridge across the Murray at 
Edward's prone, about 52 miles south-east of Adelaide. 
The'bridge was designed by Mr. W. Dempsey, of Great 
George- , Westminster, and the ironwork was manu- 
factured by Messrs. Ki d Brothers, of the. Crumlin 
Works, near Newport, Monmouthshire, The bridge is 
607 ft. 1 in,.in length in five spans of 121 ft. 5in. each with 
a clear roadway 22 ft. wide and footways outside the main 
girders 4ft. 3in. in width. Each span consists of two 
wrought-iron lattice girders and roadway plates of Millett’s 
patent, upon which the ballast will be Starting from 
a stone abutment on the Adelaide side of the river the 
superstructure will rest on five piers, consisting of ten 
pee et cemetgee edege) a ie 
and o 8, acco’ water 
and the strata upon which they stand. 
= 

a pone — Port Sr er ra a Austra- 

respment impo a twin-screw dredger 
made by Messrs. Simons and Co., of the London Works, Ren- 
frew, for use on the outer bar and Port river at Port Adelaide. 
The cost of the dredger to the South Australian Govern- 
ment is a little over 30,0001. Its dimensions are: Length 
onload line, 182 ft.; beam, 38 ft.; depth, 13 ft. 6 im. 
draught of water light, 6 ft. ; ditto 1 with 500 tons 
spoil, 8 ft. 3 in. ; ditto with 950 tons, 11 ft. 3 in.; hopper 
capacity, 19,000 cubic feet. The has onenponna 
engines of 100 horse power nominal ; and she can lift from 
160 tons to 210 tons of mud, gravel, and free sand per hour 
from a depth of about 20 ft. w the water level. She is 
expected to steam 7 knots per hour when loaded with 500 
tons of pon The hull is of iron with a well in the centre. 








The er is fitted with two pairs of high and low-pressure 
surface condensing engines. 
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STEAM FIRE ENGINE AT THE PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY MESSRS. B. 8. NICHOLS AND COMPANY, ENGINEERS, BURLINGTON, VERMONT, U.S.A. 


HEALTH AND SEWAGE OF TOWNS. 

‘Tue success of a conference on any subject must 
be necessarily problematical, owing to the diversity 
of views held by the members, and this remark is 
specially applicable to the conference on the Health 
and Sewage of Towns, held the week before last at 
the Society of Arts. The Council had issued invita- 
tions to mayors and other local authorities, borough 
engineers, and surveyors interested in the sewage 

uestion, for the purpose of eliciting as much in- 

ormation as possible as to what is doing and may 
be done in regard to the disposal and utilisation of 
sewage. Previous to the conference a most valu- 
able resumé was published, giving a summary of 
the returns furnished to the Committee on Sewage 
by the various towns, which showed by the replies 
the manner in which the sewage is dealt with in 
each case, the cost, population, death-rate, &c., the 
whole affording an excellent series of statistics for 
future reference. 

In ge | the conference the chairman, Mr, 
Stansfeld, the late President of the Local Govern- 
ment Board, stated that the object of the conference 
was not to deal with new and untried schemes, or 
to enter on theoretical discussion, but rather to ex- 
amine what had really been effected by existin 
methods in various localities, bearing in mind 
financial and sanitary results. He strongly advo- 
cated the system of water-carriage as being generally 
applicable to the removal of sewage, especially in 

e case of a dense population, as occurs in London 
and our — towns, although through 
bad fittings evils might arise and become the cause 
of disease owing to the escape of sewer gases into 
houses. He then reviewed the dry systems, and 
expressed the opinion that, while not capable of 

versal adoption, they had their advan in 
certain localities. Calling attention to the existing 
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sewage schemes, he deprecated the extravagant ex- 
ane po of capital which had arisen, and —_ on 
ocal authorities great caution before they adopted 
any scheme of sewage treatment. When he wasat 
the head of the Local Government Board he had 
determined to commence a new department, from 
which local authorities might gather advice in regard 
to sewage treatment, but from several causes this 
plan was not carried out. At the same time he did 
not propose that the Board should become the 
general adviser of authorities, but simply that they 
might aid in determining the solution of the sewage 
question generally. 

The plan suggested for the business of the con- 
ference was very practical. In the first place, the 
names of the towns to which invitation had been 
sent were called over, and their representatives were 
asked to supplement the information already sent 
by further explanations, and such were to be fol- 
lowed by general discussion. The irrigation systems 
were first discussed, and eens each separate 
system came under review. hile all rivalry as to 
the advantage of each plan was held in check, much 
valuable information was thus afforded, as the pro- 
moters of each scheme had full liberty to advocate 
their interests, which of course they did to the 
utmost extent. In some cases, however, the cross- 
examination that followed tended greatly to damage 
the claims of success that were put forward, and to 
modify the sup power of any scheme in respect 
to its applicability for general purposes. 

We cannot spare space to give even a brief report 
of what passed at the conference. This in fact is 
unnecessary, because the Council of the Society of 
Arts are about to publish a verbatim report of the 
whole proceedings, which lasted three days. When 
this is published, it will doubtless form the most 
valuable contribution that has yet been made to 








sewage literature. On the one hand, every scheme 
was fully described by its promoters, and on the 
other, each received the most severe criticisms by 
local authorities, engineers, chemists, medical 
officers, and residents of the various districts. It 
is needless to name the many plans that were thus 
discussed, as the whole of them have already been 
fully described in our columns. 

While the general discussion was of an animated 
character, it was pune to observe that person- 
alities were scarcely indulged in, an amount of for- 
bearance which argues well for the future of 
the sewage question. The real object of nearly 
all the speakers was that of gathering practical 
information, especially on the part of local au- 
thorities, for their future guidance. One fact was 
well established. It was evident that not a single 

lan for sewage treatment yet advanced could 
egitimately show the slightest sign of profit in the 
disposal of the sewage. The unanimity on this 
point was very remarkable, and if the conference 
resulted in nothing more than dispelling this idea it 
has done infinite good. It is true that the share- 
holders of some of the sewage companies may not 
relish the fact, yet it is even to their advantage to 
know the truth. On the other hand the numerous 
officials who attended the conference will return to 
their districts decidedly impressed with the knowledge 
that their constituents must agree to a cost rather 
than a profit, in disposing of their sewage in future. 

This conference, which, by the way, is to be re- 
peated annually, really constituted a meeting be- 
tween those who propose to treat sewage and those who 
need its treatment. We take the liberty, however, 
of suggesting to the Council of the Society of Artsa 
kind of supplementary conference. Let them invite 
a meeting of the advocates of each sewage scheme 
to discuss the respective merits of their plans among 
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the results of such a conference were published we 
have not the slightest doubt that they would tend to 
the enlightenment of the outside public, fromthe Stock 
Exchange to the wayside cottage, to an extent that 
would do more to the solution of the sewage question 
than has yet been attempted. Much might be 
written on even the comic as of the subject, and 
some of these would inevitably leak out during such 
& conference. 


THE GOULD STEAM FIRE ENGINE. 

WE give on the present and opposite pages engravings of 
one of the “Gould” steam fire engines shown at the Phila- 
delphia Exhibition by the makers, Messrs. B. S. Nichols and 
Co., of Burlington, Vermont, U.S.A. From the perspective 
view on page 482 it will be seen that the general appearance 
of the engine differs in several points from those of English 
makers, the fore wheels being much larger than are usually 
employed here, while there are no seats for firemen—beyond 
that for the driver—and the boxes and mountings for hose, 
ladders, tools, &c., which add to the weight of our engines, 
being absent. The framing of the engine is simple, consist- 
ing of a pair of bars—or “ crane necks”——which connect the 
boiler with the fore carriage, the latter being provided with 
a central spiral spring, as shown in the detail view, Fig. 2. 
Similar springs are also applied to the hind axle. 

The boiler in the engine we illustrate is—as shown in Fig. 3 
—of the vertical tubular type, with a submerged smokebox. 
The lower part of the shell is conical, the firebox being also 
conical, so as to obtain a larger firegrate. The taper of 
the firebox is rather more rapid than that of the shell, so 
that the water spaces increase in width toward the top. 
The submerged smokebox C has also a conical top, a 
form which makes a good connexion with the chimney, and 
enables stays to be dispensed with. The tubes are of copper, 
and are 14 in. long by 1}in. in diameter. With the ex- 

jon of the tubes, the boiler—which is tested to a pressure 
of 200 Ib. per square inch—is made of steel. 

The steam cylinders and pumps are fixed vertically be- 
tween the frames just in front of the boiler, Messrs. Nichols 
and Co.’s first and second-class engines having a pair of 
cylinders, and their third, fourth, and fifth-class engines a 
single cylinder. The valve chest opens at the side in the 
single engines and at the front in the double engines, the 
slide valves being in either case readily accessible. The 
cylinder and pump are connected by wrought-iron columns, 
which are bolted firmly to the “crane necka,”.the ‘cylinders 
being braced to both the boiler and the “crane necks,” and 
the pump casing being braced to the boiler. The exhaust is 
made variable by a simple arrangement, not shown in our 
engravings. 

Pump is shown in vertical section in Fig. 4, 
and in sectional plan in Fig. 5. It consists of an outer 
shell and the pump barrel and valve plate R, the barrel and 
valve-plate being in one The partition E divides 
partitions P P separate 





the two ends of the casing and the 
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DETAILS OF STEAM FIRE ENGINE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY MESSRS. B. H. NICHOLS AND COMPANY, ENGINEERS, BURLINGTON, VERMONT, U.S.A. 





Fig 3. 
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the suction from the discharge. By this arrangement a large 
































Tf | area of valve plate is obtained, and in all cases the area of 


the suction valves for each end is slightly greater than that 
of the pump piston, while the delivery valve area is corre- 
spondingly large. With such ample waterways the pump 
works with great ease, and Messrs. Nichols and Co. inform 
us that it is found to take its full contents of water at all 
speeds. The piston is packed with a couple of cupped 
leathers, placed back to back. 

By taking off the bottom cover the pump barrel and 
valve plates can be dropped out of the shell, thus at once 
exposing all the valves so that they may be readily ex- 
amined or replaced. This arrangement for giving ready 
access to the valves is a-special feature of the pump and a 
valuable one. In Figs, 4 and 5, D, D, D are the discharges, 
and V V the suctions, the water being taken in at either 
side, as may be required. 

The position of the valves is shown in Figs. 4 and 5, 
while an enlarged section of one valve is given in Fig. 6. 
From this latter view it will be seen that the valve closes 
upon a seat G, which is screwed into the valve plate. The 
valve W and the ring Z are of gun-metal and clip between 
them the india-rubber ring R. The metal ring Z, it will 
be noticed, is sufficiently wide to cover the opening in the 
valve seat, the india-rubber ring acting as a packing. The 
valves are placed in a vertical plane and each is kept up to 
its seat by a light spiral spring as shown, but should this 
spring break the valve would still act although not so per- 
fectly. The water in passing each valve flows both out- 
ward and inwards around the stem 8, so that nothing is 
likely to stop under the valve, while as the latter is guided 
on the stem S by the projections W, which are sharp on 
the edge, it is impossible for a valve to stick up. The 
lift ef the valves is never over }in. The vacuum chamber 
W (Fig. 4) is large and entirely does away with jumping 
of the hose, and the air vessel A on the delivery side is 
also capacious. 

Messrs. B. S. Nichols and Co. have a high reputation as 
steam fire engine builders, and they take great care to 
secure strength and efficiency with as little weight as pos- 
sible, while, as will be seen from our engravings, the general 
design of their engines is very neat. A “ first-class” steam 
fire engine of the type we have described has thrown a 
stream from a 1} in. jet a distance of 354} ft. 





PUMPING ENGINES AT HULL WATER 
WORKS. 


WE give this week a two-page engraving showing a side 
and end elevation of a Cornish pumping engine for the ex- 
tension of the Hull Corporation Water Works, constructed 
by Messrs. Bells, Lightfoot, and Co., of Newcastle-on-Tyne, 
for the contractors, Messrs. Smith, Pender, and Co., of Mill- 
wall. We shall next week publish engravings of further 
details of these engines, and we therefore for the present 
postpone our description of them. 


Brie@ian Coat Imports.—In the first three months of 
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STEAM DOMES. 

Tue sketch which we subjoin shows a mode of attaching 
steam domes to boilers, which has been adopted by Mr. 
John Ashworth, of Bolton, and which, as it has some good 
points, may be useful to many of our readers. Mr. Ash- 
worth rivets to the boiler a cast-iron mounting, similar to 
that used for a manhole, this mounting being bolted to a 





similar mounting which is rivetted to the dome. The body 
of the dome is of wrought iron, but on the top is carried 
another cast-iron mounting, as shown. The steam collect- 
ing pipe passes along the top of the boiler, and is led up into 
the dome as shown in the sketch, which will explain the 


whole arrangement. 








this year Belgium imported 184,000 tons of coal from 
Low Countries, England, and France. 
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MAGNETISM AND ELecraicrry,—No. II. 


MAGNETO-ELECTRICITY is well represented in this 
collection. We have already referred to Faraday’s 
discovery in the year 1831, and the apparatus with 
which it was made. From this was developed two 

ears later the first magneto-electric machine of 

ixii, which is one of the exhibits of the collection. 
In this machine a compound horse-shoe magnet is 
made to revolve upon a vertical axis, with its poles 
in close proximity to those of a vertical electro- 
magnet or armature suspended above it, the wires 
from this armature are led to a contact breaker 
actuated by a cam attached to and revolving with 
the vertical shaft. 

Pixii's machine was much improved upon by 
Saxton, and afterwards by Ritchie and Clark; 
origioal machines of all these types will be found at 
South Kensington. Clark’s machine is the one 
which may be seen in the shops and is used for 
medical purposes, In the year 1854 Siemens in- 
troduced his armature, which consists of a revolving 
cylinder of soft iron having a deep and wide groove 
cut longitudinally along its — sides and con- 
tinued round the ends; in this groove the wire is 
wound in a way that has been compared to the 
thread upon a shuttle. The poles of this armature 
are the two. cylindrical faces, that is to say, those 
two portions of the cylindrical surface which have 
not been cut a | in forming the groove. This is the 
armature adopted by Ladd in his very beautiful ma- 
chine, and also by Wilde, of Manchester, who does 
not appear to be represen There are several of 
Ladd’s machines exhibited, some with circular per- 
manent magnets and some constructed upon the 
reaction principle which was discovered by Wheat- 
stone onl Siemens independently, but which they 
each brought before the Royal Society on the same 
day. ‘This reaction principle consists essentially of 
the utilisation of the residual or inherent mag- 
netism of the core of the electro-magnet, and which 
is the property more or less of all iron—whether 
circumtraversed by an electric current or not—for 
producing, in the first instance, a feeble current in 
the wire surrounding it; this current, feeble as it is, 
is sufficient to increase the magnetism of the core, 
and this increased magnetism reacts on the wire, pro- 
ducing in it a still stronger current, Thus mutual 
action and reaction go on until, in a few seconds, 
the electro-magnets are charged to the fullest 
extent, and the machine is working at its greatest 
power, This is the principle upon which the electro- 
magnets are excited in the larger Gramme machines, 
Pm in the machines of Siemens, Ladd, Wheatstone, 
and Varley, all of which may be studied and com- 
pared in this Exhibition. Wilde's later machines 
embrace the same principle. No. 1315 is a machine 
contributed by Messrs. Bauer and Haebe, of 
Stut ; it consists of a Gramme armature, revolv- 
ing within a cylindrical box of soft iron formed by the 
spreading out of the polar extremities of the exciting 
magnets, so as almost to envelop the rotating arma- 
ture, leaviog but two narrow spaces separating the 

les from one another; in all other respects it is a 

jramme machine, 

Of the objects of historical value connected with 
this subject none can exceed in interest the original 
rotating mirror of Wheatetone (No. 1384), for by it 
he calculated the velocity of the electrical discharge 
and found it to be 288,000 miles per second ; and 
it was this instrument which enabled the great 
French physicist Foucault to perform his celebrated 
feat of measuring the time occupied by a beam of 
light in travelling a distance of but 22 yards, and 
from which he determined the velocity of light to 
be 185,000 miles per second, and so exact was this 
estimate that it p in the hands of astronomers 
a correction for stellar and planetary distances, by 
which discrepancies were removed between the 
calculated and the observed times of certain pheno- 
mena in which the velocity of light is an element 
of the calculation. In the same case with Wheat- 
stone's mirror is very appropriately piaced the 
* k board,” which was used with it, and with 
which Wheatstone not only determined the velocity 
and duration of the electric discharge, but made 
the important discovery, that the electric current 
issues simultaneously from the two coatings of the 
— jar when connexion is made between them, 

not a3 was previously believed to be the case 
from the inner coating to the outer. 

Fig. 1 is a diagram of the ‘ spark-board,” which 
ia nothing more than a circular block of wood having 








ar,anged in pairs, 
the balls of each pair being about yz in. aj Re- 
ferring to the figure they are represented by A B, 
CD, E F, and are in metallic connexion respectively 
with the projecting terminals A', B', C1, D', E* and 
F. In Wheatstone’s celebrated experiment he placed 
between A' andC' an insulated copper wire R, one 


FIG.2 


uarter of a mile in length, and between D* and 

' a similar length of wire R'. The terminal 
E' was in connexion with the outer coating of a 
Leyden jar, and to B' was attached a wire with 
which connexion could be made with the inner 
coating. From the figure it will be seen that if a 
current passes from the inner to the outer coating 
it would have to jump from B to A as a spark, then 
from A to C through a path a quarter of a mile long, 
it would then have to jump from C to D forming a 
second spark, then through another quarter of a mile 
of wire to F, and, lastly, it would show itself again as 
a spark between F and E. To the unassisted eye 
the three ks appeared simultaneous and merely as 
three brilliant points or specks of light. When, 
however, these were observed reflected in a rota- 
ting mirror, their images became elongated into three 
bright lines or arcs which incre in length as 
the speed of rotation. was accelerated, and when 
this speed was increased till the mirror was spin- 
ning at the rate of 800 revolutions per second, 
the three points of light reflected in it seprerel as 
lines of a length corresponding to an arc of 24 deg., 
measured on a-circle of which the axis of the 
mirror is the centre. Fig. 2 is a diagram of the ap- 
pearance presented by the images of the three sparks 
when seen in the mirror rotating at this speed. It 
is a self-evident fact, or at least it admits of easy 
geometrical demonstration, that an image reflected 
from a revolving mirror describes an arc which is 
double that described by the mirror; if, therefore, 
the image moves through an arc of 24 deg. in a given 
time, it follows that the mirror has turned through 
12 deg. in the same period. Now, as the mirror 
must describe an are of 360 deg. during one revolu- 
tion, it must sustain, when making 800 revolutions 

r second, an angular displacement of 800 x 360 deg. 
=288,000 deg. in every second of time. We have 
seen that at this speed the image of the spark was 
24 deg. in length, and that this corresponds to an 
angular displacement of the mirror, during the time 
the spark was ing, of 12 deg., so that asthe mirror 
moved through 288,000 deg. in one second it would 
be —— part of a second in moving through 
12deg. The duration of the electric discharge was 


therefore ascertained to be u 
24,000 





th part of a 


second, 

In the diagram, Fig. 2, the left-hand line represents 
the appearance of the spark between A and B (Fig. 1) 
when seen in the rotating mirror making 800 revo- 
lutions per second, the middle line that of the spark 
between C and D, and the right-hand line that of the 
spark between E and F, It will be seen that these 
lines or arcs are of equal length, but the middle one 
is rather behind the others, showing that the sparks 
of which the outer lines are the images are simulta- 
neous, but that the spark corresponding to the 
middle image, that is to say between C and D, took 
place after the other two. Wheatstone found that 
this retardation was equal 4 deg. of angular dis- 
placement, representing an angular displacement of 
the mirror during the time occupied by the electric 
discharge traversing one quarter of a mile of } deg. 
The time, therefore, taken by the discharge to travel 
from A to C or from D to F, one quarter of a mile, 


ws ty ltl. 1 
1,152,000 


of a second, and this 
sou d 








the rotating mirror with which it was conducted, 
have become classical in the annals of science, and 
no scientific men can stand before the original appa- 
ratus without feelings of profound interest not far 
removed from veneration. This ap tus, though 
dating not further back than 1834 (the year in which 
its illustrious inventor was appointed Professor of 
Natural Philosophyin King’s College, London), is one 
of the “lions” of the collection, and for this reason 
we have been tempted to describe it at some length. 
We will onl id that it is contributed by the 
Council of Ki gs College, who have contributed 
to no less than eleven sections of the Exhibition. 

Close to Wheatstone’s nugeretns is the original 
‘ Thunderhouse” made by Dr. Priestly (1382) with 
his own hands for demonstrating the identity of 
lightning and electricity, and for showing the use of 
conductors in the protection of buildings. 

Another experiment of classic interest is the 
revolving electro-magnet by which Joule, in 1843, 
ascertained the mechanical equivalent of heat, 
The apparatus with which this investigation was 
conducted (No. 218) is in that part of the Exhibition 
devoted to Measurement, but as it is connected with 
the present subject we introduce it here. It consists 
of a powerful electro-magnet, between the poles of 
which is made to revolve a glass tube filled with 
water, and containing an electro-magnet. The heat 
evolved by the rotating magnet was measured by 
the rise in temperature of the water. This experi- 
ment was made especially conclusive from the fact 
that the apparatus could be worked conversely. It 
could either be used as an electro-magnetic engine 
doing work when the loss of heat from the surface 
showed what had been consumed in doing work, or 
conversely it could be worked by external me- 
chanical power, and the quantity of heat produced 
could be measured. With this apparatus Joule de- 
termined the mechanical equivalent of heat shown 
by an increase of temperature of 1 deg. Fahr. in 1 Ib. 
of water to be 833 Ib. raised | ft. high in 1 minute. 

The investigations of Ampére upon the philosophy 
of the electric current and the influence of currents 
upon currents are the foundation of the science of 
electro-dynamics, and lie at the base of all electrical 
investigation and measurement. At the Loan Exhi- 
bition, Ampére’s original ‘‘stand” may be seen, and 
on it a collection of rings and solenoids of forms 
well known to all readers of works on Physics, 
made by — himself, and a still larger collection 
constructed by Michael Faraday, There is also a 
collection of glass tubes made by Faraday (No. 
1139) containing various gases for testing the dia- 
magnetic or para-magnetic properties of vaporous 
substances. He suspended these tubes by a fila- 
ment of silk within the magnetic field of a power- 
ful electro-magnet, and ascertained by the position 
assumed by the tube containing the gas under in- 
vestigation either in a line joining the etic 
poles or = right angles  y that line, whether — 
contained gas possessed para-magnetic or dia- 
magnetic properties. Close to this is the box be- 
longing to the same philosopher (No. 1141), con- 
taining a large collection of bars, cubes, and spheres 
of various metals and and other substances, with 
which he investigated the diamagnetic properties of 
solids and liquids. 

No. 1452 of the catalogue is the electro-magnetic 
balance of M. Becquerel, contributed by the Con- 
servatoire des Arts et Métiers. In this instrument 
two cylindrical iron bars of equal weight, and ac- 
curately turned to the same diameter, are suspended 
vertically from the ends of the beam of a delicate 
chemical balance so as to hang freely within two 
vertical helices of wire, similar to the hollow bobbins 
of a rather long electro-magnet, which helices are 
fixed to the stand of the balance one under each end 
of the beam, With this balance M. Becquerel in- 
vestigated the quantitative laws of electro-magnetism, 
and the influence of helices of various forms upon 
magnetic or upon soft iron cores, 

An instrument very similar in ap ce to M. 
Becquerel’s balance, is the apparatus by which Dr. 
Waltenhofen, Professor of Physics in the Polytechnic 
Institution, Prague, discovered a curious p in 
the magnetisation of soft iron tubes. r. 
Waltenhofen’s sopemeieh, one of the solid iron bars 
of Becquerel’s ce is removed, and is replaced by 
a hollow soft iron tube, there is therefore a solid 
cylinder hanging from one end of the beam within 
an electro-magnetic helix, anda hollow one similarly 
surrounded hanging from theother. The tube being 
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of less weight than the rod, the instrument is 
balanced by weights being added to the end of 
the beam, for which purpose it is provided with a 
scale pan hanging above the suspended tube. The 
two helices are united into one circuit with the poles 
of a single Bunsen cell, so that the current in each 
coil is the same, and interposed in this circuit is a 
variable resistance, such as a Wheatstone’s rheostat, 
to enable the current in both coils together to be 
varied at pleasure. Upon completing the circuit 
with a feeble current, a force is exerted on both 
cores tending to draw them within their respective 
helices. The hollow cylinder in this case appears 
the heavier, that is to say it is more powerfully in- 
fluenced by the current than is the solid one, but as 
the current is increased the balance becomes first 
even, showing both cylinders to be equally affected, 
and then dips towards the helix surrounding the 
solid bar. It is clear from this experiment that an 
iron cylinder of small-mass, such as a tube, may be 
magnetised to saturation by a current that has but 
small effect upon a bar of equal diameter but greater 
weight, but that when the latter is magnetised to its 
point of saturation, which it can be by a stronger 
current, it is capable of receiving a larger amount of 
magnetism than the cylinder of lesser mass. Be- 
tween these two extremes there must be a point 
where the rising magnetism of the solid cylinder is 
exactly equal to the fixed saturation of the tube, 
and this is the point at which the beam of the balance 
is horizontal. 

We must reserve for a future notice the fine 
collections in illustration of the rise and develop- 
ment of telegraphy, of the apparatus for producing 
or maintaining differences of electrical potential, 
and of the instruments used in their measurement, in 
which latter may be traced the stages of development 
from the old pith-ball electroscope of Leslie on the 
one hand and the discovery by O¢cersted of the in- 
fluence of the electric current on the magnetic 
needle on the other, to the beautiful instruments of 
Sir William Thomson, with which the mathe- 
matical measurements of the present day are con- 
ducted, and we shall from time to time give illus- 
trated descriptions of some of the more important 
contributions. 

From the foregoing remarks it will be seen that 
the great intereet and value of the collection of 
scientific apparatus at South Kensington, consists 
more in the collection of the old than in the intro- 
duction of what is absolutely new-; but both the 
modern and the ancient derive intrinsic value from 
being brought side by side, and this applies in a 
very marked degree to that section of the Exhibition 
which is devoted to magnetism and electricity. 


Tae METEOROLOGICAL Secrion.—No. I. 


The Section for Meteorology at the Loan Exhibi- 
tion of Scientific Apparatus will probably surprise 
most students of science by the variety, number, 
and complexity of the apparatus exhibited. It 
might have been reasonably imagined that the in- 
struments of meteorology could have been readily 
represented by single specimens of those at present 
in use, and’ of old instruments that had been 
formerly used but were now discarded. However, 
we find here a large collection of instruments vary- 
ing in design, in fashion, and in construction, 
although a common principle may run through 
whole classes of them. Nevertheless, the collection 
is both redundant and defective. Redundant, 
because there are numerous instruments of the same 
class differing from each other merely in details; 
defective, because some contrivances are not repre- 
sented at all. Thus the photographic barograph, 
thermograph, Beckley’s registering pluviometer, 
and other instruments of less note do not appear. 
The. arrangement of this section does not seem to 
be deserving of much commendation. It is rather 
chaotic than otherwise. Yet considering the simple 
classification of which the instruments of meteo- 
rology admit, it seems difficult to account for the 
lack of — evidenced in the grouping and 
cataloguing. ‘There are merely barometers, aneroids, 
thermometers, hygrometers, actinometers, pluvio- 
meters, atmidometers, anemometers, thermometer- 
screens, hypsometers, ozonometers, electrometers, 
and a miscellany to be considered. The arrange- 
ment might have been the present best specimens 
of these, with historical and proposed forms to 
which any definite interest might be supposed to 
be attached; weeding out repetitions of the same 

tterns, and even of patterns which are not dif- 
erent for apy particular purpose. Notwithstanding 
the heterogeneity of the. collection, it.is.one which 





will prove highly interesting and instructive to 
students of science in general and of meteorology in 
cular. 

The barometer was invented in 1643 by Torri- 
celli, and the identical apparatus used by him is 
here shown by the University of Florence. It con- 
sists of a glass tube and cup, precisely the same as 
used at lecture tables in the present day, for ex- 
plaining the principle of the barometer. The tube 
is not graduated. Pascal graduated the tubes used 
in the experiments on the Puy de Déme and other 
elevations. It would have been interesting to have 
had one of his barometers and to have examined 
the accuracy of the graduations. From these simple 
contrivances to the elaborately-finished and accu- 
rate standard barometer exhibited by P. Adie, not 
a few improvements have been ss on the 
original invention. Careful filling and expelling of 
air and moisture by boiling the tube, Gay Lussac’s 
air-trap to preserve the vacuum from the admission 
of air, Fortin’s adjustable cistern to maintain a 
constant level of the mercury in the cistern, accu- 
rate measuring scale engraved on brass, accurate 
attached thermometer, all were necessary before 
the meteorologist could properly measure the sta- 
tical pressure of the air at any time or place. 

A step in the wrong direction is the barometer 
exhibited by Professor Wild. This is used at the 
Russian meteorological stations, The tube, being 
sent to its destination empty, the observer has to 
fill it, but no barometer can be reliable and accu- 
rate which is not filled by the boiling process, 
This barometer is a combination of Fortin’s cistern 
with Gay Lussac’s siphon tube. It has two tubes 
dipping into the cistern, The long tube contains 
the barometric column,-the short one is open, but 
can be closed by a stop-cock for portability. The 
cistern is entirely filled with mercury, and thus 
takes the place of the bend of a syphon tube. As 
the mercury falls or rises in the barometric column, 
it rises or falls in the short tube; and the adjustable 
cistern allows the mercury to be levelled in the 
short tube always to the same zero point, before an 
observation is read off. The arrangement is in- 
tended to give portability, and to do away with the 
effect of capillarity, which depressing both columns 
alike, the difference of the heights or the baro- 
metric column is unaffected by it. In gaining these 
advan others are sacrificed, and we believe 
that this form of barometer would not com 
favourably with English barometers, as tes at 
the Kew Observatory. 

Besides the standard portable barometers of 
Fortin and Gay Lussac, as exhibited by Adie, for 
the use of travellers, the readings of which can be 
correctly taken to .001 of an inch, Mr, Stevenson, 
the engineer, exhibits a portable barometer, and 


Captain C. George, of the Geographical Society, | ¢ 
be | Clock registering aneroids are exhibited by 


a traveller's barometer, both of which are to 
refilled every time they are set up. It does not 
appear, however, that these instruments are less 
liable to breakage than the accurate and handy 
ready-filled instruments. ‘The Meteorological Office 
exhibits the portable barometer used by Sir John 
Richardson in his Arctic travels. It consists merely 
of a tube and cistern, ready filled with mercury. 
Its scale is engraved upon the tube itself, which 
carries a sliding vernier. Admiral Fitzroy alludes 
to this instrument, in his ‘‘ Notes on Meteorology,” 
in the following terms:—‘‘ When Sir John Ricb- 
ardson went on his land journey to the Arctic 
regions he wished to take a barometer that would 
bear rough usage in travelling, and he had one 
made on his own plan. It went with him and 
came back uninjured. He had some spare tubes. 
It was very strong, and would not run any risk 
unless hit very hard. It was uated upon the 
tube itself, which was an eighth of an inch in 
thickness, to stand rough usage. The tube had an 
iron screw securely fixed upon it, to go into the 
cistern. The cistern could be carried in one place, 
and the tube in another; the tube being in a 
wooden case by itself, and therefore not liable to 
be broken by having the weight. of any mercury 
in it.” 

A French standard barometer by Tonnelet has a 
cistern very large in diameter, so that the mercury 
level will not be appreciably altered by the ordinary 
rise and fall of the column; but this is an awkward 
performance, which cannot yield the requisite de- 
gree of accuracy, and a contracted scale, such as 
the Kew barometer has, is better. 

The Kew Observatory exhibits the original baro- 
graph, or mechanical registering siphon barometer, 
invented. by the late Sir F. Ronalds, and the Me- 


teorological Office a clock registering siphon baro- 
meter, a compact instrument, designed by Admiral 
Milne. The modern barograph is, 
neat not exhibited. 

e history of photographic barographs is simpl 
this. Ronalds ecasiraneel one wit yt ee tubs 
a yr ph the top of the column, which was 

at Kew. Brooke designed the one in use at 
Greenwich which photographs the rise and fall of 
the float in a siphon tube. Stewart improved on 
these by substituting a cistern barometer, compen- 
sated by metallic bars for changes of temperature ; 
this is now used in the observatories of the Me- 
teorological Committee, and is generally approved, 
Electrical registering barographs have been in- 
vented by Wheatstone, Theorell, and Rysselberghe. 
Theorell’s prints its record in type, R Lesttenge 8 
engraves & CO plate, from which the traces are 
printed, with both of these, thermographs and ane- 
mographs are combined. Theorell’s apparatus is 
not yet exhibited, These are, of course, elaborate 
and expensive apparatus. A mechanical registerin 
barograph was constructed in 1767 by the celebra 
clockmaker, Alexander Cummings, which was used 
by Howard the meteorologist in the early part of 
this century. It is not known what has become of 
this instrument, but a description of it is given 
in Cummings’ works, It is said to possess great 
merit on account of the goodness of the clock. Me- 
chanical registration is not successful, because the 
barometric column has to do work which renders it 
sluggish. 

he very accurate and serviceable marine baro- 
meter, known as the Kew pattern, invented by Adie 
in 1853, and a modification of this, necessitated by 
the requirements of modern warships, known as the 
‘‘ gun” barometer, are exhibited by the Meteoro- 
logical Office, with certificates of corrections at- 
tached. In the latter the tube is surrounded with 
india-rubber tubing for the purpose of preventing 
breakage by the concussion caused by the discharge 
of heavy guns. This is the pattern in use in our 
Navy. As first contrived by Negretti and Zambra, 
it had a box-wood cistern, butit has been found de- 
sirable to ‘substitute an iron one, as more durable, 
and not liable to splitting from the effects of heat 
and moisture. : 

Aneroids are merely serviceable as weather- 
glasses, except for the measurement of height. A 
specimen of those used in our Navy, and of a por- 
table instrument used by hy phical surveyors, 
shown by the Meteorological Office, are po gil 
the best representatives of this class. Mr. Pillischer 
claims the smallest instrument of the kind ever con- 
structed, measuring-only ¢in.in diameter. Deutsch- 
bein of Hamburg, and Goldschmid of Zurich, also 
exhibit aneroids of novel construction, in which the 
variations of altitude are measured micrometrically. 

Elliott 
Brothers, Breguet, and others, which arrangements 
are likely to supersede clock-registering barometers, 
being equally as. reliable, and far more portable. 
Not a single aneroid can be found in the Exhibition 
which has a Kew certificate of verification. 





Water Supriy.—Messrs. Crosby Lockwood and Co. 


announce that Mr. Humber’s lo nad hee ” hen- 
sive Treatise on the Water Supply Cities and Towns,’’ 
is now in the hands of the , and will be issued very 


early in June. It is stated that the work will contain com- 
plete and trustworthy information on all subjects theoretical 
and practical, connected with water supply.. Through the 
-kindness of Messrs. Bateman, Hawksley, Homersham, 
@aldwin Latham, Mansergh, Muir, Quick, Rawlinson, 
Simpson, and other eminent engineers, the author has been 
enabled very fully to illustrate and describe several works 
constructed, and in course of construction, from the designs 
of these gentlemen. 


Tue Gas QuEsTION,—The difficulties that have arisen 
dnring the last three years between the metropolitan 
authorities and the gas ¢otm: seems now to havea 
fair chance of being settled. e Chartered, Imperial, and 
Independent Companies have already given in their ad- 

t 





hesion to the ments of the Board of Trade, the City 
Corporation, and the Metropolitan Board of Works, and 
last week it was stated at the meeting of this Board that 
three of the South London gas companies, the- Phenix, 


London, and Surrey Gas Consumers’, were willing to come 
under the same regulations as those im on the 
Chartered and its allies, whose Bill has-already been passed 


by the Select Committee of the House of Commons. i- 

cally this will result in a uniform arrangement of price, 

quality of gas, and other details of the whole of the metro- 

politan gas companies. The arrangement is such that no 

partics can justi Tcompiets of undue or advan- 

tage, We may thus reasonably hope’ for the next few 
hall hear no more of 





nad pine gas squabbles, so far as 
teaden proper is concerned, GaMes bebes ze 
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ENGINE FOR STEAM LAUNCH AT THE PHILADELPHIA EXHIBITION. 
DESIGNED AT THE WASHINGTON NAVY YABD, U.S.A. 

Fig. 1. r * g.2 
ce 














C 
of the steam launch 
Bureau of Steam Engi- 
partment—of which 
now the chief—and ex- 
Philadelphia Exhibition. 
gine shown by engravings is of a class used in 
cutters 38 ft. in length, 8 ft. 7 in. cos and 8 ft. 94 in. in 

depth, and it weighs altogether 550 Ib. 

‘The engine has a single cylinder 8 in. in diameter with 
8 in. stroke, the cylinder with the valve chest, being cast 
in one piece with the frames and bedplate. The crosshead 
parte oS guide bar fixed to the frame as shown, an 
arm from the back of the crosshead and being 

S ledeae cf tenhoatiyto-ahdee te tie. 2. 

The link motion is not used for expansive working, but 
merely for reversing, the link itself having a straight instead 
of a curved slot, and the link being held in either of its 
extreme positions AS. (forced inwards by a spring) 
entering the block. arrangement will be readily under- 
stood from Fig. 2; and it will be seen that the link is 
shifted by means of a handle attached directly to it, there 
being no reversing lever. 

The exhaust steam on leaving the cylinder is conducted 
into a receiver or separator, where it is discharged by a 
nozzle pointing downwards. Any water carried in suspen- 
sion in the exbeust steam is thus deposited in this receiver 
and can be drawn off at the bottom as required, while the 
ex! aust steam itself escapes through a pipe led off from 
the top. The arrangement is shown by Fig. 2, and itand the 
other details will, we think, be readily understood from the 
engravings. It will be seen from the latter that the engine 
is compact and has ample bearing surfaces. 


. 





RevoLutTion Inprcators.—The Committee of the 
porn fw sinh vetihion 1 en 
Lt wy ‘or com; some 
pera Le awarded the medal to Mr. Thomas Alfeed 
Hearson, for his ‘ .”” Mr. Hearson’s ho- 
meter was illustrated and described by us on page 111 of 
our nineteenth volume. 














THE CORLISS ENGINE. 
Srm—The epi ef the Oo 
»—The writer o 
your last number of ENGINEERING, who pny 
‘ Another Constant Reader, P,”” has not read or 


Vv 
mith Me, Corliss onl tak comet ts numerous en- 
, of w honourable contradictor s 
pa gh Ay A A oy 
‘data of 


either to 
criticise, have not wh ty = hy hy 
the celebrated ee, oe must, me 
ranked those uctions more or copied or 
asst * 
It is, in fact, unjust on the part of those builders to 
present these apes wae Se eae Cee ames S it 


would be much more correct, it seems to me, if they think 
they have perfected or improved the engine, that each in- 








ventor should attach his own name to his invention without 
ving Mr. Corliss the honour or responsibility of a work 

g has not contributed to. My honourable con 

will allow me, I think, after this little explanation to render 

unto Cesar that which is Cwsar’s. 

England, who has won so laurels of this kind, will 
not be jealous for once of her little sister’s success. — 
respect to the experiments made or to be i 
Messrs. Donkin and Co.’s method, the ‘‘ Constant Reader, Pp 
nn | shoul eg Corliss, or to the _— 

ore mentioned myself no ne ene GOES 01 
him satisfaction upon this point. 

am, Sir, yours faithfully, 


A CoNnsTANT fEADER, G.S8. 
Ghent, May 23, 1876. 





on the Victorian 


VicrorRian Rartwars.—The recei; 
i cent. age a 


Government lines in 1874 were 
the er tayenrmer pe: for 1 


Mv ‘compared with 187 
ae 1873 
wer CSG ie canal one 


nearly 8 co in 
aed how- 
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DRILLING MACHINE AT THE 


PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY MESSRS. FERRIS AND MILES, ENGINEERS, PHILADELPHIA. 


WE annex illustrations of an upright drilling 
machine constructed by Messrs. Ferris and Miles, 
of Philadelphia, U.S.A., and shown by them at the 
Centennial International Exhibition. In its con- 
struction there are some improvements worthy 
of notice which have been patented by the 
makers. 

As will be seen by the engravings, the 
drill spindle A is counterbalanced by a weighted 
lever B attached directly to its upper extremity, 
this lever holding it up securely inst a 
fast collar on its lower end, and thus prevent- 
ing the breakage of drills by any lost motion. 
The spindle A receives its rotary motion by 
bevel gear, having the ratio of 3 to 1, placed 
near the top of the machine, the spur having its 
face downwards to avoid dust and dirt lodging 
in the teeth, The lower end of the spindle A 
is firmly supported in a bearing c of a long 
carriage or saddle C, which is gibbed to the 
guides D of the frame E, and traverses thereon 
a distance of 17 in. exactly i in the manner of a 
lathe carriage upon its bed. 

The carriage C has a rack e cut upon it, into 
which gears the pinion f, whose shaft F has a 
crank handle H fastened to it and a wormwheel 
G loose upon it, except when clamped by the 
pinch bolt o through the handle H. This pinch 
bolt has a wedge-shaped head which plays in the 
annular slot g of the wormwheel G and a pinch 
nut A outside of the handle H. By tightening 
this pinch nut the wedge-shaped head of the bolt o 
is jammed in the annular slot g, and the handle 
H is clamped firmly to the wormwheel G. 

The automatic feed motion is taken off the 
spindle A by a belt or strap working upon the 
cones j and J, the larger of which, J, is fast 
upon the rod K and, by revolving it serves to 
drive the worm screw L when clamped thereto 
by the friction disc M and pinch nut N in the 
conical handwheel Q. When thus clamped the 
screw L causes the wormwheel G to revolve. 
{t is therefore evident that when the pinch nut & 
is slack the carriage G, and with it the drill, 
may be thrown upward and downward rapidly 
or slowly at will by means of handle H, pinion 


TL 
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E, and rack c. When the pinch nut & is 
tightened the carriage may be traversed slowly, 
either by hand, by means of the conical hand 
— Q, or automatically by tightening the pinch 
nut N. 

It is to be observed that in releasing the feed 
motion to run the drill up, the operator’s hand, 
after releasing the pinch nut A, is in exactly the 
right place at handle H. Alsoin bringing down 
the drill to the point at which it is to have the 
feed put on, he has no additional movement or 
thought to make. It will also be noticed that 
the handle H, by its pinion f, takes hold directly 
of the carriage with no idler gears to be driven 











Cn 


2 _— 





as in the usual “ quick returns” of former ma- 
chines, and that the extremity of the spindle A guided by a 
traversing carriage C with long bearings, never protrudes 
from its bearings as in the old style machines. The drill is 
always equally distant from its support and must therefore 
drill a true hole. 

The machine is provided with a table swinging upon its 
column in the usual manner, but also traversing upon its 
bracket by a screw. The slide is arranged with a socket in 
such a@ manner that the table can be removed and a con- 
venient clamping vice secured in its place, also a pair of 
centres or an angle plate as may be required for various 
work. The machine i if lustrated is aaa of drilling a 13 in. 
hole out of solid at 15 in. distance from front of column. 








MR. LONGRIDGE’S LOCOMOTIVE. 
To THE Epiror oF ENGINEERING. 

S1r,—As a constant reader of your valuable paper I could 
not pass unnoticed the recent controversy rs have had 
with Mr. Longridge on his new locomotive. I quite concur 
with you in = criticisms, except on one point of import- 
mows —_ think Mr. Longridge is right. I refer to the 


and propose to show that the action 
of the Mie tetted ~ ow has no influence upon the distribution 
pressure. 


Allow me to go back to your i ee where 
you account for the existence of downward and 
pressures in this way (see ENGINEERING, page 346 of the 
present volume). 


enon a pe reel = will show 
supposing urning force exerted upon 
the axles e e! of the central bogie in the. direction of the 


a. ” 
suppose, that if the wheel h would 
, the rotation of the wheel f would 

direction ¢k round 1, 


cause the axle ¢ to move in the But 











its o Mak This holds good for any position 
Pasties i ao ar 
round ¢ (h 4), the wheel g revolves in the direc- 
Lon of the arréw, but 7 does not. tarn at all (absolutely). 
Itis, therefore, evident that an external force trying to ture 
the wheel f when h is fixed cannot impart to system a 
to move round #4, as you su 
Having shown what cannot happen, I I shall proceed to 
show what really is the result of the action of such a force. 
If the wheel f (Fig. 3) turns in the direction of Hoasrew; 
the eth F nas 6 teams > causes a downw: 


pressure the bea 
9 ‘is presed upwards by ~ beh same force » wae © tees 
ee ie tk a's [By Sf tooth D results in 














cannot add to the pressure of the 


<aevenptoding wapels oo tap. ens éash 


coward prs pressure in the midale of the bar. 
would be fixed, an external force P 

Sod f would culy resalt in ben 

arenas Bene A I have su 


wih ot ey 


by an equal 


> & 


always been of prof 
information. Finally, I beg to excuse the length 


: ded vensin, ie.gesatiot, 


ope 1876. Engineer: 
comsempentan® 5 nite right, and pert to Sad 
S nelee tae tee 


have 


round ¢ 
itself rotate  (needlutaly. —EpD 
sige rs pg oF sama oe 


ze fa frames fi eed wtth ol ee hich 
@, right amgles (vertically) to t  aaave 7B Had 
boiler,” &. "On ‘“" contrary the vertical frames termina 
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wheels i ied to the wheel, | reason to doubt.” My argument pointed to the costliness, RIVETTED JOINTS. 
whee bet tae othe, fee Oi to Retiets Sue bens lover in proportion to power, acting engines of any Kind.) _yj20.7H= Boron ov ENGINEERING. 
: tly cama ‘the other thirds | It en as an argument 1 IR,—The amoun discussion, oral and written, 
waits th My 0 at id number of revolutions for this . Tam told} which Mr. L. E. Fletcher’s recent paper.on the cedthes 


rough the rods, This is at once evident if 


we the point A to be in. the circumference of the 
heal whose axle is atg. 
Yours traly, 
J. A. Lonaripes. 
8, Westminster Chambers, May 21, 1876. } 

If, as Mr. Longridge now explains, the vertical frame 
attached to the boiler of his engine merely embraces a 
circular boss on a casting sliding in the guides on the 
bogie frame, the arrangement of course provides for the 
want of parallelism between the boiler and bogie frame, 
which we pointed out as a gs consequence of the 
action of the compensating levers. r. Longridge, how- 
ever, does not allude to this provision in his pamp , and 
we venture to think that few engineers would have suspected 
its existence from his drawings. In fact the only views in 
which the arrangement is indicated at all is the section 
which we reproduced on 282 of our number for April 
the 7th last. We oa erred to this —_ one — 
it in —— nction with the explanation whi r. Longri: 
now sends, and we find the circular bosses which are tra- 
versed by the dead axle, but nothing that would indicate 
that these bosses were capable of turning within gun-metal 
sliding straps. We are not for a moment questioning that the 
arrangement of which Mr. Longridge now gives a descrip- 
tion was provided in his — , but we do say that 
the drawings which he published of his engine are very in- 
complete and in many respects inaccurate, while Le | are 
certainly caleulated to convey the impression that the 
whole design was very crude. This being so it is not 
=e! hat ~~~ should arise on points of 
detail. regards the steering of the boiler, Mr. Long- 
ridge = to misunderstand what we said. Of course 
it is Mapated that the steering is effected by the anor 
of the w as Mr. Longridge appears to think, but what 
we stated, and still state, is that if, as Mr. Longridge 
admits, the boiler is ogre d free to traverse laterally on 
the end ies, then th 
wheels of the central bogie alone, and that the short wheel 
base of this bey compared with the great length of the 
boiler renders this an undesirable arrangement. 
the action of the ing, we much t to find that—as 
explained ina to the letter which precedes this—we 
have done Mr. Longridge an injustice. He is, however, in 
error as regards his remarks in his present letter about the 
forces P and Q in his former di . As we understand 
copia pried Basdts oak Loumniode: tbints 
cou) a A is 


remaining 

other pairs of wheels 
will not interfere with the action of the i 

much regret that on this point should have criticised 
Mr. Longridge’s design unjustly.—Ep. E.] 





THE THREE-CYLINDER ROLLING MILL 
ENGINE, 
. : To 7a ores  Bkerenantne, o, 
rR,—In e ou good 

publish al from me entitled rh above, and Peover hed 
a correction and two or three criticisms. In your following 
number appeared a reply, signed by Mr. E. B. Ellington, 
of Chester, who I presume is responsible for the design of 
the engine, and the information contained in your original 
article. I propose briefly to inquire how far he has disposed 


ms. 
oy, 25 the omerentien pe ie not = og his 
claim engine illustrated “ 
Sich a ee ee ght fyb Woy 
ree-cy ii 2 
rolls direct.” Not: further remains, therefore, te 
to be said upon this matter. 

With regard to my first criticism. Mr. no sl 
have misconceived what he meant. That is quite possible, 
not only as is m , but also other of your readers. 
I cannot admit that I have ived what he said. 
The term “dead centre,” unless accompanied by a defini- 
tion, is somewhat ambiguous. I have always been ac- 
customed to consider as ‘ centres’’ those points in the 
revolution of a crank, where the engine would not start if 
steam were put on, or where it would be liable to stick, if 
turned = | round against its average resistance. 

Taking Mr. ser pea more limited meaning, I 
ready to admit that h 


ing, but only three ‘ 
frat he has a 12-ton yw 
piece th h the 


is‘ particularly” well adapted for: this Purpose 


(rang mil), from the fact that it cy WO ge ’ regu- 


ty in running, is one of which not 


q 
that this engine can be constructed more chea 
inch of piston area than the latter ; which T have 


e steering must be effected by the | large 


that “‘ high s in itself is not to be desired,” & proposi- 
tion the ial 900 which is evident. No information as to 
the cost has been ba and, therefore, my second objec- 
tion remains undisturbed. 

As to my last criticism. I regret that here also Mr. 
Ellington’s remarks carry no conviction to my mind. He 
admits that in double-acting engines cushioning is required, 
with an implication that this is not the case in the three- 
cylinder single-acting engines. It is uired in the former 
case, in his opinion, chiefly because the piston with its 
attachments, after being brought to a standstill at the 
end of a stroke, is going to be forced back in an opposite 
direction by a new admission of steam, whereas in the 
latter case, after being equally brought to a standstill, it is 
going to be driven backwards by the crank pin reacting 
against the main ing. The conditions up to the 
destruction of the forward momentum of the reciprocating 

rts at the end of the stroke are identical in both cases. 

ey are different only during the succeeding stroke, before 
the commencement of which ——z relating to the first 
stroke is complete. As an unbeliever in the in ence of 
inert matter, I am quite at a loss to unders how it 
should demand different treatment at a given moment under 
identical conditions, because presently those conditions are 
about to differ. I contend that the duty of neutralising the 
momentum of the as ge we parts in the direction of 
the axis of the cylinder should, towards the end of the 
stroke, be seedivel in all good engines by the cover with a 
cushion of steam interposed, the various journals being 
relieved therefrom. Mr. Elli m describes how beauti- 
fully these journals may be e to receive it. I do not 
deny that they can, and that they must of necessity where 
there is no cylinder cover asin the present case. I contend, 
however, that this is wrong in i. leading to a 
needless wear and tear upon them all, coupled with a ten- 
dency to rock in the pedestals. In small engines, and in 
ones at low speeds, this evil effect wi ae bs | 

noticeable, especially while the engine is new. But 
doubt whether a large three-cylinder engine can be made to 
run at a higher velocity than any other, without at least 
equal liability to shake and greater liability to wear, and I 
pk Seg ¥ oe hn —? and at the 
8 of running of the mshaw engine, there is any 
special advantage in it, whilst the cost in proportion to the 
power given out must, I venture to think, have been exces- 

sive. 

Iam, — truly, 

EREMIAH Heap. 

P.S.—Since writing the above I have seen in your issue 

of the 19th a letter signed by my friend Mr. P. Brother- 
, as well as another by an anonymous correspondent. 
a fg sae a few additional remarks from me. 
r. Brother kindly reperuse m — 
criticisms, he will find that on Bp called forth by a 
description which you had publi of a particular three- 
— engine applied to a rolling mill, and claiming for 
it certain advantages. My words were “If, therefore, this 
engine is so constructed t there are no ‘dead centres,’ 
‘* the steam is here being used almost without expansion.’’ 
Mr. Brotherhood interprets me to have argued that - 
three-cylinder engines generally) the steam cannot 
worked expansively. The case as I put it I trust I have 


held responsible for. 

The term “short” connecting rod was not intended b 
me to convey the idea that connecting rods of any length 
whatever might not be used, though of course at the ex- 
pense of compactness. My endeavour was simply to point 
out, what Mr. Brotherhood seems to admit, viz., that for 
the Openshaw engine to start at any position of the crank, 
the steam could not be cut off before jths of the stroke. 
This would be — true even were the ing rods 
seven times the | of the crank. I am much obliged 
by his courteous offer to show me privately how the diffi- 
culty might be removed ae arrangements, but this, 
though intrinsically of interest, isa departure from the 
point at issue. 

In reply to Mr. Brotherhood’s question about floor-space 
occupied, I do not hesitate to say that the same indicated 

wer may yoy fe Pesan pene ter the same hod — 
oor-space in other types of rolling-mill engines, tho 
not perhaps horizontal ones. There are eee ond within 
as many miles of where I now am. 

With regard to neutralisation of the momentum of the 
reciprocating parts towards the end of the inward'stroke, 


am | Mr. Brotherhood seems to differ with Mr. Ellington as much 


as I do myself. He says, by implication, that cushioning is 
necessary in three-cylinder engines, and proceeds. to argue 
that the other cylinders (or one of them) do this necessary 
work for their remaining comrade, each in turn. But these 
can only act in the direction of their connecting-rods, which 
during the — of neutralisation are nearly at right 
angles with the direction of the momentum to be neutralised. 
Now, I presume it is not necessary for me to point out to 
= one familiar with mechanics, that the momentum of a 

y moving in a given direction can be absorbed as regards 
that direction only by an equivalent resistance in an opposite 
direction. No force at right angles can have any such 


effect, however great it may be. 

“W. T. C.’s” observations merely on the mean- 
ings we may agree to attach to the terms we use. I under- 
stand the term ‘ utilised of piston” to signify the 


per | number of feet Through which the piston load in 
eal are three cylinders, there 


minute 
each cylinder is raised. If there 
is clearly a treble load raised. But each load is still raised 
the same height per minute, and therefore the utilised speed 
of yiston remains unaltered. 8 





, Middlesbrough, May 23, 1876. 


— above. Arguments I have not used, I can hardly | 3 





boiler has stirred up conclusively proves the importance of 
the subject, and the interest taken in it. Your leader of 
May 19th is not the least in i he essays to 
which it has given rise. But all engineers will, I have no 
doubt, join in hoping that the matter will not rest here, and 
that the actual best proportions, for rivetted a will be 
finally determined by experiment, as proposed by Mr. Paget 
and Mr. Power. 

A consideration of some two hundred cases of failure of 
boilers, in évery one of which the plate, and not the rivets, 
had given way, led me some time = adopt the following 
proportions, which are not ifferent from those to 
which your calculations have led you. For single rivetting, 
taking the thickness of the plate as 1, or unity, the diameter 
of rivets should be taken as 1.7, the pitch of rivets as 4.6, 
and breadth of lap as 5.4. For double rivetting, the thick- 
ness of pos being again taken as unity, the diameter of 
rivets should be 1.7, breadth of lap 8.3, pitch of rivets in 
line 7.1, distance a of pitch lines 2.8, distance from edge 
of plate 2.7, or |half the breadth of lap for single rivetting. 
These proportions will hold good for plates from ry; in. to 
# in. thick. Having had no personal practice with thicker 

lates, I leave it to those whose actual experience will entitle 

hem to speak with authority on the subject to settle the 
dimensions. 

Early in 1871 I had occasion to order two boilers, and 
specified the rivetting to be in the above Freemans, which, 
for plates yz in. thick was as follows: Diameter of rivets 
(nominal) # in., ~ 2in., lap 2$ in. For the double 
rivetted joints (of which I subjoin a sketch) the lap was 
3% in., the pitch of rivets in line 3} in., the pitch in 
2 in., and the distance apart of pitch lines 1} in. It is evi- 
dent from the sketch that if the holes were enlarged by 
punching or rimering to # in. (which would certainly be the 
case in practice) the ing section in line and in zigzag 
are equal, and represent :743 of the section through the un- 
em plate, ole the phearing i aati nD of, the ae is 
-758, giving a gain of nearly cent. over the proportions 
adopted in the experimental boller. A well-known firm of 
boiler-makers, to whom I entrusted the work, declared the 
dimensions rous, and that it would be impossible to 
make tight work with the rivets so far aj ving 
several boilers built since that time with varying thick- 
ness of plate, but adhering to the same proportions, I 
ay or Serr sy that a step further in the same direction 
is feasible. 


pater 


Rivets & bian* 

















I would s t that a course of experiments be con- 
ucted somewhat as follows yon I think I may 
safely do, that there are far more boi 
in. thick than of other , let the proportions 
‘or that thickness be first settled, extend the ri- 
ments to other thicknesses, for which the first series of ex- 
periments a guide): Rivet together two plates, 
say, 3 ft. wide (1) with rivetting proportioned as above, (2) 
also with rivets spaced slightly wider apart, (3) also with 
rivets slightly nearer er ; if No. 2 or No. 3 give better 
when torn asi , inerease the proportions in the 
direction indicated. Having found by a experiment 
the proportion which will actually stand the greatest tensile 
Seok bibeata len, ce, erwin, Sort, Gapoalog toasting, 
rive’ in , or in zigzag; or by s rivets, 
ls oboe  abons Se camo outa dimensions as th 
ented on by Mr. Fletcher, but with plain e 
a not complicated by flue tubes, gusset stays, Ba cng 
steam domes, &c., and test it to bursting by hydraulic and 
by steam pressure. 

In opposition to many boiler-makers and others who 
took part in the late discussion, I would recommend that 
these experiments be made on plates with punched holes. A 
very large proportion of boilers are made will continue 
to be made, not by one or two large firms who have pine | 


appliance and facility for drilling the holes, but in 

workshops where the expense illing (and it is expen- 
sive if i on a small scale) will prevent it from 
8 ing punching. Let us definitely settle the strongest 
form of hed joint, and the.advocates of drilling will 
not be slow in profiting by the information thus gained, 


and any increase in strength that they can further show 
will be indisputably theirs, and will enable them to clear 
themselves from the imputation (not altogether undeserved) 
of comparing good drilling with punching. 

ours respectfully 


. 8. 
Abbey Engine Works, Nuneaton, May 24, 1876. 


amo bm reese ee We spain’ Ssh icone 
nence 0! crowded condition o galleries containing 
the Loan Collection of Scientifie tus, Mr. Stephenson, 
the President of the Institution of Civil Engineers, has felt 
in th ph peat dry ahyetmer se Se the ‘Louds of 
in those ; 

tho Couscil on ieivostion, i bill mow take pince in the 
South Kensington Museum itself, on lst 
June, from 9 to 12 p.m. 
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THE PHILADELPHIA EXHIBITION, 

We beg to announce that Mr, James DREDGE is 
now at Philadelphia, and that communications relati: 
to the International Centennial Kuhibition may 
ae to him at the Continental Hotel, at that 

ity. 





NOTICE OF MEETING. 

THE INSTITUTION oF OIvil ENGINEERS.—Tuesday, 
8 p.m. Discussion. on “The Permanent Way ‘of Railways.” 
ere, June 1st, at 9 p.m. The President's Conversazione at 
the South Kensington Museum, 
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THE PHILADELPHIA EXHIBITION. 

As an International Exhibition, the Centennial 
celebration at Fairmount Park, Philadelphia, must, 
80 far as its mechanical display is concerned, be 
acknowledged as a failure; as a national exhibi- 
tion it cannot. be ded as a complete success. 
But this international shortcoming reflects nothing 
upon the organisers and controllers of the Ex- 
hibition, They have prepared liberally and with 


' great judgment for foreign exhibitors, but foreign 


exhibitors have for the most part failed to accept 
ae ravens and ay facilities offered them. 
respect especially has England fallen short, and 
the show an 3 we makes in the Machinery Hall is 
one totally unworthy of the country and of the 
occasion, The causes of this failure are principally 
due to the short interval between the Vienna Ex- 
hibition and the present one, to the unsatisfactory 
results which followed the former, to the high import 
duties which throw English manufacturers out of 
competition in. many cases with Americans in the 
United States market, and to the indifference and 
want of knowledge about the .extent.of American 
trade, Sent peogrem, and the possibilities 
of future business, to these the fact that Mr. 
Owen found himself compelled .to retire from a 
post in which he was absolutely necessary, and at a 
moment when his services were most required, and 
that this post was filled by two, dgubtiess.” well 
meaning but totally inexperienced gentlemen, and 


ajin Philadelphia. An amusing: exam 


we have a variety of reasons which together account 
for our shortcomings. As an example of Mr. 
Owen’s value and the present result of his retire- 
ment, we have the fact that he was instrumental in 

inging together, in the Main Building, some 
— exhibits far finer than England showed at 

ienna, while on the other—his influence and —— 
being wanting—nearly half the exhibitors in the 
Machinery Hall have seceded, a portion of British 
floor space is handed over to Russia, and the 
1800 ft. of area in the Hydraulic Annexe is far too 
large for the purpose. 

One result. of this miserable display. will be to 
create a popular idea amongst a large majority of 
visitors to the Exhibition, that England’s mechanical 
resources are to be estimated by. her exhibits; and 
are proportional to the collection of the United 
States. And, again, it will be also ‘believed by 
many that we have withheld from exhibiting from a 
want of good feeling, and even from a hostile senti- 
ment against this celebration of the anniversary of 
a great national existence. That there is a tendency 
among Englishmen to regard Americans, American 
institutions, and American products with something 
very much like contempt; is as indisputable as it is 
foolish, and the feeling is very evident at this moment 
was given 
when one of the Galloway boilers fell and injured 
one end _— and part of the shell: The accident 
happened many weeks ago, and it lay in its damaged 
state on the day of the opening of the Exhibition, 
waiting for plates from England, because it was 
alleged that no steel plates suitable. for the purpose 
could be obtained in the United States. 

That England will suffer by her indifference and 
want of enterprise is, we think, very certain. ‘True, 
the import duties are great, in many cases prohibi- 
tive obstacles to trade, but there are many things 
that would, in spite of these, find a ready sale, 
and many patented machines that would find a 
ready and large market. ‘Take for example one 
case in - which a well-known firm concluded a 
year ago not to exhibit; one of the members, how- 
ever, has been for some months working in 
America, and has met with a very large measure 
of success in introducing the machinery which they 
have made a speciality. Now he realises the mistake 
his firm made in not exhibiting, and thanks to 
the courtesy of the Society of Mining Engineers, he 
has been enabled to display a small model in the 
American section. We take this example because it 
comes readily to hand, and exactly-illustrates the case. 

Further, some months since we pointed out in 
these columnsy that at Philadelphia would be 
gathered a very large number of foreigners from the 
various South American countries, who would greatly 
extend existing business relations, and open new 
connexions with exhibitors. We showed on that 
occasion that English manufacturers not only could 
compete, but compete with the utmost success with 
Americans in these markets, and we urged the serious 
ee ym ao = en The 
soundness of thi ent is already being proved, 
and itis beyond doubt that America will me tr 
benefit by her Exhibition in this direction alone, 
while we shall remain out of the race, at a time 
when we can least afford to allow competitors to 
distance us. 

Continental countries could not be expected to 
enter so thoroughly into this undertaking as our- 
selves, Yet Belgium makes a finer exhibit than we 
do, one that reflects great: credit upon the country, 
France, too, beats us, and Germaiy has forwarded at 
least one grand exhibit—the 58-ton Krupp gun— 
which the manufacturer could not have sent with 
trade purposes, knowing well that if even the 
American Government adopts the Broadwell system, 
they will build their guns themselves, and apply to 
Broadwell, himself an American, rather than to a 
foreigner for teaching. Sweden, too, has.shown the 
greatest energy, and if Austrian exhibits are insig- 
nificant, there is at least a good reason.for their 
being so. Of all European countries, therefore, 
England, which for all reasons ought to have done 
the most, has, in proportion. to her resources, done 
the least. j 

And to make matters even worse, the only means 
by which this deficiency could have been me A 5 
the only individual influence whichicould have been 
exerted to counteract national apathy has been re- 

ved, and we believe with good reason that this 

lving of Mr. Owen is the greater of the two evila. 
poor English display, while di ing and 
inting to the broad-minded American, may 





be a source of national pride to the narrow- 


minded one, as he draws a 


rison between the 
two countries foolishly unfavourable to ourselves, 


‘or a source of congratulation’ to the keen man of 
‘business who sees a dangerous competitor removed. 


But the absence of Mr. Owen in Philadelphia is 
felt almost like an international misfortune ie 


‘the leading men of the city, and although the 
‘utmost on deference is 
t 


layed towards the 
powers have brought about the change, this 
change is more the less felt as a great misfortune 


‘and a serious error. 


‘*No Englishman occupying a public position,” 
we have been told by ree Si Seesity lnthwested 
in the success of the Exhibition, ‘‘ ever created so 
favourable an’ impression in this city, or has ever 
been so useful to us in his counsels; all concerned 
in the welfare of the Exhibition felt deeply grateful 
to the authorities in England for sending to us so 
able a man, and his loss is regarded here with con- 
‘sternation.” And again, ‘‘ Every day brings with 
it some new difficulty, some question to be solved, 
some dangerous waters through which to navigate 
our Commission; had Mr. Owen been here all these 
difficulties would have disap , thanks to his 
‘counsel and experience.” ossibly it was the 
‘readiness on the of Mr. Owen that led ‘tu his 
resignation, possibly the earnest desire he had to 
bring England nearer to America by aiding Phila- 
delphia after a broad-minded fashion, was the instru- 
ment which displaced him. ‘ This we do not know, 
nor do we care to learn the details, for the simple 
fact remains that his loss is keenly felt here, and 
that the two gentlemen who succeeded him, doubt- 
less with all the desire in the world to succeed, 
cannot, together, fill the chair which Mr, Owen 
occupied alone, and the English Commission fills a 
position now no more important than the Commis- 
sion of Japan. In fact the latter is rather the more 
important of the two, and this unfortunate condi- 
tion of things will be remembered in the future. 
We said at the commencement of this article, 
that, as regards the mechanical exhibits, the Cen- 
tennial cannot be re ed entirely as a success as 
a national display. t this is so, is due wholly to 
the fact that the United States have, since 1873, 
passed through a period of deep commercial de- 
pression, following the panic in the early part of 
that year. At the present time even business is in 
the same condition as rules in Europe; very man 
manufacturers do not feel justified in exhibiting, 
who would otherwise have e so largely, others 
fear that the expenditure involved would be un- 
profitable. So, from these causes, there is not so 
good a representative show of machinery as would 
ve been collected in a more flourishing period. It 
would have been far better if the® Exhibition had 
not been held till two years later. The effects of 
the Vienna Exhibition would then have passed 
away, and trade, it is to be hoped, would have im- 
proved, but chronological necessity decreed this 
year, and the best had to be made of it, 
One marked result is, that in place of large in- 
dustries being represented by a number of makers, 
they are illustrated only by a very few, or even only 
by aw so that no opportunity of comparison is 


As regards the suitability of the buildings for the 
there can be no two opisions, and the 
and construction reflect utmost credit 
upon the joint — and architects, Mr. H. Pettit 
and Mr, J. M. Wilson. Comparison cannot be in- 
stituted between them and the extravagant buildings 
at Vienna, because utility and economy ‘have been 
the ruling object with the designers, and when it is 
remembered that the present Exhibition has cost 
only three-fifths of that at Vienna, there is no room 
left for doubt that the Americans have made by far 
the best use of the money. 





THE SETTLE AND CARLISLE . 

RAILWAY. ; 
Tue opening of the line of railway from Settle to 
Carlisle on the 1st instant marked another epoch in 
the history of the en ising Midland Kailway 
Company. At the same time it o for them an 
ind ent through route to the North, and affords 
increased facilities inthe same direction to passengers 
from the Southern districts of England. . It has 
enabled the company to establish a new service of 
Eecechlince, - Hiaving> Fegeed. to: dhe: hangin afl the 
Sco ines. ing re e @ 
through journey rg ab have endeavoured to 





reduce its tedi to i by: ing ‘on 
Pullman Asatvingwedia pe by dep et 3 x wey cars 
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night. They have also puton some of their own new | consists of ten arches, each of 45 ft. span. It is| Appleby Station is shortly afterwards 
vnek which consists of composite firstand third-class | 196 yards in length, and 97 ft. in height from} to Thich the North-E y SS a 


carriages 54 ft. long, 8 ft. wide, and 6 ft. 4 in. high 
at the sides, with raised roofs. These carriages are 
carried on two six-wheeled bogie frames, and are 
constructed to carry 58 gers, 18 first and 40 
third-class. Saloon on the same principle 
have also been introduced in which smokers and non- 
smokers are divided by a partition, free access to and 
from either compartment being permitted by a door. 
To complete the arrangements all the carriages are 
fitted with the Westinghouse continuous automatic 
air brake, which enables high speeds to be main- 
tained nearly into the stations, and excellent, and 
practically unfelt, stoppages to be made. Our ex- 
perience enables us to 8 most favourably of 
these new carriages and all their arrangements. In 
order still further to meet the exigencies of the long 
northern journey the Company have also established 
a comfortable dining-room at Normanton, where the 
up and down day express trains stop for half an hour. 

But it is with the Settle and Carlisle line and its 
construction that we aremore immediately concerned, 
and having recently, through the courtesy of Mr. 
J.8. Crossley and Mr. John Underwood, the engi- 
neers of the Midland Railway, made an inspection of 
the new line, we purpose to bring its leading features 
under the notice of our readers. The line has a 
history antecedent to its construction, The first Act 
was obtained so far back as 1866, but in 1869, 
owing to the financial crisis which had then made 
itself widely felt, the shareholders determined to 
abandon their Act. Parliament, however, refused 
to allow them to do so, and the Midland Company 
were compelled to make the line. The course 
having been determined by Mr. Crossley, the first 
sod was cut near Anley in November, 1869. 

The line commences by a junction with the Mid- 
land main line, or what was formerly known as the 
Settle North-Western Railway, at a point two miles 
on the Bradford side of the old Setile station. The 
new station is a neat freestone structure, and is 
situated at the base of a valley down which the 
River Ribble flows, the line following the course of 
the valley and crossing and recrossing the river 
several times. ‘There are also cottages for the ser- 
vants of the company and a goods shed. The line 
rises for the first 15 miles, that is, from Settle to 
Blea Moor, on an incline of 1 in 100 only, the con- 
tinuity of which is occasionally broken by a short 
piece of level or of very flat gradient. The line 
then continues by similar flat gradients and short 
lengths of level to the 25th mile, near Ais Gill Via- 
duct, where the summit level of the line is attained. 
From thence the line descends by ruling gradients 
of 1 in 100 to Ormside at the 40th mile. Itis then 
carried for 82} miles more to Carlisle on easy, and 
for the most descending gradients, with occa- 
sional short lengths of level. The total length of 
the line is 72} miles. 

After leaving Settle, the first tunnel, a short one, 
is met with at the 4th mile on the line, This is 
Taitland’s tunnel, and it is 12] yards in length. 
Just beyond this is a good example of a skew bridge 
in masonry which carries the railway over the River 
Ribble. Tt is 144 ft. long, has three arches each 
of 30 ft. span, the extreme height from ground to 
rail level being 49 ft. After passing through some 
heavy cuttings in ~~ slate 70 ft. deep in some 
places, Horton in Ribblesdale station is reached at 
the 8th mile. Leaving Horton, the line passes, 
chiefly on embankment, through a wild run of fine 
moorland country to Batty Green, where a station 
is in course of construction at 12} miles. Batty 
Moss Viaduct is reached at 13 miles. ‘This viaduct is a 
fine structure builtin masonry—as are all the viaducts 
on this line—and on the curve. It is 443 yards in 
length, has 24 arches, each of 45 ft. span, the ex- 
treme height from ground to rail level being 102 ft. 
The foundations of the piers had to be carried down 
for 25 ft. through peat and clay to the rock beneath. 
At the 15th mile occurs the heaviest work on the 
line, which is Blea Moor Tunnel. This tunnel—as 
are all the others on this line—is of the ordin 
horse-shoe section, and is lined with masonry. "Te 
has four ventilating shafts, is 2640 yards in length, 
and from rail level to the summit of the hill over 
it measures 500 ft.’ It commences on a rising 
gradient of 1 in 100, has then a short length of level, 
and finishes on a descending gradient of | in 440 for 
a little more than a mile. 

The line then enters the Valley of the Dent, up 
which it continues its course, the scenery along 


ground to rail leve e next is Arten Gill Viaduct, 
which is 220 yards long and has eleven arches each 
of 45 ft. span, the height from ground level to rails 
being 117 ft. 6 in. above the level of the ground 
below. It is built with a local stone known as 
Dent marble. Great difficulties were experienced 
here with the foundations, the piers having to be 
carried down from 35 ft. to 53 ft. to the rock below, 
The contract for the first 17 miles of the line—which 
is a point near Arten Gill Viaduct—was originally 
let to Mr. Ashwell, out of whose hands, however, 
the company had to take it, and Mr. Crossley con- 
structed the line thus far without a contractor. 
Contract No, 2, which was for 17 miles also, was 
entrusted to Messrs. Benton and Woodiwiss, We 
next reach at 19 miles the Rise Hill Tunnel, which 
is on the curve, and which has two ventilating shafts. 
This tunnel is on the level for nearly its entire 
7 and is 1217 yards long. 

The line now emerges into Garsdale, and at 22 
miles is Hawes Junction, the station of which is 
not yet completed. From this point will be carried 
the new line, 6 miles in length, to Hawes. Just 
beyond the junction is the Dandry Mire Viaduct, 
which is 230 yards in length, has twelve arches of 
45 ft. span, and is 48ft.7 in. high from ground to 
rail level. Then comes the Moor Cock Tunnel, 
which is 98 yards long. At 23 miles is Lund’s 
Viaduct, which is 103 yards long, has five arches of 
45 ft. span, and is 52 ft. 6in. high from ground to 
rails. At 24 miles is Shot Lock Tunnel, which is 
107 yards in length, and at 26 miles, just past the 
summit of the line is Ais Gill Viaduct, 73 yards 
long, 65 ft. high, and having four arches of the same 
width as before. The altitude of the railway at 
the summit is 1167 ft. above sea level. The. line 
then falls towards Carlisle, the ruling gradient 
being 1 in 100 as previously mentioned. Birkett 
Tunnel occurs near the 30th mile, and is 425 yards 
in length. On emerging from this tunnel some 
fine hill scenery comes in sight on the right of the 
line, the forest of Mallerstang being also in view. 
The line here 8s over an embankment about 
100 ft. high. is work proceeded very slowly, the 
tipping at one time going on for more than twelve 
months without any forward progress being made 
owing to the nature of the soil which, being slurry, 
ran about everywhere, settling down and forming 
an enormously broad base. At 32 miles is the 
Kirkby Stephen Station, which is built of freestone, 
and about a mile to the right is the North-Eastern 
Station and beyond that the town of Kirkby 
Stephen. A little further on the line crosses the 
North-Eastern Railway, and at 34 miles the Smar- 
dale Viaduct, which is the highest on the Midland 
system, is reached. ‘This viaduct, which carries the 
line over the South Durham section of the North- 
Eastern Railway, is 234 yards long, has twelve 
arches of 45 ft. span, and is 128 ft. 6in. high from 
ground to rails. To avoid repetition we may men- 
tion that the heights of the viaducts are all measured 
between these two points. The river here appeared 
to be running upon the solid rock, but when the 
foundations for the piers were commenced the con- 
tractors had to go down 45 ft. through the clay to 
the shale upon which the piers are built. The 
viaduct is of grey limestone and its construction 
occupied 4} years. At this point contract No. 2 
ends, and it included 47 cuttings, 5 viaducts, 4 
tunnels, 68 road bridges, and 100 culverts. No. 3 
— for 15 miles was let to Mr. Joseph Fir- 

ank, 

Next to the Smardale Viaduct comes the Crosby 
Garrett Tunnel and the viaduct of the same name. 
The former is 183 yards long; the latter 117 yards 
long, 54 ft. 6 in. high, and has six arches of 37 ft. 
6in. span each, At 35 miles is the Crosby Garrett 
Station, a neat building in red sandstone, which 
material now for the most part supersedes the free- 
stone hitherto met with in the works of the line. 
The Crosby Garrett Viaduct crosses the village from 
which it derives its name, The country here loses 
its wild character, and is largely under cultivation. 
In the distance to the right is the mountain range 
which runs from Warcop Fell to Cola Fell, and upon 
which snow was visible in many places at the time 
of our recent visit. At 37 miles is the Griseburn 
Viaduct, which is 14] long, 73 ft. 6 in. high, 
and has seven arches of 45 ft. . Aile further 
on is the Helm Tunnel, which is 572 yards in length. 
Ormaside Station occurs at 40 miles, and just beyond 
it is the Ormside Viaduct, which is 200 yards ; 





which is very fine. Two viaducts are here met 
with, the first being that of Dent’s Head, which 





88 ft, high, and has ten arches of 45 ft. 


station at present. It will, however, eventually be 
given up, and the North-Eastern Company will use 
the Midland Company’s station, which is 525 ft. 
above sea level. Leaving Appleby, the railway 
crosses the Eden Valley line of the North-Easters 
system by a wrought-iron girder bridge. At 45 miles 
is the Long Martcn Viaduct and station. The viaduct 
oe over Trout Beck, and is 107 yards long, 63 ft. 

igh, and has five arches of 45 ft. span. After pass- 
ing Long Marton some heavy cuttings are en- 
cm Ames and some bad land slips have occurred. 
Near the 43rd mile is the New Biggin Station, near 
which Contract No. 3 ends at about 49 miles, and 
Contract No. 4—which was let to Mr. Bayliss—com- 
mences and continues to Carlisle. Crowdundle 
Viaduct is next reached, just beyond which is a fine 
red sandstone occupation bridge, 63 ft. high. Crow- 
dundle Viaduct is 86 yards long, 52 ft. high, and 
has four arches of 45 ft. span. Between the 50th 
and the 51st mile are the Culgaith and the Waste- 
banks Tunnels. The former is 661 yards and the 
latter 164 yards in length. Just beyond the tunnels, 
and on the left of the line, is the confluence of the 
rivers Eamont and Eden, the waters of which 
thenceforth flow on right away through Carlisle 
under the latter name. Longwathley Station occurs 
at 53} miles, and a mile further on is the viaduct of 
the same name, which is 134 yards long, 58 ft. 6 in. 
high, and has seven arches of 45 ft. span each. 
Little Salkeld Station is situated at the 55th mile, 
and the Salkeld Viaduct, which is 138 yards long, 
55 ft. high, with seven arches of 45 ft. each, is just 
beyond the 56th mile. The River Eden is here 
crossed by abridge. Soon a covered way, 100 yards 
in length, o into Lazonby Station, a somewhat 
extensive collection of buildings, and including 
a number of neat-looking houses which are now in 
course of construction for the servants of the com- 
pany. The River Eden here follows a winding 
course through the valley below on the right of the 
line, Two tunnels passing under Baron Wood are 
met with at the 6lst mile. The first is 207 yards 
and the second 251 yards in length. The Arma- 
thwaite Tunnel, which is the last on the line, and 
is 325 yards in length, occurs at the 62nd mile. 
Soon afterwards the viaduct of the same name is 
reached, and which is 176 yards long, 82 ft. high, 
and has nine arches of 45 ft. span. Some heavy 
embankments occur nearhere, one of which contains 
400,000 cubic yards of material. After passing Dry 
Beck Viaduct, which is 142 yards long, 83 ft. high, 
and has seven arches of 45 ft. each, a turnpike-road 
level crossing occurs, which is worthy of note from 
the circumstance of its being the only one on this 
line. A little further on the River Eden winds in 
close proximity to the foot of the railway embank- 
ment. At this point, known as Eden Brow, a land- 
slip has occurred, several acres of ground ang 
shifted. The river itself was moved laterally, an 
the stream obstructed, its course having to be cleared 
to restore the free —_ of the water. 

At 66 miles the viaduct—that of Hurst-hill— 
occurs. Itis 93 yardslong, 62 ft, high, and has four 
arches of 45 ft. spaneach. Just beyond is the Cote- 
hill Station, Cumwhinton Station being about 
3 miles lower down theline. Scotby Station is just 
beyond the 70th mile. Finally we reach Duranhall 
siding and bridge, and a short distance beyond, at 
724 miles, the Settle and Carlisle Railway joins the 
Newcastle and Carlisle line of the North-Eastern 
Company. 

Such in brief is the Settle and Carlisle Railway, 
a line rich in engineering problems which have been 
admirably solved by Mr. Crossley, whose duties 
have throughout been performed in no mere per- 
functory manner. On the contrary, he has from 
first to last, both in designing and executing the 
works, evinced that zeal for and taken that material 
interest in, the line, which should win for him the last- 
ing gratitude of the Company. The cost of the line 
has been very heavy, for besides the works we have 
enumerated there are a large number of bridges, both 
of iron and stone, under and over the line, as well as 
numerous culverts, some of them of large size. The 
original estimate has been exceeded, owing to diffi- 
culties which arose with respect to labour a year 
after the works were commenced, when a great and 
unforeseen rise in the price of labour took place. 
The whole of the works have been excellently carried 
out under the superintending care of Mr. Under- 
wood, whose post in the matter has been no sinecure. 
The line is laid with a double track of 82 lb. double- 
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vided where necessary. In conclusion we may 
mention that it is our intention to publish drawings 
of the chief viaducts and bridges, which we shall be 
enabled to do through the courtesy of the engineers 
of the Midland Railway. 


TITE STRENGTH OF STEAM BOILERS. 

WE intimated in our article on ‘‘ Riveted Joints” 
last week that a valuable experiment had just been 
made at the works of Messrs. John Elder and Co., of 
Glasgow, namely, the bursting of a large marine 
boiler by hydraulic pressure. eare not yet able to 
place the detailed results of this experiment before 
our readers, but we have to inform those who may 
be competes the bursting pressure we gave with that 
of the Manchester boiler, that the boiler burst at 
Glasgow had been in use six years, whereas the 
Manchester boiler was a new one. 

As this subject is being at present so much dis- 
cussed by engineers, we have considered it necessary 
to return again to the letter of Mr. Robert Wilson in 
our last number, and which was referred to in our 
article on ‘‘ Riveted Joints” last week. 

There are some points raised by Mr. Wilson 
which may be profitably discussed by us. There is 
the policy of a Government department condemned 
and a course chalked out for its adoption which 
seems so very reasonable that any general reader 
will at once fall in with the suggestion without 
thinking whether or not it is within the province of 
the Board of Trade to make “a fresh series of tests 
under conditions of pressure, attachment, and con- 
tortion, more like those that are found in the actual 
working of boilers, instead of modifying Fairbairn’s 
rule, deduced from experiments.” Is such work the 
proper function of the Board of Trade? Certainly 
not, and we feel satisfied that Mr. Wilson has, in 
this instance, allowed his well-known desire for 
exact experimental knowledge on all questions of 
boiler strength to overrun his political principles of 
national finance. The Board of Trade cannot in- 
augurate any series of experiments for the advance. 
ment of knowledge; its duty is to intelligently apply 
existing knowledge and received principles to the 
inspection of machinery affecting the safety of life. 
The Admiralty is a department performing quite 
another class of duties, especially the work of the 
construction of our Navy, and it is, therefore, the 
legitimate province of the Admiralty to carry out at 
least a proportionate amount of experiments on the 
full-size scale to satisfy themselves in regard to all 
such questions as that now before us, namely, the 
strength of circular flues, 

The work of experimenting on the large scale is 
being, on the whole, so well carried out by private 
firms and associations, and in the navy yards of 
different countries, that there is really no need of 
special Government interference in this direction. 
A Board of Trade rule can easily be weighed against 
the results thus obtained, and if it be found wanting 
it must be altered. 

The week before last we gave a correction of 
Fairbairn’s rule, a correction which we believe to 
have been first made by the Board of Trade engi- 
neers ; Mr. Wilson, however, instead of giving them 
credit for intelligently interpreting a misunderstood 

roposition, shifts the formula from its seat on 
‘airbairn’s experiments on to the general experience 
of boilers at work and under hydraulic pressure. It 
appears to us that the wonderful applicability of 

airbairn’s formula, using C?, in certain cases, not- 
withstanding its fundamental wide divergence from 
even his own experiments, is in a great measure 
owing to the introduction of another error in the 
opposite direction to the first. The C* gives the 
pressure on actual flues much too high, and the use 
of L asa divisor gives the pressure in long flues 
much below their real strength, and in this way 
peebey the formula has by the merest chance been 
kept afloat. The Board of Trade rule uses L+1 
instead of L in the denominator for the pressure to 
be allowed, and at the meeting of the Mechanical 
Engineers, Mr. Hawksley pointed out that in the 
case of an infinitely long flue, the pressure allowed 
would be zi/. Marine boilers are the structures for 
which the rule in question is employed, and the 
nature of the reduction in pressure that is allowed 
by using L as the divisor, as Fairbairn does, or 
by using L+1, as in the Board of Trade rule, may 
be well illustrated by its analogy to the re- 
duction of the pressure of steam by expansion in a 
steam cylinder, Imagine a steam cylinder, the 
stroke of the piston the same length as the length 
of a given flue, which according to Fairbairn’s rule 
can support, say, 100 lb. pressure, and let the 








pressure in the cylinder be 100 lb. at the end of 
the stroke. Compress the steam by moving the 
piston back to any other position, the pressure 
the steam would then have is the pressure which 
the flue of the length of the space filled by the 
steam would be capable of sustaining. If there is 
no clearance, as the piston moves nearer and nearer 
the cylinder, it is evident that the pressure 
weuld increase up to infinity, and the increase 
would be very “ns towards the last, and in the 
case of the cylindrical flue it would greatly exceed 
the crushing force the material could sustain. 
The Board of Trade rule, on the other hand, works 
upon a clearance space equal to one foot of the 
length, so that this excessive increase in the pres- 
sure allowed on short flues is avoided, and at the 
same time the diminution of pressure for increase of 
length is somewhat less rapid than by Fairbairn’s 
rule. We are at present considering only the 
principle of the formula, and it — to us that 
the substitution of L+1 instead of L is step one in 
the right direction, and that L+2 would be step two, 
and a desirable step away from the often questioned 
L divisor, 

In our former article on this subject, page 392, 
May 12, we showed that the average coefficient 
derived from Fairbairn’s experiment was 465,314, 
instead of the generally received 806,300. In marine 
boilers, for which the Board of Trade rule is in - 
tended, the furnaces are generally about 6 ft, or 
7 ft. in length. For 6 ft. length that rule gives 

C* _ 90,000 C? __ Cc: 
90,000 i+pD 7 ——=12,857 — 
Fairbairn’s rule with the coefficient corrected is 


and as 


bairn’s experiments with a factor of safety six. 
Fairbairn’s experiments with hydraulic pressure 
cannot be set against the actual conditions of 


furnace tube pressure as an equivalent test. The|¢ 


factor of safety for plates exposed to flame and 
sometimes sustaining an enormous longitudinal 
compression, — by expansion, is required to 
be considerably ee than that for any other part 
of the boiler, and surely, therefore, this margin 
allowed in the Board of Trade rule is not unreason- 
able. Mr. Wilson says, and we believe the state- 
ment, that thousands of boiler flues are working at 

ressures 44 times greater than would be allowed 
by the Board of Trade rule. This goes to prove 
that Fairbairn’s law of pressure inversely as the 
length is wrong, but as long as that law is upheld 
by men of Mr. Wilson’s standing the Board of 
Trade would not be justified in increasing the pres- 
sures allowed in opposition to a currently accepted 
principle. We have shown that the factor of safety 
allowed by the Board of Trade rule is 6 when the 
length of flue is 6 ft., the factor is less for longer 
flues and it is to those we believe Mr. Wilson to be 
referring. If Fairbairn’s law of length is correct, 
then these flues working at 45 1b. where the Board 
of Trade rule would allow only 10 lb., must be work- 
ing at about three-fourths of the collapsing pressure. 

We think we have here proved a state of matters 
that requires rectification. 

The value of practical tests in a question of this 
kind is so great that we gladly avail ourselves of 
notes of an experiment lately carried out by the 
direction of Mr. W. W. W. Wood, the Engineer.in- 
Chief of the United States Navy, at Washington. 

The vessels of Swatara class in the United States 
navy required new boilers ; these were to be cylin- 
drical shells with one large furnace in each, diameter 
of tube 4 ft. 6 in., the working pressure to be 80 lb. 
on the squareinch. It was desirable to make these 
furnaces of as thin plates as could be safely used 
for that pressure, and to ascertain the proper thick- 
ness an experimental tube was made 4 ft. 6 in. in 
diameter, of plates } in. thick and 6 ft. long with a 
flanged ring at the half length. This tube was built 
in a shell 5 ft. 3 in, in diameter made of ? in. plates. 
According to Fairbairn’s rule this tube would col- 
lapse at 

806,300 ea =310 Ib. pressure. 


According to the Board of Trade rule the working 
pressure would be se 


2 
—— = 26 lb. 
90,000 =x5i 





x 
That is only the eighteenth part of Fairbairn’s rale | 


in its usual form, 








The experimental tube commenced to bi at 
100 lb. ure; at 130 lb, various om iio 
appe having no connexion with the seams. The 
seams were butted and strapped, double riveted. 
In the first set of experiments only one of the rings of 
the tube gave way. The bulges were shored up 
and the testing gone on with when the other tube 
began to bulge at 128 lb. There were four bulges 
in the first ring, the first three came in succession 
close to each other just after one was shored up 
another came close to it. The fourth b at 130 1b. 
came in the only place that remained unshored. 
The depth of the bulges before they were shored 
was l}in., 2in., 2hin.,3}in. Between the adjacent 
bulgings the plate bulged outwards a small amount. 

After going to the expense of this experiment to 
‘ gati themselves with actual tests, instead of 
modifying Fairbairn’s rule,” the furnace tube 
adopted by them is 6 ft, 9 in. long, divided by 
flanged rings into three congas each 2 ft. 3 in. 
long of half-inch plates. They have made ten 
boilers on these dimensions, 

According to the Board of Trade formula the tube 
adopted by the Washington engineers for 80 lb. 
— after actually testing a tube would have 

mn allowed = 
90,0005 35x54 
But there is a rider clause included in the rule 


=128 Ib. pressure, 





which — or might not reduce the pressure to 
74 00 he rule is as follows for such a furnace 
tube: 


‘* Circular Furnaces.—Circular furnaces with the 
longitudinal joints welded or made with a butt 
strap : 

90,000 the square of the thickness of the plate in inches_ 
_ (Length in feet +1)x diameter in inches 

working pressure per square inch. Without the 
Board’s special approval of the plans, the pressure 
is in no case to exceed 

8000 x thickness in inches 

Diameter in inches ~ 

The length to be measured between the rings ifthe - 
urnace is made with rings.” 

The intention of this rider is evidently to keep the 
compression strain on the furnace plates within 
4000 lb. on the square inch. We think this a most 
important consideration, and for plates exposed to 
flame the strain limit given is perhaps a reasonable 

rovision, The ‘special approval” reserved for the 

oard would in the case of the Swatara’s boilers 
nary | have extended to something more than 
the 80 lb. pressure for which they have been con- 
structed. In this instance it seems that the Board 
of Trade rule for circular furnaces is, as nearly as 
any formula could be, equivalent to the result of 
actual full size tests and to practice established on 
these tests, 

Inserting the factor of safety, six, which we found 
by comparing with our correction of Fairbairn’s 
formula, we get: 

-257 _. 
6x 90,000x ——— = 156, 


the collapsing pressure for the experimental tube, 
At 130 Ib. the collapsing had so far advanced that 
it is evident 156 is rather above than under the true 
collapsing pressure. This is a remarkable corrobora- 











tion of the formula used by the Board of Trade. 


We do not, however, mean to say that the Board 


of Trade rule is correct; indeed, we think quite 


otherwise ; we believe it to be at best a makeshift, 
and we have, therefore, only examined it according 
to the principle we have stated, that the rules of a 
protective Government department, be they right 
or be they wrong, ought to be the cream of settled 
experience, 





THE PATENT BILL. 
In our last issue we mentioned having received a 
of suggestions for amendments in the Patent 
Bill bya Committee of London Patent Agents. These 
suggestions bear the names of Messrs. Abel, Brookes, 
W. and A, ee Imray, Johnson, Murdoch, 
W. E. and A. O. Newton, Spence, and W. Lloyd 
Wise, and are therefore entitled to very attentive 
consideration. 
Indeed, the Committee state that success in in- 
ducing the Lord Chancellor to adopt the greater 
of the suggestions they made on the Bill of 
875 has emboldened them to submit these altera- 
tionsunder notice, which they are p as practical 
men to recommend in reference to the present Bill. 
The Committee begin by joni. out that the 
effect of the fifth section of Bill is to continue 
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cogent, They say models of the class contemplated 
are very expensive, and are after all a poor sub- 
stitute for good drawings, and that théy are only 
useful when it is necessary to éxplain mechanical 
matters to persons who are not educated to under- 
stand mechanical drawings. ‘The’ practice of the 
United States Patent Office will-throw considerable 
light on this point. am 

Although there are many things in which we 
might advantageously copy our American cousins, 
this practice of requiring models is not one of them, 
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unchanged the existing Commission of Patents, | the proposed system of examination. We think the 
which is not a satisfactory body to organise an en- patent ts are over sanguine. It seems to us that 
tirelynew m forgranting ts. It issuggested under a Bill which provides for the report of an ex- 
that the ission should be so organised as  aminer as to his opinion ‘* whether, by reason of the 
to be the real thinking, originating, and controlling frivolous character of the invention it is not worthy 
head of the Patent Office, and, being so organised, | of a patent,” even an licant who has described a 
should have the entire and undivided control of the | new invention in full and clear terms might, and often 
issue of patents. With this view it is proposed to | would, be refused a patent. Even if not refused a 
add three salaried persons to the present Commis- | pateee he would, according to the Bill, be hampered 
sion, and that two of these persons should be by the annexation of a report which might do him 
specially qualified by scientific knowledge. This incalculable harm and injustice. But on the main 








ve 
. 


roposal is sound, It is truly said that mere |suggestionthat reference to the Attorney or Solicitor-|nor is the publishing of patent specifications in 
Locerary appointments will be useless, the duties | General should be abolished, we quite agree with the | small type, with drawings photo-lithog hed to a 
Committee. Nothing could be worse than the ir+|small scale, at all a desirable thing.. Nevertheless 


to be performed by the Commissioners being not 
only most important and responsible, but also heavy | regularities of the present practice. Cases of objection | we believe our authorities seriously entertain the 
and continuous, and such as to require the very | have to be heard at most inconvenient times, ne- | notion of so doing. And why? For two reasons, 
careful attention of persons having a wide range of | cessitating in some instances adjournments and con-|as far as we can make out. “ Cheeseparing”— 

sequent expense, which under a better system|not public convenience—is at the root of ro 


mechanical knowledge. 
It is also suggested that a patent examiner should, | would be obviated, besides which different law|reasons, The one reason is that in the altered form 
in every case, be required to ss a knowledge | Officers differ in their practice, rendering the course | the specifications will cost less to print. The other 
of action in any given case very uncertain. Should | reason is that because we have as our Patent Office 


of mechanics, manufactures, chemistry, or natural 
science —that mere legal knowledge is insuflicient— | the provisions of the Bill be carried out, there can be 


and that instead of the number of examiners being | 20 doubt that in practice the law officer would be 
limited, as proposed in the Bill, there should be as guided by the examiner's opinion, and men of/time when there will be no room left for the recep- 
many as the Commissioners may find necessary. limited means who sought a patent would be stopped, | tion of specifications, and it is thoughf to delay the 
The force of this recommendation will be evident | a8 iseven now sometimes the case, by their inability to | advent of this epoch at the expense of public con- 
when it is borne in mind that at present patents are | meet the expense of a resort to the Lord Chancellor, venience by publishing the specifications in smaller 
being applied for, in round numbers, at the average Moreover, if the examiner saipnnaes a case, it does | form than at present and without covers. And all 
rate of about 5500 per annum, so that, making allow- | not seem at all probable the Chancellor, with | this in face of the fact that there is at the present 
ances for absence daring the usual official vacations, | his multifarious duties and lack of technical know- time in hand a rapidly growing surplus far exceed- 
and on public holidays, as well as inevitable absences | !edge, would be able to set the matter right. ing a million sterling derived from hard-working 
now om then owing to illness, it cannot be reckoned} It is suggested that the power to enlarge the time | men of brains. . Instead of exerting himself to take 
that each examiner will have to deal, in some | for a renewal ofa patent should be exercised by the | away from inventors what few facilities they may 
way or other, with less than at the rate of three | Commissioners, not by the Chancellor, and that the rat cae why does not the Lord Chancellor 
applications per day, assuming the number of ex.| limit of time should be extended to, say, twelv¢| introduce a Bill to provide a new Patent Office 
aminers to be limited in the manner proposed in| months. Experience has shown that the discovery | worthy of our country? Do he and his friends who 
the Lord Chancellor's Bill. But this is not all. ‘The | by the patentee of the non-payment of the renewal | are so anxious to hamper inventors for one moment, 
Bill provides that the examiners and assistant ex- | fee is not usually made until months after the pay- | think we owe nothing to inventors and patentees for 
aminers shall perform in the Patent Office such | ment has become due. our national pre-eminenee? Are they so absorbed 
duties in relation to the arranging, abridging, in-| The nineteenth section of the Bill prohibits ajin the importance and sufficiency of lawyers and 
dexing, or otherwise of specifications as the Com-| patent being granted for a foreign invention after | legislators as to forget that we must keep on progres- 
missioners direct. The provisions in the Bill with | six months from the date of the foreign patent. It|ing in mining, cotton spinning, steam navigation, 
reference to the examiners and their duties, are such | is pointed out as advisable that the foreign inventor | and the thousand other things to the improvement 
as to make it apparent to any one with even asmall should bring his invention to this country in a|of which inventive minds are constantly directed ? 
knowledge of patent matters, that the promoters of | mature form, and that therefore the above limita.| We certainly think some of the speeches that have 
the Bill have either failed most completely to/| tion should not hold, but that.eo long as the patent | ere now been made in both Houses of Parliament 
realise the work involved in carrying out the pro-| is applied for here within six months of the publica-|0n the patent question have been unworthy of 
posed system of examination, or else—and perhaps | tion in the United Kingdom of the invention by the | Englishmen, and have displayed deplorable igno- 
this is the true interpretation—they are determined | circulation or republication of the foreign patent, or|Tance of the benefits this country has derived, 
to put practically a stop to patents. We know that | of a specification connected therewith, it should be|@0d does derive, from the productions of those 
last year representations were made to the Lord | valid. Exception is also taken to the provision that who have been stimulated to exertion as men 
Chancellor as to the utter inadequacy of the pro- | 4 patent for an invention made abroad shall cease on | in all professions and callings are—by the prospect 
posed staff of examiners, and the fact that he has | the cessor of the foreign patent which first ceases, of reward. That reward, in the inventor's case, is 
not seen proper to increase their number in the | This provision, intended as a protection to English | derivable under the Patent Laws. Those legis- 
present Bill looks very threatening. All interested | manufacturers, and to insure that they shall not|lators who wish to restrict the rights of inventors 
in inventions will do well to exert themselves in| have to pay royalty to the patentee, when the foreign| may be very profound in theif wisdom as to 
opposition to the Bill,so that the House of Commons | manufacturer is free from that burden in conse. | “frivolous” inventions. Let them, however, re- 
may be made thoroughly acquainted with the views | quence of the foreign patent having ceased to be 
so widely entertained by practical people on the|in force, will operate in practice adversely to the 
patent question. Inventors and others are, we fear, | English manufacturer, It will prevent the foreign 
too apt to seek repose in the reflection that some | inventor (say an American) taking patents in other 
one else will take up the question. Everybody’s | foreign countries, where patents are only granted 
business is nobody's business. Every man who| for a short term, as in Prussia and Russia, or 
finds his best interests and those of his country | where they are liable to cease in consequence of 
threatened should exert himself to avert the evil, difficulties in bringing the invention into operation, 
and we hope that this will be done with heartiness| as in France and Belgium. In the face of this 
in the case of the patent Bill. clause American inventors will avoid taking Con- 
But to return to the suggestions. The ninth sec- tinental patents, in order not to jeopardise their 
tion.of the Bill provides that the examiners shall be English patent, to which after the patent in their 
nominated in each case according to a fixed rotaion. | wn country, they attach most importance, So by 
The patentagents say this provisionshould beomitted, | the very operation of this clause the evil is aggra- 
and point out that each examiner can only be com- vated which the clause is intended to obviate. 
petent in a certain range of subjects, on which| The English manufacturer will be called upon 
alone he should be employed. As respects the|to pay the inventor, whilst the Continental) 
section directing that applications for patents|manufacturer will entirely escape this liability., 
should be reported on by the examiner, it is re-| After objecting to the twenty-first section of 
commended that the applicant. should have an| the Bill, because it will deter a patentee from 
opportunity to meet questions raised by the | obtaining a supplement to his patent whilst litiga- 
examiner before the report is made, Reference to| tion is pending, the Committee suggest that the 
the law officers is objected to, and it is suggested | power to revoke patents where licenses are not 
that the Commissioners should decide fer themselves | granted on reasonable terms should be exercised 
in each case whether a patent should or should not | by the Commissioners of Patents, and that the pro- 
be granted, and should take the whole responsibility | vision rendering patents revocable, if not put into 
of granting or withholding patents. We agree with | operation in two years, is wholly unnecessary, as the 
this recommendation, but patents should be refused | obligation to license prevents the patent standing in 
only in cases of fraud, or where the invention is|the way of improvements, We think, however, 
contrary to morality. It is stated in the paper before | that at most a patentee should ay | be required to 
us that under the system of examination the question | grant a license when so requested by a responsible 
whether a patent Ought or ought not to be granted | manufacturer in the case where the patentee does 
will depend in every case on whether the applicant | not already by himself or through licensees carry 
has described a new invention in fall and clear| on the manufacture for which he holds a patent, 
terms, and that this question will be more readily} The only other suggestion to which we need refer 


a makeshift place which is nothing short of a 
national disgrace, we are rapidly approaching a 














member that trifles make up the sum of human 
existence. We venture to assert that if any one of 
them were to be forthwith and for ever deprived 
of the use of every article comprising any feature 
that has in its time emanated. from the brain of an 
inventor, incited to exertion by the prospect of re- 
ward under a patent, that legislator would thence- 
forth pass a most unenviable existence. 

The fact is, as Mr. Mundella well said at the 
recent meeeting of the Institution of Mechanical 
Engineers, that few legislators know anything about 
patents. We have, for example, been recommended 
to follow the Dutch, who abrogated their Patent 
Law in 1869.. To show how absurd this is, we 
shall, on a future occasion, prove. conclusively that 
Dutch manufacturers are in favour of a good Patent 
Law, their old one having been pronounced against 
simply owing to its inherent defects. Therefore, 
instead of opposing every obstacle to inventors, it 
is clearly in the interest of the country that they 
should be assisted and encouraged to the utmost, 
even in so apparently emall a detail as the publish- 
ing of patent specifications in the clearest and most 
convenient form. 

We are glad to find that a petition from the 
Council of the Society of Arts has been presented 
by the Right Hon. W. E. Forster to the House 
of Commons. The essence of the petition briefly 
stated is that pes Commissioners (not being 
political officers of the Crown) are absolutely neces{ 
sary—that one of the Commissioners should be in 
Parliament—that there should be no examination 
into the utility or frivolity of any invention—that no 
adverse report of an examiner, even with a right to 
appeal, ought to preclude an applicant from o ~ 
ing his patent at his own risk and ‘cost, since any 
trib of the above character assuming infallibility 
in commercial and scientific questions would be re- 


determined by the salaried Commissioners of Patents | is that relating t6 models. ‘The Committee consider 
than by pure lawyers. Now we cannot quite agree é 
with this interpretation of what is to take place under | models should spring up, and we 





it to be very undesirable that a practice of requiring 
k their reasoning 
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nt to the feelings of the country and fraught 
with much danger to the progress of arts, manu- 
factures, and commerce—that prolongation of patents 
should be obtainable in special cases on application 
to the Commissioners—that the proposed staff is 
wholly inadequate—that the Patent Office Museum 
should be enlarged and converted into a general 
museum of science applied to industry, and that any 
surplus fees derived from the granting of Letters 
Patent should be applied to the maintenance of such 
a museum. This petition is in the right direction. 
We should have been glad had it included the now 
widely adopted recommendation that the reports of 
the examiners should not be published. 


P 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MiIppLEsBRovUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
attendance on ’Change at Middlesbrough, but again 
the amount of business transacted was exceedingly small. 
No. 3 Cleveland pig iron was quoted 46s. per ton. There 
were makers who refused to sell at this price, but it is a 
fact a dispute that a great deal more than was 
required could be bought at the figure we have quoted. 
Whether it is wise om the part of some makers to refuse to 
sell for forward delivery at the present prices remains to be 
seen. It is generally agreed that prospects are as 
loomy as ever, and it is believed by most people that pig 


by 
iron will be cheaper within the next few months. The pro- | hand 


duction is certainly in excess of the just now. 
—_ on home and foreign account there is next to nothing 
oing- 

The » Foteied bee erate wos ng tg? the finished 
iron trade appears getting worse. ifferent parts 
of the North of England rail mills are idle and men are out 
of work. Some of the firms whose mills are in operation 
have actually ceased to quote at present for rails, knowi 
as they do that they cannot come within 5s. per ton o! 
makers in other districts. The long-continued depression 
in the finished iron trade is being seriously felt, and is 
occasioning the gravest apprehensions, Unless there is 
some improvement soon, not only will the number of men 
out of employment be largely increased, but the financial 
affairs of some firms will be very difficult to arrange. 


The Ironworkers’ Dispute at Stockton.—In the iron- 
workers’ dispute at Stockton, to which we referred last week, 
is involved a very great question, viz., the life or death of 
the Board of Arbitration for the North of England Iron 
Trade. For a number of years this Board has successfully 
dealt with all the difficulties which have arisen between 
masters and men in the finished iron trade, and com- 
plicated disputes and wages questions have been settled 


without resorting to either strikes or lockouts. With a| Th 


few exceptions the men have been loyal to the Board, which 
is constituted of representatives of both masters and men. 
A section of the men at the Moor Iron Works refuse to 
work except they receive an advance of , and they 
decline to be guided by the Board of Arbitration. The 
operative representatives of the Board resolved to aid the 
masters by finding men to take the places of those who 
refused to work. In this endeavour the operative members 
of the Board failed, and they resolved to ballot amongst 
themselves to decide who should work at the Moor Works. 
For this purpose a meeting was held at Stockton on Tuesday, 
but instead of proceeding to the ballot and ending the un- 
pleasant business, the whole question was discussed, and it 
was finally considered that they (the operative representa- 
tives) did not feel justified in commencing work until the 
various lodges represented by them s have been con- 
sulted. Thus matters are more complicated, and it is ap- 
prehended that the Stockton dispute will lead to the de- 
struction of the Board of Arbitration. 


The Water Supp’y of Stockton and Middlesbrough.— 
After a great and expensive battle before a Committee of 
the House of Commons, during which very eminent le 
gentlemen, clever engineers, and scientific chemists ven 
their different theories for the best means of supplying the 
populous towns on Tees-side with good water, the Corpo- 
rations of Stockton and Middlesbrough jointly have ob- 
tained a Bill empowering them to pu the plant of 
the Water Company and to make additional works, the 
carrying out of which will require great engineering skill 
and will involve the expenditure of more than three 
quarters of a million of money. The Water Company have 
intimated that they intend to — the Bill in the House 
of Lords, and, therefore, it wil a few weeks yet before 
the end of the fight is known. 








NOTES FROM THE NORTH. 

Giasaow, Wednesday. 
Glasgow Pig Iron Market.—The warrant market was 
much stro: Thursday forenoon, and a large business 
was done at from 57s. 10}d. prompt fixed, to 58s. 3d. cash, 
and one month open, closing a shade easier, with sellers at 
58s. 14d. There was a steady market during the afternoon, 
being done at 58s. 1}d, one month fixed, closing 
rather sellers over, buyers 58s. Friday forenoon the 
market was firm. Opening at 58s, 44d. cash, the 
28 iced to 58s. 6d., but receded at the close to 
3d., with jayne age ms 58s. ri The after- 
noon market was steady a’ . Bd. cas , sellers 
58s. 44d. Several of the makers of special brands advanced 
their prices from 1s. to 2s. per ton. i s was the rule 
on Monday forenoon. A small business was done in 
warrants at 58s. 3d. and 58s. 14d. one month open, closing 


Sellers at the latter price, with buyers at 58s. There was 





no change in the afternoon from the closing quotations of 
the forenoon, buyers 58s. cash, sellers 58s. tha. A little 
reactionin a downward direction set in yesterday forenoon, 
and wer, fe small amount of business was done at 57s. 10d., 
closing buyers 57s. 10}d., sellers 58s. The market continued 
quiet during the afternoon, but no business was reported, 
closing sellers 58s., buyers 57s. 9d cash. The warrant 
market was entirely without business to-day, both forenoon 
and afternoon. At the close buyers offered 57s. 9d. cash 
sellers asking 57s. 10}d. Last week’s shi ts amounted 
to 9510 tons as against 10,180 tons in t 
week of last year. 


The Scotch Blast Furnaces.—Most of the blast furnace- 
men who had been on strike have now returned to work on 
the ee terms, and the furnaces that had been 
damped down are now in full blast. Six additional fur- 
naces were blown in last week, thus raising the total 
number in blast to 116 as against 123 at the same time 
last year. One of Shott’s Iron Company’s furnaces at 
Castlehill is blown out for repairs, and as soon as they are 
executed it will again be put in blast. 


The Finished Iron Trade.—Manufactured iron is in 
roeats ne demand, but ag meee as bake opary yr - 
ions 0: anency. ices are s at the lowes 

i bars, PL. 15s. sy 8, 


ay ; ship plates, 8/. to 87. 10s. ; 
way 81. 10s. to 91. ; angle iron, 7/. 15s. to 81. 5s. ; 
rails, 8/. to 82. 10s. 


New Shipbuilding Firm at Dumbarton.—It is satis- 
factory to know that operations have again been resumed 
by a new firm in the shipbuilding yard, on the south side 
of Leven at Dumbarton, lately occupied by M‘Kellar and 
M‘Millan. The new firm are said to have a few orders on 


Dundee Harbour Board.—At a meeting of the Works 
Committee of the Dundee Harbour Board, held last week, 
the sub-committee, to whom the claims of the contractors 
for new works had been remitted, reported the terms— 
being a payment of 12,000/. in full of all claims—of an 
amicable settlement which they had to recommend. 
The minute of the sub-committee was unanimously ap- 
proved of. The arrangement evinces t liberality on 
the part of the Harbour Trustees, and save what might 
have been an expensive arbitration. 


Busby Water Works.—An excellent water supply scheme 
was successfully ina’ ted yesterday which is intended 
to meet the wants of Busby, a manufacturing village 
a few miles to the south of G w. The collecting 

unds embrace an area of about acreson the Cathkin 
raes, about 300 ft. above Busby, and nearly three miles 
distant. Messrs. Wharrie, College, and Brand, of Glasgow 
are the engineers for the scheme, and Messrs. Stewart and 
Creber, Dundee, are the contractors, while the pipes were 
supplied by Messrs. D. Y. Stewart and Co., Glasgow, and 
the valves by the Glenfield Company, Kilmarnock. The 
area of distribution embraces some 2000 inhabitants, and the 
supply is designed to give 40 to 50 gallons per head per day. 
e reservoir, filter, gauge well, &c., are only in progress, 
but they are designed according to the most approved 
notions of water engineers. All the pipes are laid, and the 
water was turned on yesterday. 

Edinburgh and Leith Engineers’ Society.—The closing 
meeting of the sixth session of this association was held last 
Wednesday, Professor Fleeming Jenkin presiding. From 
the annual report submitted by the secretary it appeared 
that there were 68 members on the roll, and that the number 
of papers offered had been greater than in any previous 
session. The balance-sheet showed an income for the year 
of 801. 19s. 5d., and an expenditure of 641. 1s. 3d. 

Association of Engineering and Shipbuilding Draughts- 
men.—The general annual meeting of this association was 
held in the Religious Institution Rooms, on Thursday 
evening the 18th inst., Mr. David H , President, in 
the chair. The meres Rao the ‘‘ Council’s Annual Re- 
port,’’ which congratulated the members on the prosperous 
condition of the association, as evidenced by the membership, 
finances, and increase of interest shown by the members 
in the aims and objects of the association, by their atten- 
dance and their readiness in contributing and participating 
in the discussion of a-r The report having been unani- 
mously approved of, the following gentlemen were elected 
office bearers for the ensuing session: Mr. A. Smith, 
President; Messrs. L. J. Pirie and J. Gray, Vice-Presi- 
dents; Mr. R. Murdoch, Treasurer; Mr. R. M. Thomson, 

Secretary; Mr. P. Ruthven, Assistant Se- 
re ; and Messrs. D. Halley, G. K. Grieve, J. G. Fair- 
weather, M. le, W. Fairweather, T. Wotherspoon, R. 
Mollon, and J. m, Members of Council. The meeting 
was brought to a close by a an, Ps of thanks to the 
retiring Presid ent and other office rs, and also to the 
auditors of the accounts. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Miners’ Strike in South Yorkshire.—The majority 
of the colliers in South Yorkshire are still out on strike 
— the proposed reduction in w: of 15 per cent., 
though almost all the miners of the byshire districts 
have gone in on those terms. In the latter county, Clay 


Cross and Staveley, with other large collieries, are again at | w 


work. 

The Eyam Lead Mining Company.—The annual report 
of the directors of this company states that the Stoke 
Level, the clearing of which was commenced in 1868, has 
been repaired from the mouth, near Stoke Hall, to the 
New Engines shaft, a distance of 2489 yards,and from thence 
towards the Lady Wash shaft, a of 445 oe 
The work will be prosecuted until the Lady Wash shaft is 
reached, and the top water will then be carried away by 





corresponding report 


The Parkgate Iron 0 
of the directors of company 
have been efficient 
considerable improvements have made 
and guide mills within the year. The stocks 
valued at 52,452/. The directors have 
their Holme’s Works, which ma improve 
property. Owing to the collapse of trade the year’s trading 
resulted in a serious loss. 
The Bessemer Saloon Steamer.—This vessel, which cost 
yo ag has been bought by a firm of Hull merchants for 


Proposed Water, Sewerage, and Drainage Works at Nor- 
Pia cegmt deren dary’ >» | Cox, R.E., held a Local 
Board inquiry at Normanton last week for the yeapene of 
obtaining information as to the p: expendi of 
30,0001. for water ep ly, sewerage, , &e., at that 
place. It was sta’ for the was 
to buy 11 acres of land, and dispose of sewage by the 


ittent . 
to be sold at 1s. 1s. to 6d, per 1000 gallons. 

Steam Engines for Tramways.—Last week a series of 
experiments were made on the line of the Dewsbury, Batley 
and Bristol Tramways Comeeny wae an engine sup) 
by Messrs. Merryweather and Co., of London. A number 
of guatianen from distant towns were present to witness 
the experiment. The engine ran the cars rapidly and easily 
along and took the points properly. Some of the horses on 
the route were rather skittish at the slight quantity of 
steam blown off, but none appeared to be really frightened. 


NOTES FROM THE SOUTH-WEST. 
Reduction of Wages at the Ashton Vale Collieries.—The 





men employed at the Ashton Vale and South Liberty pits 
have consented to a reduction of 10 per cent. pone oa 
A reduction of 15 per cent. was originally » but 
after several conferences between the men the manager, 
and the latter and the directors of the com ,» 10 per cent. 
was amicably to on both sides. A si reduction 


is talked of at the Dean-lane pits. 

Rise in the Price of Tin.—There has been great re- 
joicing in Cornwall on an advance of 41. per ton made by 
the smelters in the price of tin. The im of this 
advance will at once be appreciated when it is known that 
in very many instances mines which on the previous 
were worked at a loss, are now ing some profit. 

The North Wales rrymen.—The second annual con- 
ference of the North Wales Quarrymen’s Union was held at 
Carnarvon on Saturday, under the — of Mr. John 
Lloyd Jones, and attracted a —_ ly of tes. The 
report showed an increase of members, bringing the 
total number to 7460, the Festiniog district alone presenting 
a decrease. The members’ subscriptions were dese 
2000/., the total assets of the union being in excess of 
30002. Songs Se pe Se ae |, ex 80 
far as ing the time question in one district, it re- 
sulted in an increase of ae > paid of 150,000/. Mr. Jones 
he oe yoo pers were read gee courts of 
arbitration an er ma interesting to quarrymen, 
and the conference closed with a public meeting. 


Rhymney.—In corsequence of the accumulation of stocks 
of pig, thousands of tons of which now lie about the works, 
orders were given on Saturday to blow out No. 1 Bute 
blast furnace. The coal trade is not very brisk, some of 
the pits for some weeks past not having been working full 
time ; and the blowing out of the furnace will not only 
affect those immediately concerned, but those engaged in 
other departments of the works. 

Sinking for Hematite—The Dowlais Iron Company in- 
tend oes a rod om iy a yomey 1 baud new 
taking at Massyfelin. is hoped er the manage- 
ment of Mr. Powell they will succeed in finding this mineral 
on the spot named, the M Iron Ore Company being 
successful at Tydee, and other places in the neighbourhood. 

Bristol Tramways.—On Saturday morning a car was 
run over the eastern extension from Old Mar to 
the end of Stapleton-road, and the 
perfect. There remains very little to complete this second 
portion of the scheme, and in a few days the line will be 
ready for the inspection of the ¢ inspector. 


Wages in the Forest of Dean.—The ironworkers in the 
employment of Messrs. Crawshay, of Cinderford, Forest 
of Dean, have received notice of a 5 per cent. reduction to 
commence on the 28th instant. Wages will then be 5 per 
cent. lower than for the past 25 years. 





CrewE.—On Wednesday last the 2000th 
turned out from the London and North-Western 
orks, at Crewe, and the i 
4g tects» ino held for of 
a Ww 
funds f calrging. Chat Church Pecos 

the and 


‘or 
erected 


to remain until to-morrow, 





fi i —r and for the purchase of of 
Pelle, together pay er abo fp Th oo a 
i 4 and that it is 
not yet too late to send contributions in aid of the in 


view. Mr. F. W. Webb is the treasitirer. 





444 





ENGINEERING. 





[May 26, 1876, 





BOX FREIGHT CAR FOR THE NEW YORK CENTRAL AND HUDSON RIVER RAILROAD. 





ee eed 


Fug 








sUAREEEUORUEEEEORASEOROOUEBEEEE gudHH01 AUANUSPEEEEABEMASAEETEUTAWAUAIUUNVPEERBIAIT <2 





J 








i 












































































































































































































































it 


a a 



























































































































































WE reproduce from our valued convempo: eae 
Chicago Railroad Gazette the accompanying 
ings and ication which were adopted on 
January lst for the standard box freight car 
of the New York Central and Hudson River Rail- 
road. Illustrating, as they do, recent American 
practice, these will be examined with 
much interest by English railway engineers. 
GsneRaL DIMENSIONS. 
Article 1. of car outside of 
pe} of car outside of siding, 81 
— of car from bottom of 
7 ft. Sin. 
Door opening, 5 ft. 


a 











Article 2. 


TIMBER FOR Bopy or Car. 
(Finished Sizes.) | 
—— pine sills, each 4} in. by 8 in., 29 ft. 


Sei aeren tenn 


a Senge aes pine centre floor timbers, each 4 in. 
by 8 in., 28 ft. 4in. 
2 Georgia pine plates, : 3 in. by 6in., 29 ft. 


2 white oak end sills, each 5in. by 8 in., 8 ft. 
2 Shite ok: needle beams, each 4in. by 8 in., 


4 whe onc baller timbers, each Ain by 11in., 
5 ft. 2in. long. 








Article 2. SSP tee tate Mota, each 5} in. by 8 in. 
long 

4 white oak corner posts, each 3§ in. by 5} in., 
7 ft. 3in. long. by 534 

4 white oak door posts, each 3 in. by 54in., 
7 ft. in. long. : - 

14 white oak intermediate posts, each 2in. by 
4in., 5 ft. 4in. long. 

yt os > egpen each 2 in. by 4in., 6 ft. 


4 white om tapes, each 2in. by 7in., 7 ft. 


: carlines for roof, each 2} in. by 
12in., “cg op in. long. 

14 white oak carlines for roof, each 2} in. by 
shin., Of. 6 in. long. 
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BOX FREIGHT CAR FOR THE NEW YORK CENTRAL AND HUDSON RIVER RAILROAD. 
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Article 2. 2 white oak end plates, each 23 in. by 14} in., 
8 ft. 8in. long. 

2 white oak ridge poles, each 1} in. by 6in., 
10 ft. lin. long. 

1 f ssong oak ridge pole, 1in. by 6in., 8 ft. 4 in. 

ong. 

4 Georgia pine roof strips, each ljin. one 
edge, lj in. other, 4in. wide, 29 ft. long 

1 Georgia pine roof strip for centre 1] in. by 
3 in., 29 ft. long. 

4 white oak door frame stiles, each 1} in. by 
5in., 6ft. 14 in. long. 

2 while ash top rails, each j in. by 7 in., 5 ft. 
3in. long. 

2 white ash middle rails, each jin. by 7in., 
4 ft. 10in. long. 

2 white ash bottom rails, each jin. by 7 in., 
5 ft. 3 in. long. 

2 Georgia pine friezes, each 1} in. thick, 6 in. 
wide, 29 ft. long. 

4 white oak brake-hanger timbers, each 4 in. 
by 8in, 12} in. long. 

Georgia pine flooring, 1} in. thick, 8 ft. 6 in. 
long, and not over 6 in. wide, planed, 
tongued, and grooved. 

— Pe. ne in. i 3 in. wide, 

anced, tongued and grooved. : 

White pine inside or din. thick, 5in. wide, 

wuss tongued, grooved. 

ite pine bevelled strips on floor below lining 
1} in. by 1} in. 

White oak capping over lining, 1} in. by 3 in. 

White pine grain-door lumber to be ; in. 
thick, 4 in. wide, 5 ft. 2 in. long, planed, 
tongued, and rooved, and battens for same 

win: thick, 11} in. wide, 3 ft. long. 

; ite ve oo yer iron we. ¢ in. thick, 
In- wide, p. " ngued, grooved, free 
from sap, shakes, large, black, or loose 
or knots, any other injurious defects. 
a zon Teves. 
3 inis izes. 
Article 3. 4 white cbvenes-taetiae: each 44 in. by 
10in., 6 ft. 8in. long. 


2 white oak swingi i ‘ 
Sit. Sim lng. beams, each 8 in. 


by %in., 
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Article 3. 2 oak spring planks, each 2} in. by 8}in., 5 ft. 


7 in. long. ; 
2 oak brake beams, each 4 in. by 6 in., 6 ft 
lin. long. 
Move or ConsTRUCTION 
7 F 
Article 4. Side and centre timbers framed to end sill by 
double tenons as follows: Commencing at top 1} in. 
shoulder, 1} in. tenons, 2 in. space, and 1} tenons ; end sill 
fastened to side sill at each corner by two in. joint bolts 
12 in. long, and one § in. bolt through side sill, and floor 
timber 1} in. from end sill. 


Article 5. Centre of bolster 4 ft. 10 in. from outside of 
end sill 
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Article 6. Bolster to be made of wrought iron ; top iron 
4 in. by 6 in., bottom iron } in. by 6 in. welded at the ends. 
Bolsters locked into sill and centre timbers } in., fastened 
to sill with two #in. bolts in each end; centre timbers 
fastened to bolster with one $in. bolt in each timber. 

Article 7. The needle beams are to be tapered 14 in. from 
the ends, leaving a lip 5in. thick under the sills, to be 
bolted through each sill and floor timber with a { in. bolt. 
A casting to be fastened to the under side for truss-rod 
bearings ; and to take the bolt through floor timbers’and 
needle . The needle beams are to be locked on the 
floor timbers as shown in drawing. 

Article 8: The buffer timbers to be fastened to car as 
follows: Back end of buffer timbers held in position My 





two cast-iron pockets in bolster, and bolted to same wit 
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two tin. bolts to each, et. The front end held in posi- 
tion with two } in. eac . ug 
tet Ol and down'by the side of timberd and through a 


late 4 in. by 3 in. wrought iron, passing across under both 
Putter timbers, each bolt to have double nuts ; two white 
oak keys to each buffer timber 4 by 4, 2 in. thick, placed 
between buffer and centre floor timbers, and bolted throug 
with two fin. bolts. : hs F 

Article 9. Buffer blocks held in position by two pieces 
tin. by 3in. wrought iron, bent so as to rest on of en 
sill and pass under bottom of buffer block, and fastened 
with two jin. rods, ing through buffer block and end 
sill, and a cross timber 4in. by 8in. framed between the 
two centre timbers, 3l4in. back from inside of end sill, 
and also fastened to buffer timber with two jin. bolts, 
passing through buffer timber, and two { in. bolts passing 
through castings on inside of timber and a through a plate 
of 3in. by 1 in. wrought iron on under side of buffer 
timbers ; bolts to have double nuts. i F 

Article 10. Corner and door posts framed with lip 
passing across sill and plate, as shown in drawing. Inter- 
mediate posts framed with 1 in. tenon on inside of posts. 

Article 11. Side and end braces to be furnished with cast- 
iron shoe or pocket, as shown in drawing. 

Article 12. Each corner of car to have one jin. rod 
passing through plate at head of brace and sill; lower end 
of rod to be in the joint between end and side sill, and 
furnished with a wrought-iron washer at each end, 2} in. 
wide, 4in. long, tin. thick, with nut at each end of rod; 
two }in. rods in each end of car, passing through end of 
plate at head of brace and end sill ; nuts and washers at 
each end ; two fin. and two jin. angle rods on each side of 
car furnished with wrought-iron washer at top #in. thick, 
Sin. wide, and 6$in. long, formed as shown in drawing, 
and fastened to plate with }in. by 3}in: coach screw; 
bottom of angle rods furnished with cast-iron washer 3 in. 
by 6} in., as shown in the drawing. The above rods to have 
nuts at each end; rod to pass through nut at top }in., and 
rivetted down. 

Article 13. Floor to be nailed with 20d. cut nails (2) in 
each floor timber in all pieces over 4in. wide, and to be put 
down crossway of the car, and all pieces to be of full length 
from outside to outside of sills. : : 

Article 14. Siding to be nailed with 10d. clinch nails, 
four nails in each piece at sill, two in centre, and three in 
plate, and to be put on up and down. 

Article 15. Inside lining to be nailed with 10d. clinch 
nails, two nails in each board at each post, and a space of 
2in. to be left between floor and lower edge of lining (a 
bevelled strip to be fastened on top of floor and against 
inside of siding), to be not less than 3 ft. in height, and to 
have a good white oak capping l}in. thick, well fitted 
to posts and braces, and fastened with 24} by 16 screws. 

rticle 16. The threshold in doorway to of cast iron 
in. thick, 3} in. wide, well fitted to door posts and 
astened to floor with screws. 

Article 17. The stiles of doors to be halved at top and 
bottom, and gained in centre 2} in. to receive the rails, and 
fastened together with 14 by 16 screws ; the corner of stiles 
to be rabbeted out § in. to receive siding for outside of 
door ; the doors to be braced from centre of middle rail to 
top corners of doors ; braces to be fin. by 4 in. white pine, 

to be fastened together with 1} by 14 screws; doors to 
have a cap j in. thick on one edge, } in. thick on other, 
24 in. wide, to shed water from top door ; doors to be 6 ft. 
1} in. long, 5ft. 3in. wide. é 

Article 18. Outside doors to slide on bar of wrought iron 
on top jin. by 2in., set upon edge and blocked out with 
castings for that purpose, and fastened with } in. counter- 
sunk-head bolts through plate ; door hangers to be made of 
din. by 4in. wrought iron and fastened to top of door with 
four } in. bolts ; a bar of wrought iron } in. by 1 in. to be 

laced across bottom of door and let in flush with outside 
face of door and fastened with screws ; four cast-iron hooks 
to be bolted on sill of car, to hook 01 \r bottom edge of door, 
to prevent it from swinging out trom side of car. The 
back edge of door to be provided with wrought-iron wedge 
or key to fit casting, to keep door up to door post and 
revent sparks from entering the car; key to be fastened 
door with short piece of chain ; each door to be furnished 
with New York Central seal lock ; door stop to be made of 
white oak 1} in. by 2 in., and 6 ft. 6 in. long, fastened to 
door post with four } in. bolts. 

Article 19. Grain doors to be 3 ft. high, hung on § in. 
round wrought-iron rod made for that purpose ; door when 
open to swing back and hoist up on top of cap and fastened 
with button ; to be furnished with strip of heavy canvas 
8 in. wide, fastened on inside at bottom of door to keep 
grain from working out. 

Article 20. Roofing to be the ‘“‘ Winslow patent gal- 
vanised iron roof,”’ to be put on in a thorough and sub- 
stantial manner, according to specifications furnished by 
the “‘ Winslow fing Company” of Cleveland, Ohio, as 
follows: All carlines and inside of end plates to be ved 
+ in. deep for irons, with upper corners ro inded, and spaced 
as shown in the drawings. Two } in. strap bolts from —_ 
pole through end plates, with nuts and washers on outside 
of end plates; strap end of bolts 4 in. by 2in. by 9in. long ; 
inside of plate, with ends turned in } in., to fill mortise in 
ridge pole, and one ¢ in. bolt through ridge pole, and strap 
7 in, from end plate. ‘Two ht-iron straps 2 in. b 

in. by 18 in long, one at each joint of ridge pole, wit 

‘our ¢ in. bolts to each strap. The white pine roofing to be 
put on with screws. Roofing laid as shown in drawings. 

Article 21. The truss rods to be made of 1} in. round 

‘ht iron with ent at each end for screw t A 
of 1} in. in diameter about 12in. in length. They are 
to pass under the saddle, secured to under side of needle 
beams, and over and supported a aera sess 
of bolsters made for that purpose; thence passing throug 
the end sill and a cast-iron 6in. in diameter, as 
shown in drawing. 

Article 22. Brake standard to be made of 1} in. round 





wrought iron with an enlargement at lower end 8 in. long by 
23 jn. in diamotes, forming oe irae reat aa ta upon ; 
is hrough an eye ‘ turn in a 
ste oP bottom, as shown in drawing, and to be furnished 
with a half circle bearing just above the chain drum; 
screwed into end sill, forming a bearing for the standard ; 


h | it is to be furnished with a ratchet wheel well keyed on; 


wrought-iron dog fastened to the step, said step to be sup- 
po’ with wrought-iron brackets in. by 14 in., made in 


d | the usual manner. 


Article 23. Each end of car is to be furnished with five 
wrought iron steps bolted to posts with 4 in. by 24 in. coach 
screws ; also with handles same style fastened to roof in 
same manner. 

Article 24. The buffers to be of wrought iron, ‘‘ New York 
Central standard pattern,’’ put up with springs, according 
to drawing. 

Article 25. Centre of buffers, when car is light, must be 
2 ft. 9in. from top of rail. 

Article 26. Centre pins to be made of 1} in. round wrought 
iron, with good solid heads, 22in. long under head; the 
head to rest on top of transom, with provision made in floor 
for removing pin. 

Article 27. The trucks to be of the best quality of 
wrought iron, ‘‘ New York Central standard pattern.”’ 
The axles 5ft. from centre to centre, arch bars and frame 
1 in. by 3in., bottom bar below boxes 4 in. by 3 in. ; all bolts 
through side of truck to be of fin. round wrought iron ; all 
bolts through transom timber and frame to be of 2 in. round 
wrought iron, and all to have double nuts; brasses to be 
** Hopkins’ patent lead lined ;”’ all casting and forging to be 
exact duplicates of New York Central standard truck, as 
shown on drawings. 

Article 28. Axles to be of the best hammered iron and 
Master Car-Builders’ standard pattern. 

Article 29. Wheels to be —— tread, guaranteed for —— 
years and to weigh —— pounds. To be pressed upon axles 
at a pressure not less than 60,000 Ib. heel gauge will be 
furnished. 

Article 30. Brakes to be hung to body of car, as shown 
in drawing. 

Article 31. Each car to be furnished with two metal card 
eases, secured to siding near car door, made after the 
standard, 94 in. by 12in. inside, with wire rack and strip of 
rubber over top, to keep off the rain, and blocked out on 
washers } in., for circulation of air. 

Article 32. All bolt heads and nuts on inside of car must 
be let in flush and all sharp corners removed, in order that 
they may net cut into or otherwise injure the merchandise. 

Article 33. All screw threads, bolt heads, and nuts must 
conform exactly to the Masters Car Builders’ standard. 

Article 34. Painting to consist of three coats well put on. 
Colouring, numbering, and lettering to be as directed. 

Article 35. The builder in all cases to protect this 
company from all patent right claims, except for such 
patents as especially directed by the company. 

Article 36. A sample truck or re | or all castings or forg- 
ings used on a car will be furnished, if necessary, at cost. 

Article 37. All materials, forgings, and castings must be 
of the very best quality, and all work must be done ina 
substantial and workmanlike manner, and to the satisfac- 
tion of an authorised mt of the New York Central and 
Hudson River Railroad Company. 

Article 38. Each car is to be weighed and weight marked 
thereon. 

Article 39. The numbers are to be placed on end plate 
inside of car and on side plate over each door, also on the 
inside of each door. 

Article 40. When compromise or broad tread wheels are 
used, the initials ‘‘B. T.’’ are to be placed on lower right 
hand corner of car. 

Article 41. Springs to be 

Article 42. All timber, lumber, and iron used shall be of 
the best quality, and subject to such inspection and tests as 
the railroad company may desire to make. 


STANDARD FoR SckEw THREADS, Bout HEADs, AND 





; UTS. 
Adopted by the United American Railway Master Car 
Builders’ Association, in Convention at Richmond, Va., 
June 15, 1871. 
Diameter of bolt: 4, %, #, v4, 4 Ys, & 2 %, 1, 14, 14, 12, 
14, 14, 13, 14. 
Number of threads per inch: 20, 18, 16, 14, 13, 12, 11, 
10, 9, 8, 7, 7, 6, 6, 54, 5, 5. 
Diameter of bolt: 2, 24, 24, 23, 3, 34, 33, 33, 4, 44, 44, 
6 


Number of threads per inch: 4}, 44, 4, 4, 34, 34, 3}, 3, 3, 
2h, 23, 2%, 24, 24, 2#, 2¥, 2d. 

The distance between the parallel sides of a bolt-head 
and nut for a rough bolt shall be equal to one and a half 
diameter of the bolt, plus one-eighth of an inch. 

The thickness of the heads for rough bolts shall be equal 
to one-half the distance between their parallel sides. 

— of the nut shall be equal to the diameter of 
the bolt. 

The thickness of the head for a finished bolt shall be 
equal to the thickness of the nut. 

The distance between the el sides of a bolt-head 
and nut and the thickness of the nut shall be one-sixteenth 
cf an inch less for finished work than for rough. 





Heit Gatze.—New York is ing for her Grand 
Fourth of July celebration—the blowing up of Hell Gate. 
The task of drilling the chief obstruction at Hallett’s Point 
has been completed, and the machines have been transferred 
to Flood Rock, where work is carried on and night. 

iments are now being made with a view to the ‘ain. 
tion of the safest and most —, available explosive 
material for the coup. In all, 172 pillars will be 
blown away, in which 8000 have been made; the 
fuses in these are exploded at one tim 
blowing the rocks ay Bans - 





THE ORIGIN OF MOTION. - 


To THE Eprror or ENGINEERING. 

S1r,—As you have already permitted me to occupy several 
columns of your valuable-paper in stating my views on 

vitation and matters related thereto, I .have some 

itation in wouniing Tea with —. further on the 
subject. My excuse for doing so is that your contributor, 
the writer of the articles on the ‘‘ Origin of Motion,” whose 
views I ventured to criticise in my two former letters, and 
whose opinion on my own theory it was m ee to elicit, 
persists in maintaining a ok gg which I believe to be 
entirely erroneous, which I think I can prove to be 
entirely erroneous, and that he has, in his remarks on my 
own theory, so misunderstood my meaning (no doubt the 
fault is to a great extent my own), and so misrepresented 
my statements (unintentionally, of course), that it becomes 
a matter of necessity that I should attempt to clear away 
the misconceptions that have arisen. 

Your contributor is still of opinion that a suspended card 
is caused to approach a vibrating tuning-fork by the pressure 
of the air being greater upon that side of it farthest from 
the fork than upon the other side; and that the cause of 
the partial vacuum which he supposes to exist upon that 
side of the card nearest the fork is nothing more nor less 
than the increased velocity of the air molecules due to the 
vibrations of the fork., 

Now, in order to show once more that this cannot possibly 
be a correct view of the matter, we will suppose that a 
column of air exactly resembling in all respects the column 
intercepted between a non-vibrating tuning-fork and a sus- 
pended ecard, is enclosed in a tube hermetically sealed. All 
communication with the outside air being thus cut off, let 
us suppose that we increase the velocity of the air molecules 
contained in the tube in a manner precisely similar to that 
in which a vibrating tuning-fork communicates additional 
velocity to the molecules of the column of air intercepted 
between it and a suspended card. The velocity of the air 
molecules in the closed tube being now considerably in 
excess of that of the molecules of the outside air, we are 
both agreed that the pressure of the air in the tube would 
be greater than the outside pressure. It could not be other- 
wise, since there is no room for the enclosed air to expand. 
‘* Tf,” as your contributor says, “‘ the increase of velocity 
imparted to the particles of amedium . . . . did not rarefy 
the medium, the pressure of the medium would be increased.” 
The pressure of the enclosed air being in excess of the pres- 
sure outside the tube, let us now allow the enclosed air to 
communicate with that outside the tube by means of a small 
aperture which we bore in the end of the tube.. The air, 
of course, gradually oozes out through the aperture until 
the internal pressure mes equal or nearly so to the 
external pressure. If the aperture be so small as to impede 
the free of the air out of the tube, the internal 
pressure might be slightly in excess of the external; but if 
the aperture be sufficiently to allow perfect freedom 
of communication, the air would flow out of the tube until 
the pressure inside had become exactly equal to that out- 
side. When it had once become so, no further exit of air 
from the tube would or could take place. The air inside 
the tube would be less dense than the air outside, that is, 
the molecules in the tube would be, on the average, wider 
apart than those outside, since they move at a greater 
velocity, and repel each other more violently ; but the pres- 
sure would and must be, under the circumstances stated, 
absolutely the same in both cases, and would remain so for 
all eternity if the assumed conditions underwent no change. 

This is my case. Your contributor’s is that the air in 
the tube would continue to be expelled after its pressure 
had become equal to the outside pressure ; that it would 
continue to be expelled until a partial vacuum existed in 
the tube. What I want to know is, why it would act 
thus? And supposing that the air molecules did by any 
accident flow out of the tube until a partial (or poms 
vacuum existed in it, why they do not immediately begin 
to fush back again? If there is any difference between a 
column of air, such as the above, communicating freely 
with the air outside the tube, and a column of air actuall 
intercepted between a vibrating fork and a sus: fo po | 
what is the difference? I can see none, and I believe there 
is none. 

But your contributor endeavours to prove that his view 
of the matter is correct by appealing again to the experi- 
ments with the tuning-fork and card. ‘‘ A non-vibrating 
piece of card approaches a vibrating tuning-fork. Now 
since the card does not vibrate, its ap cannot pos- 
sibly be due to the cause your eusenpeaieis supposes, but 
the approach of the card can —_ conceivably be due to a 
reduction of air pressure upon the side of the card next 
the fork.”’ These are his words. 

We both admit that the card does approach the Mya | 
fork ; the question is why it does so. In my first letter 
tried to show why. Your contributor objects to my ex- 
planations on the ground that the card does not vibrate, 
and having proved, as he thinks, that my theory is in- 
correct, he thinks that he has thereby proved that his own 
theory must be true. Now I object to this way of i 
the question. Even if my theory were false, I think 
have conclusively shown that his own theory is not true. 


: wrong does not prove your contributor right. 
Besides, even if it were true that by ing the fallacious- 
ness of my theory, your contributor establish his 


own, I urge that my explanation of the matter has not yet 
been disproved. Your contributor has quite misunderstood 
this explanation. True, the card does not vibrate, but I 
did not say that it did. What I did say was that the 
molecules of which the card is composed vibrate ; that 
they _—— with intense rapidity against the surrounding 
air; that the i 

uniformly distributed around it, but no longer ; that, if t 
air molecules are more dense 
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composing that surface of the card farthest from the fork, 
after impinging against the air, must rebound with greater 
energy than de the molecules composing its opposite sur- 
face; and that this must inevitably cause the card to recede 
from the denser of the air towards the rarer, that is, 
towards the tuning-fork. This was the theory which I 
wished your contributor to criticise. Instead of doing this 
he has criticised a theory which no one, so far as I know, 
has ever advanced. 

Your contributor has, as I have said, quite misunder- 
stood my meaning. In his generat however, he makes 
an assertion which practically amounts to a denial of the 
correctness of my theory, for he maintains that the card 
would not approach the fork so long as the air pressure 
upon both sides of it were the same, although the air may 
be more dense upon one side of the card than upon the 
other. It becomes necessary, therefore, to prove (and I 
think I can) that it would do so. Let us try the effect of 
another illustration. | 

Suppose that we have before us, fixed horizontally upon a 
stand, a cylinder with closed ends, in the centre of which 
is a piston which fits accurately, but is free to move without 
friction in either direction. Let us suppose that t 
molecules of which this piston is composed are in a state of 
rest relatively to each other, and in actual contact (we will 
consider the effect of their being set in motion preety). 
Both compartments of the cylinder are filled with ordinary 
molecules of air at ordinary pressure. Of course the 
piston is quite motionless. Suppose now that we increase 
the velocity of the air molecules in the right-hand compart- 
ment of the cylinder, and decrease that of the molecules 
in the left-hand compartment. Since the two compartments 
of the cylinder do not communicate with the outside air, the 
piston must necessarily tend to move to the left. ‘But if 
we allow the two compartments of the cylinder to com- 
municate freely with the outside air, the piston weuld not 
tend to move in either direction ; for, in that case, some of 
the molecules in the right-hand compartment would rush 
out of the cylinder when their velocity was increased, and 
some of the molecules of the outside air would flow into the 
left-hand compartment when the velocity of the molecules 
in that compartment was decreased ; so that the pressure 
on both sides of the piston would be the same (and the 
same as the outside pressure) ; but the aérial density on the 
left of the piston would be in excess of that on the right. 
We can conceive the difference between the density of the 
air on one side of the piston, and the density on the other 
to he geodigiens. By decreasing the velocity of the air 
molecules on the left of the piston, we can reduce them in 
imagination almost to fluidity, and by correspondingly in- 
creasing the velocity of those on the right, we can imagine 
such a state of things to be arrived at, when the number of 
molecules in the left compartment of the cylinder may be 
many hun times the number of molecules in the nght 
compartment, and yet the aérial pressure in both com- 
partments would remain the same, and the piston would be 
unaffected by the difference in density. 

But this could only be the case if the molecules of which 
the piston is composed were motionless. For if we endow 
those molecules with a velocity such as is by 
molecules in general at the earth’s surface, that is, with a 
velocity equal to that of a cannon ball, and imagine them to 
be moving} and colliding inter se, and impinging against 
the surrounding air, we introduce a new and highly im- 
portant feature into the case which, however insignificant 
it — appear, must not be left out of account. e have 
already considered the effect of the impact of the molecules 
of air against the piston, and have seen that the impinging 
air molecules, though considerably more numerous on the 
left of the piston than upon the right, have no tendency to 
move the piston either way ; the momentum of the matter 
projected against the surfaces of the piston being the same 
for both surfaces, though a greater quantity of matter is 
projected against the left-hand surface of the piston than 
against the right. Since the impinging air molecules do not 
tend to move the piston either way, let us leave their 
impact out of consideration, and confine our attention to 
the impact of the molecules of the piston against the sur- 
rounding air. The air molecules on the left of the piston 
are, say, 500 times as numerous as those on the right. The 
question is, supposing all the molecules of the piston to 
move at the same average velocity, would the piston, under 
the circumstances stated, still remain motio ? I main- 
tain that it would not, that it would- move to the right, 
that is, it would move away from that part of the air from 
which the molecules forming its surfaces rebound with the 
greatest energy. What convinces me that it would do so 
is this: Let a represent one of the molecules forming the 
left surface of the piston, and b one of the molecules forming 
the right surface of the piston; c the quantity of matter 
(in the shape of air molecules) against which a impinges, 
and d the quantity of matter against which b impinges. 
Let . suppose that a rh : move at the same velocity, and 
are of equal size. ould a, after impinging against c, 
rebound with the same energy as b Brn pe Se imping- 
ing against d; c being 500 times the massof d, and aand 6b 





—- 


being each of the same mass asd? It seems to me that | 


b would not rebound at all, whilst a would rebound with 
a force almost equal to that with which it struck c. If this 
be true then it must be true that the piston would move to 
the right ; and that the conditions which compel the 
piston to move to the right are essentially identical with 
the conditions which cause a suspended card to approach a 
vibrating tuning-fork, I unge 
card is amply accounted for without having recourse 
either to the heory ef ‘‘action at a distance,” or to the 
theory of ey contributor, which is attended with (what 
seem to me) to be difficulties nearly as insuperable as is the 
action at a distance theory itself. 

Although your contributor claims to have proved experi 
——s that the increased velocity imparted to the air 


vibrating tani 
eee oo eae is 





that the movement of the 


| the centre of the earth. 


as 
to 


cause the approach of the suspended card towards the fork, 


he in another pa to make assurance 
doubly sure, by pointing out there is another, and 
te distinct, cause at work, which aids in bringing about 
the observed effect. He refers to an ——— which 
shows that two card dises, one of which is perforated 
centrally by a tube, are together by blowing through 
the tube. At first sight this experiment a) 
very little to do with our present subject. it were 
contributor’s object to prove that the tuning-fork ca) 
roach of the card by emitting a jet of i 
of the card, or that a molecule attracts another molecule 
by emitting a jet of ether inst it, the allusion to the 
experiment of Clement and es would be relevant 
enough. As it is it seems out of piers But your con- 
tributor does not intend to imply that there is a perfect 
parallel between the cases under consideration, but only a 
sort of analogy. His contention is, that the increments of 
energy communicated bythe tuning-fork to the air mole- 
ayer ey oe ee 
, Cause & of the energy of the 
column to be Tirected radially outwards on all sides (some- 


he | what after the manner of the current of air between the two 
molecules i 


discs), and that the vibrations of the of the inter- 
cepted column, being directed outwards, cause a rarefaction 
of the axis of the column. I cannot accept this statement 
ascorrect. Admitting for the moment that the molecules of 
the column vibrate radially outwards, I urge that this is 
only one way of expressing the direction of their vibrations. 
It would be quite as correct to say they are directed in- 
wards. The fact is, if they vibrate laterally at all, they 
vibrate both ontwards and inwards. The pendulum of my 
clock vibrates northwards, yet it has no tendency to urge 
the clock towards the north pole ; for, after having moved 
northwards it immediately commences to move southwa 
with the same velocity. So it must be with molecular vibra- 
tions. Ifthe molecules of the column of air intercepted 
between the tuning-fork and card vibrate both outwards and 
inwards their supposed lateral vibrations have no tendency 
to rarefy the axis of the column. eed, if the molecules 
of the column vibrate with greater energy than do those of 
the rest of the medium, as your contributor supposes, the 
axis of. the column (if the molecules vibrate laterally) 
would be subject to — pressure than it otherwise 
would, at least it would beso if the column were not free to 
expand; certainly the pressure could not be less at the 
axis of the column than elsewhere. 

I admit on a ” —— contained 4 ¥~ above 
suggestion which must no hastily rej . Suppose, 
for _ ee that it be maintained that the ing-fork 
vibrations cause all the molecules of the column inter- 
cepted between the fork and card to vibrate to and fro 
laterally ; then the ends of the column (that is, the fork 
and ) would be subject to no pressure at all, and the 
fork and card would approach each other. Your contributor 
did not s st this, but he may have meant something of 
the sort. It may, therefore, be worth while to point out 
that the theory of ‘lateral vibrations” of the molecules 
of an ‘‘ intercepted column’’ is open to some serious objec- 
tions. 

In the first place, can any explanation be given of how 
the molecules of the column are caused to vibrate laterally 
at all? The tendency of the reflection of waves longitu- 
dinally seems to be just the other way. And even if this 
apparent difficulty were overcome there remain two objec- 
tions which apply to every theory which would explain at- 
traction, at any rate the attraction of gravitation, which, 
be it remembered, is what we havein view when weare deali 
with tuning-fork vibrations, by means of the reflection o: 
waves along a column in ted between the attracting 
and at bodies. 

Your contributor complains more than once that I ignore 
altogether this reflection of waves and its attendant effect. 
I do, and I will tell youwhy. It seems to me to be utterly 
impossible that between, say, the sun and the earth there 
can be any so-called intercepted column which is profoundly 
influenced by reflected waves. The earth emits a wave to- 
wards fhe sun, the wave arrives at the sun ina few minutes’ 

time, during which the earth has travelled some thousands 
of miles. The wave is re and reaches the 
earth in a few minutes more, during which the earth has 
travelled oe re prem A — a is oon 

nite another of space er. uently the 
a column’’ of ether intercepted between the earth and sun, 
when the wave to the earth, is not the same 
colwmn that was intercepted when the wave first started 
on its journey of something less than a hundred millions of 
miles. To talk of a column of ether between the earth and 
the sun is like talking of a column of air between two rail- 
way trains travelling at 60 miles an hour in the same 
directions on two lines a mile apart. At every succeeding 
instant of time the in column is, in both cases, 
composed of fresh particles, and the intercepted column is 
only an imaginary one, and may, I think, nay, must be left 
out of account. 

Nor is this all. P gpa ae pm difficulty in the 
way of explaining the gravitation ‘0 bodies means 
| of the reflection of waves in the column of ether in 
| between them, which is positively fatal to your contributor’s 
' theory. It is this : what we have to explain is not the attrac- 
| tion of the earth by the sun and of the sun by the earth. 
| The fact ise molecule of the sun attracts every mole- 
cule of the earth, and every molecule of the earth attracts 
every molecule of the sun. is is iable, since all 
bodies, large and small, in.obedience to the same george 
influence, gravitate at the same velocity, and not a 
velocities ing with their surfaces. A molecule at the 
' centre of the sun attracts, and is attracted by, a molecule at 
How? Your contributor replies 
by saying that waves are reflected between the two we 
molecules ; that the particles of the So column. 

' ether are continually receiving increments » owing 
to the reflection of these waves; that the being 











ere the smallest ever doing so? not; 
for before it had proceeded a single inch tocen nase 
started from, it is morally certain 
and di a thousand times over by other molecules 
which block the way. 


increasing the velocity of, and ing, th 
i of air (not, however, in reduci 
the pressure of the air in the column) ; but in the case o 
gravitation this reflection of waves between two vibrating 
molecules must necessarily be left out of account, since, 
waiving other difficulties, in the vast majority of cases the 
mol are placed under such conditions that no waves 
can possibly be reflected at all. 

None of these difficulties attend my own theory of gravi- 
tation, which explains the influence exerted by every 
molecule of the sun upon the ether particles surrounding 
ry! molecule of the earth in the simplest possible manner. 
All I ask you to believe is that an elastic molecule, in 


rapid vibra‘ motion in the midst of an ethereal fluid 
composed of elastic particles, mast inevitably exert a rare- 
fying influence u the ether particles, so as to cause 


them to assume the form of concentric layers around the 
centre of disturbance ; that the meselying influence of the 
vibrating molecule u any layer depends upon its dis- 
tance from the vibrating molecule; the layer immediatel: 
contiguous to the molecule being less dense than the secon’ 
layer, the second less dense than the third, and so on. Of 
course the influence exerted by any one molecule of the sun 
upon the distribution of ether Bay wy around 

cule of the earth pone tthe ether trates the 
earth with great is almost infinitely slight 3. but 
we must bear in mind that all the countless myriads of 


molecules com the sun are engeged in a 
similar influence ; the final result of WD ciekand aeloe 
ies Serie hice aca ameniegenitiieuees: 
which, press' w 
of the surface of each quand em lightly soe 
upon that side of it farthest from the sun than upon 
the o ite side. 
What we have now to explain is the fact that 
molecule of the earth tends to recede from the denser 
of the medium towards the rarer. My theory is that 
whenever a body which is composed of particles in intensely 
rapid vibratory motion, is immersed in an elastic medium 
the pressure of which is due to the ‘‘ mere ing about’’ 
of its constituent particles, it can only remain at rest so 
long as the particles of the medium are uniformly distri- 
buted around it; that if the particles of the medium be 
more dense upon one side of the immersed body than upon 
the cugoute side, the imm body will tend to move 
fore i rarer agp fo the medium, Seasnee Samara ‘ 
‘orming its surface, r impinging against the particles 
of the medium, do not rebound with the same energy at all 
eae of that surface, but rebound with the greatest 
rom that part of the medium which is the most dense, = 
the same reason that a little glass marble rebounds from a 
very large one with ter energy than it rebounds from 
one which is but little larger than itself. (I trust I have 
already made this clear when dealing with the tuning. 
fork experiments). 
inally, I maintain that. every molecule of which the 
earth (and, indeed, the universe) is composed is made up of 
or atoms which are not at rest relatively to each 
other, but are in intensely rapid vibra‘ motion ; so that 
not only do the particles of the sw ing ether impi 
inst the surface of each molecule, but canalaae 
= somes of each molecule also impinge against the surround. 
ing ether particles. If this be so, and if it be true that 
molecules under these conditions must inevitably tend to 
recede from the denser parts of the medium towards the 
rarer (as I maintain they must do) ; and, moreover, if it be 
true that every molecule of the earth’ is surrounded by ether 
icles which are less dense on that side nearest the sun 
han elsewhere (as I have already shown must be the case) 
then the gravitation of the casth towards the sun ma 
possibly be due to the causes which I have here pointed out; 
Whether these causes are adequate to produce the observed 
effect, is, and is likely to remain, somewhat doubtful. 
admit that if I had that the effect was due to the 
vibration of the molecules themselves the medium, 


oe Dnpeagaenees Bp rmctgys, -_ tugged anything 

heory as unsatisfactory. Bu’ not suggest anythi 

of a fiat I suggested that the constituent atoms of eac 
ral 


molecule impinge with 

surrounding ether, which is quite 

so pee difficul pt me 
when~ we 

mate of the able velocity which the 

. It isknown, forinstance, that in order to produce 
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trable 
about 17 billions of 
velocity the ether 
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may amount to as much as the tenth part of an inch, which, 

remember rightly, is about the distance which the earth 

every second from its natural rectilinear path ? 

Your contributor objects that my theory of vitation 
does not —> cohesion. I certainly never any idea 
that it would doso. I have always understood that the so- 
called force of gravity is not and cannot be identical with 
the force of cohesion. In fact, there seems to me to be as 
much difference between the enormous attraction of co- 
hesion and the comparatively feeble attraction of gravita- 
tion, as there is between the slight approach of a suspended 
card towards a vibrating re he. and the ‘ cohesion”’ 
of the ey ee And just as I explain the 
cohesion of the burg hemispheres by the fact that 
they were in such close proximity that the particles of air 
were excluded from their surfaces in contact, and were thus 
subject to the full force of aérial pressure ; so I would ex- 
plain the cohesion of two molecules |by assuming that they 
are so nearly in contact that they are subject to the direct 
aoe of an elastic medium, which is not the air nor 
uminiferous ether, but another medium, in whose existence 
there are, I think, experimental grounds for believing. 

This theory is no more discredited by the fact that it is 
not new, it, or something like it, having been held by Male- 
branche (if not by Democritus), than your contributor’s 
theory—at least in so far as it asserts that gravitation is due 
to ethereal pressure—is discredited by its having been ad- 
vanced by the Ex Newton, by Hooke, by Dr. Jules 
Guyot, by Dr. Guthrie, and by M. Emile Saigey. 

I am, Sir, yours truly, 
Tuomas Inwoop PoLLARD. 


CONTRACTOR'S PLANT.* 
By ALEXANDER CLARK. 
(Concluded from page 425.) 

Scaffolding.—Scaffolding in engineering works often 
suggests a very rude and roughly-fixed platform without 
any particular design demanding special attention. For 
house buildings and the lighter of bridges and similar 
works two simple methods of scaffolding are often re- 
sorted to, one in which two battens or planks are bolted to- 

her with a short block between, on which a support is 

id for carrying the planks which form the working plat- 
form, another in which round poles are used for both up- 
rights and bearers, which are tied at the junctions with 
hemp ropes. So many matters, however, coming more di- 

under our heading, call for notice that we must leave 
the treatment of this su , as well as the whole subject of 
** eentering”’ for another occasion should you grant us the 
privilege of again addressing you. 

The contractor's t enemy undoubtedly is water. To 
get rid of water, to keep clear of water, to dam back water, 
* to — up — 4 is in me 9 r other a — 
ofa part of the emp ent of engineers and con- 
tractors, and most likely will be to the end of time. 
If some chemical t could be discovered which would 
turn water into a solid or gaseous form, just as required by 
the contractor, the discoverer would merit the unqualified 
laudation of all right-minded men, but in its common liquid 
form as water it often makes itself very denapuealiio, 
especially if dirty, and of all dirty water, perhaps sewage 
is the most difficult to deal with. Sewers asa rule can be 
discharged with least trouble and expense at the place where 
they are not wanted, anda great problem at the present 
time is to find a pump, or wheel or lift of some kind, which 
mer raise sewage a little in the world and enable it to shift 

or 
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Model of Sewage Wheel.—We have prepared a model of 
a wheel desi to raise sewage water, which we think 
overcomes the objections made to the greater number of 
machines of this class with which we are acquainted. The 


‘* Paper read before the Edinburgh and Leith Engineers’ 
Society. 








average lift was 11 ft. The wheel (see Fig. 5) is constructed 
to be cast in four pieces, being 13 ft. diameter.in centre of 
the inner and 16 ft. diameter on the outside of buckets. The 
rim to be convex, 2 ft. 6 in. broad, having 8 in. of curve. The 
buckets are 32 in number, having a curve of 1 ft. 6in. along 
the rim of the wheel, and ae ing one another externally 
soas to form a solid outside rim, the water being admitted and 


disch on the two sides only. The weight of the wheel was 
about/5} tons, and it was required to lift 500,000 gallons per 


diem, to be driven bya small turbine of 24 horse power with an 
expenditure of 100,000 gallons per diem. This is much 
within the capacity of the wheel, for at least double this 
quantity coal be raised without ex ing two revolutions 

minute, a very moderate speed for the bucket to travel. 
We are not aware that a wheel on this principle has ever 
been in use, and we submit it for your consideration as a 
useful machine for low lifts without respect to the nature 
of the water to be raised. 

Chain Pumps.—In sinking wells for excavation of river 
diversions or dock walls where large areas are to be drained 
or foundations sunk far below low-water level, the chain 
pump is undoubtedly one of the simplest, readiest, and most 
useful machines. One can be readily extemporised by cut- 
ting a tree or log down the centre, scooping out one-half 
the area of the pump disc from each side, and fastening it 
together again with iron straps. A strong wooden frame 
above for wey A the pitch-wheel and circular discs for 
attaching to the chain complete the carpenter work. The 
chain avd pitch-wheel can be made by any ordinary black- 
smith without recourse to any engineer’s shop. Theseare 
great recommendations to a contractor who requires some- 
thing easily made and repaired. Should the excavation 
be in sand it may be conveniently worked on the top of the 
qtnin. and with a man below shovelling the sand from 
the sides towards the centre, and a few tons of rails or pi 
iron as a load on the top the pump will lift both the al 
and water, and gradually sink with the cylinder into the 
ground. We have a sketch of a pump made and in 
this way. No doubt better workmanship gives superior 
results so far as power is concerned, but for the object re- 
ferred to the difference would not counterbalance the 
extra expense. When fitted up permanently they can be 
made to work tolerably smooth although never strictly 
speaking economically. 

Centrifugal Pump.—Where an immense body of toler- 
ably pure water has to be dealt with the centrifugal pum 
has nearly su ed all others both for economy | 
convenience. In the excavation of the diversion of the 
River Dee, Aberdeen, two pumps 15in. in diameter and 
one 9 in. in diameter were One of the former when 
first started, driven by a portable steam engine of 25 horse 
power, having a lift of 12 ft., disc water at the rate 
of 900,000 cubic feet per diem. As the excavations were 
sunk the lift increased but the discharge continued pro- 
portionate. The two great difficulties in working the 
centrifugal pump which have been the cause of its being 
considered troublesome to work, arise from the difficulty 
of getting the lower valve perfectly tight, and the trouble 
in keeping the pump filled with water owing to the leakage 
of the lower valve. Both these can be easily overcome. 
1. The steam should be shut off suddenly so as to bring 
the valve down as quickly as possible. 2. Before leaving 
the pump the man in charge ought to observe by looking 
into the discharge pipe if the water is sinking in the pump, 
and if so the engine should again be started until repeated 
trials make it certain that the valve is perfectly close. 3. 
A bent rod for lifting the lower valve attached to a lever 
should be fastened to the pump, so that the valve may be 
lifted by hand should the stopping of the engine as pro- 
posed ineffective. 4. A cistern for filling the pump 
should be placed immediately over the fan, conn by a 
branch pipe and supplied with a sluice. This should be 
kept constantly filled so as to be run into the pump when re- 
quired. By observing these precautions the centrifugal 
may be as easily worked as any other form of pump and 
with far more effect. We have seen as much as 20 cubic 
yards of sand through the pump in half an hour with- 
out injury, and should abundance of pure water be‘after- 
wards supplied this would form no obstruction in the way 
of stopping and again starting the pump. 

We come now to the subjects of rails, wagons, and piling 
machinery. 

Rails.—The service rails used on contractors’ work are 
usually flat bottomed, varying in weight from about 22 lb. 
to 35lb. per yard, and fastened with dogs 3}in. to 4in. 
long by gin. to 4 in. square. When chairs are used, which 
is only occasionally, they have usually no keys, or only a 
dog or spike driven in should the chair be too loose. The 
points and crossings are very simple in construction. The 
most simple is where a main line of rails is laid complete 
without break for either points or crossin In this case 
the points are formed by a rail tapered off at the end laid 
on above the main rail, and at the crossing a gap is left so 
as to allow a wagon wheel to pass on the main line. Opposite 
this gap a strong check is placed on the outer leg of the 
rail into the siding, and where the siding again joins 
the main line it is thrown on by a check block without the 
tapering rail which is used at the opposite end of the siding. 
This form of siding is only for empty wagons. A 
better form of crossing is, by the use of a sliding rail 
thrown over the main line, at one end for con- 
venience. Both these forms are inconvenient where there 
is much traffic, and the best form of crossing is similar to 
that used in permanent rails, baving points with swing 
rails fastened with connecting rods, handle, &. Three 
lines of rails can be run on toa bank for tipping wagons 
with a single switch of this form, and five hundred wagons 
in ten hours may pass along to the bank head in safety. 

Wagons.—Tipping wagons are various both in size and 
construction. y contractors have a particular form of 
their own to which they are generally partial. We have 
little time to describe ithe w of them and shall only 
attempt to note a few of their differences. 





1. Bogie wagons, or as they are called by the workmen 
fiddlestick wagons. Having only a single frame, their 
tipping joint is the front axle, the plummer block of which 
is co cted accordingly to suit. The axles are kept to 
their proper distance by a small frame about 2ft. wide, 
which lies between the plummer blocks. These wagons stand 
— low, being only about 4 ft. 3in. above the level of the 

iis. For this reason they are much more easily filled and 
are the lightest form of wagon, but as ye require much 
more force to tip them at the bank end, they are not so 
much used as the high-flyer wagon. 

2. The joint tipping wagon. In this wagon (see Fig. 1, 
page 424, ante), as in the former, the centre of the front 
axle is the point around which the wagon turns, but it is 
higher by the depth of the lower frame, which is jointed, 
the front plammer block forming also a hinge between the 
front and back part of the lower frame. By this means 
the on is more rigid than the former, and can be con- 
veniently locked down behind to the back axle, which serves 
to counterbalance the weight. These wagons are usually 
made deeper than the bogie wagons, containing about three 
cubic yards. For a long lead or a wet cutting they are the 
most useful of any class of tipping wagons. 

3. The high-flyer wagon. this is the typical contractors’ 
wagon, and is more generally used than any other class. 
It a complete lower frame with regular tipping joints 
set in front, and a cross bearer behind to bring the upper 
frame of the wagon to the proper level. It is more easily 
tipped than any of the others. The upper frame being 
above the level of the t of the wheels, wagons of 
this construction are easily made for tipping to the side. 
These have in addition to the frame before described cross 
bearers for supporting the tipping joints, which are placed 
transversely. A convenient form of this wagon for tip- 
ping to either side, of which we have made a drawing, 
will show the whole details. Although the height of the 
sides above the rail is in this case more than in the end 
tipping wagon, the tail doors, which in this case are on 
each side, render the filling of it not more difficult than in 
the case of the other. 

Difficulty is often experienced by contractors in tipping 
certain kinds of material in wet weather, and from some 
cuttings in all weathers, owing to the adhesion of the 
particles to the sides and bottoms of the wagons, and many 
expedients are resorted to for the mae of remedying 
this. Sandy clay is probably the most difficult material to 
work in wet cuttings. Even when filled into the wagon in 
a comparatively dry state, if the lead be long, it generally 
settles down into a hard compact mass below, and a semi- 
liquid state on the surface. Brushwood, loose boards, &c., 
have been tried in the bottoms of the wagons with only 
partial success. Another method, in which a strong post 
was driven into the bank with a heavy chain attached with 
an end link for attaching to the draw-bar of the wagon was 
sure either to break itself or damage the frame or draw- 
bar of the wagon. The subject is of great importance, and 
we mention it in the hope that some gentleman may be able 
to suggest a remedy. We have seen as many as fifteen 
wagons out of a train of thirty follow one another to the 
bottom of the bank in the attempt to tip them, some of them 
having turned over twice before any of their contents were 
discharged. 

Piling Machinery.—This is a subject on which a whole 
paper might be very profitably expended, but we hope with 
the assistance of a model of the machine at present in use 
on the reclamation embankment of the new Leith Dock to 
set before you the important practical points in this branch 
of contractors’ work. 

The peculiarity of the work as well as its position rendered 
a more complicated machine necessary than is usual for 
ti) a pepey For, first, a row of sheeting piles 
9 ft. long had to be driven to the surface of the ground, and 
at every 18 ft. a cross row of four piles 25 ft. to 27 ft. long 
were required for the purpose of supporting the staging 
on which all the materials to form the embankment had 
to be carried. At high water of stream tides the sand is 
covered to a depth of 13ft. or 14ft., while at low water the 
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ground isdry. The engine and boiler required to be set 
above high-water level, and as it was inconvenient if not 
impracticable in the circumstances to make a machine to run 
on the sand both longitudinally and page ye it was re- 
solved that one under frame the whole width of the staging 
should be made to run longitudinally on the sand with an 
upper frame carrying the engine and boiler to move trans- 
versely on the top for the purpose of driving the staging 
piles. As the machine, which has a —_ of 43 ft. between 
the lower rails, is moved along in the line of the embank- 
ment, a row of sheeting piles 9 ft. x2 ft. x6 in. each is driven 
by aram working between two ing leaders by means 
oO 


an endless chain which is driven by a pitch wheel keyed 




















May 26, 1876.] 


ENGINEERING. 








on the end of the shaft of the steam winch. From 18 to 
22 strokes per minute with an average fall of 7 ft. is about 
the speed attainable with this machine, and a pile 9 ft. long 
takes from three to four minutes in driving to the surface 
of the ground. At every 18 ft. in length the endless chain 
is slipped off the pitch wheel and the top framework carry- 
ing the steam winch and boiler is moved to the position 
of one of the staging piles. These are driven witha ram 
of the ordinary construction having a monkey with lever 
worked with an ordinary chain round the barrel of the 
steam winch. 

About eight strokes per minute is the speed of this ram, 
and it takes from ten to twelve minutes to drive a pile 
6 ft. into the ground. 

Between the ebbing and flowing of the tide is from three 
to four hours, nine sheeting and four staying piles being 
good work for one tide. 








The working of the 
upper ram for driving 
the staging piles is 
evident and requires no 
description. The work- 
ing of the lower ram 
with the endless chain 
is not so evident, as 
its working parts are 
concealed in the ram 
itself. These consist 
of an eccentric pulley 
with a strap round it to 
which a boltis attached 
by a joint. The axle 
of the pulley has a -—}--f---*----f-- 
lever attached outside Q. 
the ram, to the end of 
which a rope isfastened 
for raising the eccen- 
tric and throwing the 
bolt into one of the 
open links of the pitch 
chain. On the front of one of the leaders a staple is fixed, 
which catches one of the ends of the outside lever when 
the ram has reached the required height. The ram instantly 
falls and is again thrown into gear by pulling the rope at 
the end of the lever. 

Many forms of piling machines worked by endless chains 
are in use, and there is yet much room for improvement in 
all of them. No part of contractors’ plant is subject to 
such deterioration or costs so much to keep it in repair. 

We have so far endeavoured to describe some of the 
common items of contractors’ plant, a plant, as all con- 
tractors know, which grows very sensibly on every large 
work he engages, and which but for the pruning it occa- 
sionally gets at the hands of the auctioneer, would soon 
produce nothing but leaves. We have just been able to 
bring together some of the materials of which it is com- 
posed, but not to proceed to the elaboration of the sap much 
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less to set it in motion, while the fruit—well, we hope for | to be 


some fruit, for if we have been able to give you some idea 
of what the plant consists, and to lead your society to 
take an interest in the minute ramifications of its tissues, 
we shall consider that we have not failed in the object of 
our paper. An engineer’s education is not complete unless 
he is acquainted with all the various forms of contractors’ 
plant, and we are happy to say that some engineers con- 
sider it indispensable to make drawings of the various ma- 
chines used on their works. 

_ Alterations in the way of working and suggestions of 
improvement in machinery made by engineers are generally 
taken by contractors in the most friendly way, and we 
think that modifications in the design to suit the views of 
an experienced contractor should be received by engineers 
in the same spirit. No doubt proposals of alteration are 
generally made for the benefit of the party proposing them, 
but this is not always the case, and even P song should the 
stability of the work not be endangered, there is no reason 
why the contractor should not benefit by his prudence and 
forethought. 

A good understanding between the engineer and con- 
tractor is indispensable to the carrying out of the work 
satisfactorily, and the more Pomeite . § the one under- 
stands the work of the other the easier will it be to keep 
matters properly balanced, and sustain that mutual con- 
fidence on which so much depends for the carrying out of 
large undertakings. 


FOREIGN AND COLONIAL NOTES. 


Locomotives on the Antwerp and Rotterdam.—In con- 
sequence of the steady increase in the mileage and business 
of the Antwerp and Rotterdam Railway Company, the com- 
pany has been obliged to add very largely to its stock of 
engines, At the commencement of 1866, the compan, 
possessed 94 locomotives ; at the commencement of 1876, 
the total had risen to 179. In the course of last year 32 of 
the company’s engines received considerable repairs, and 
eight o were slightly repaired. 

Virginian Coal.—Some P lvanian capitalists have 
purchased some large tracts of coal bode tn Webster 








About 4500 tons have come into their 


county, West Virginia, along the Gauley and Elk rivers. 


Mr. J 





Woolly, of Mahanoy city, Schuylkill county, who has 
been sent out to examine the property, has opened several 
veins of superior coal Ty bow 5 ft. to 9 ft., including 
a rich vein of gas coal 7 ft. thick. 


Australian ye — The steamship Edinburgh, 
under charter to the Telegraph Construction and Mainte- 
nance ars age (Limited), recently brought out to Aus- 
tralia a cable about 35 miles in length, which she laid near 
Adelaide across what is known as the Back Passage, to 
connect a telegraph line between South Australia and 
Western Australi 


Permanent Way on the Union Pacific.—The important 
work of filling and replacing all temporary structures on 
the Union Pacific Railroad was completed in 1874, but the 
company has added much to the efficiency of the road by con- 
tinuing the raising of banks and the widening of cuts, thus 
obviating the necessity of maintaining expensive snow sheds. 
Suteneetinnsy floods have also been provided against. 
These measures are expected to effect important reductions 
in working expenses. 


Water Supply of Philadelphia.—The revenue of the 
Philadelphia Water Department in 1875, amounted to 
1,169,666 dols. The expenditure of the year was 983,337 
dols. During the year upwards of 33 miles of pipes were 
laid, making the aggregate length of pipe now laid in the 
city 662 miles. Philadelphia has also 74 public drinking 
fountains supplied free of charge. 


Gas in Paris.—The consumption of gas has immensely 
increased in Paris during the last twenty years. Thus in 
1855, the consumption did not exceed 40,747,400 cubic 
metres ; in 1875, it had risen to 175,938,244 cubic metres. 
The number of private gas consumers in Paris in 1875 was 
111,221. The French capital + ager pre 33,000 public lamps 
last year; it had also 1041 miles of gas pipes. 

Northern Pacific Railroad Coal.—Mr. W. 8. Sheafer 
has been commissioned by the Northern Pacific Railroad 
Company to examine and report upon its coal lands in 
Washington Territory. Mr. Sheafer will be assisted by 
Messrs. J. and S. Shippen and Mr. Mason Weidman. The 
exports of coal in February from Seattle, the Puget Sound 
terminus of the Northern Pacific road, were greater than 
the exports in any previous month in any previous year. 
The aggregate was 11,509 tons, all of which was sent to 
San Francisco. The Pacific Mail Steamship Company is 
said to be using this Seattle coal. 


Steel Rails on the Chicago, Milwaukee, and St. Paul.— 
In the course of last year, the Chicago, Milwaukee, and St. 
Paul Railroad Company laid down 57} miles of steel rails 
upon its system. At the close of 1875, the company had 
steel-railed its track to the aggregate extent of 2464 miles. 


Nova Scotian Railways.—Only five or six miles of a line 
between Yarmouth and Weymouth remain to be graded, 
and not more than a third of the distance between Wey- 
mouth and Digby. A railway bridge across the —_ = 
river will be ready for the rails in a few weeks. Four 
cargoes of rails have been landed at Yarmouth this spring, 
and two others have still to arrive from New Orleans. 


The French Iron Trade —Prices have been pretty well 
maintained upon the Paris iron market. A decision adopted 
by the Municipal Council to continue the Avenue de l’Opera 
and to commence certain great public works on the occasion 
of the Exhibition of 1878 seems to guarantee some activity 
in the building trade in the French capital. 


A Statue for New York Harbowr.—It is stated that a 

gigantic French statue emblematic of liberty, and intended 

placed ona small island in New York Harbour, will 

be ready by July 4. The statue is 68 ft. high, and holds 

in an upraised hand a lighted torch emblematic of Liberty 

lighting the world. The statue is a centennial gift from 
France to the United States. 


The German Navy.—The Imperial German navy, which 
has hitherto employed English coal exclusively, is about 
to make some experiments with Westphalian coal. These 
experiments are to take place at Wilhelmshaven. ; 


Belgian Iron.—In the first three months of this year 
Belgium exported 46,100 tons of iron—rails, plates, chains, 
&c. Thecorresponding exports in the first quarter of 1875 
were 47,900 tons, and in the first quarter of 1874, 
56,200 tons. 


French Steam Navigation.—The profits realised in 1875 
by the French General Transatlantic Company amounted 
to 40,3541. This balance enabled the company to pay a 
dividend for the year at the rate of 2} per cent. per annum. 
The company is actively proceeding with the reparation 
and transformation of its fleet; the expenditure made 
with this object in 1875 amounted to 174,2401. 


An American ‘‘ Round House.’’—The Philadelphia, Wil- 
mington, and Baltimore Rai ompany is erecting a 
round house at Second and Spruce-streets, Wilmi m, 
Delaware. The building will be 294 ft. in diameter, and it 
will accommodate forty engines. About 4000 piles - had 
to be driven to secure a proper foundation for struc- 
ture. : 


Tramways at Brussels.—The aggregate receipts of the 
Brussels Tramway Company in the first four months of 
this year amounted to 21,5391., as compared with 19,9351. 
in the corresponding period of 1875, showing an increase of 
16041. this year. ‘The number of cars in use upon the 
company’s lines this year has been 67, as compared with 65 
in the corresponding period of 1875. 


Steel-Headed Rails.—Some experiments with steel- 


headed rails have been recently made at the Wyandotte | pum 


Rolling Mills, near Detroit. Some rails were made with 


an iron base and Bessemer steel head, and they-were so | new 


successfully welded that the most trying tests failed to 





show even the points of junction of the two metals. Accord- 


ing to an American contem the experiments x 
the welded rails to be even the solid steel rails. 
Each of the rails was subjected to sixty 
pg wD, ig ao Fy 

8 3 in ev 
direction ; the welded rails, although Rays down 
twisted in the neck, showed no signs of fracture. 

Coal on the Paris, Lyons, and Mediterranean. 
1875 the coal consumed upon the old net work of the Paris, 
ame and Mediterranean Railway cost, on an average, 
11. 5s. per ton, as compared with an average of 11, 5s, 10d. 
per ton in 1874. 


A Great French Telescope. —The director of the Paris 
Observatory has recei from the French Minister of 
Public Instruction the necessary authority to proceed with 
the construction of a monster pe, the design for 
which has been approved. The instrument, which will be 
one of the most powerful telescopes ever made, is to be 
manufactured by M. Eichens, who has undertaken to com- 
plete it in two years. The tube will be no less than 56 ft. 
8 in. in length. 

Draining North Brisbane.—A scheme for draining North 
Brisbane is in the hands of Mr. Nisbet, engineer of har- 
bours for Queensland. Mr. Nisbet proposes to carry off 
the storm waters and the sewage by the independent 
systems of drains or culverts. It is proposed to drain 
Fortitude Valley by an open cutting, taking the line of an 
original watercourse which debouches into the river below 
Bulimba Ferry. This . creek built upon and 
ee. blocked up by owners of private property, and 

rom this cause the adjacent lands have of late years been 
subjected to frequent inundations. The open cutting will 
be faced with brick, and will have open side drains con- 
necting with the main drain by means of culverts having 
self-acting valves to prevent the reflux of the tide. The 
total estimated cost of the new culverts, including one in 
Makerston-street, is about 35,0001. The sewage it is proposed 
to carry off by a main sewer from the city to below the 
Powder Magazine, a length of 54 miles of sewer. The 
a _— will discharge itself into the river about 74 miles 
rom town. 


Long Words in Telegrams.—One of the results of a recent 
telegraphic conference at St. Petersburg, is that in messages 
sent from India to England, or any other country in Europe, 
and vice versd, any word containing more than ten letters 
is counted as two words, and charged for accordingly. 

Warming Railway Carriages.—The council of adminis- 
tration of the Western of France Railway Company has 


| 
5B 


decided that, commencing with next winter, the compart- 
ments of the second and third-class carriages upon the main 
lines of the company’s system shall be w . Hitherto 


the warming has been confined to the first-class carriages. 





A House witH « Hisrory.—For some time past 
building operations have been carried on at the south- 
eastern corner of Bow-street and Long Acre which have 
resulted in the erection of a handsome structure which 
contrasts in a marked manner with the dilapidated half 
brick and half wooden premises which it has superseded. 
The new building constitutes the offices of Messrs. Merry- 
weather and Sons, whose fire engine factory is situated in 
York-street, Lambeth. But ugly and incongruous as were 
the old premises they were not without interesting associa- 
tions in connexion with the history of the fire The 
brick building dated back to about the year 1700, whilst 
the rear portion in Bow-street, which was of wood, was 
built on the en of the house about 120 years since, and 
constituted the original factory of Messrs. Merryweather. 
The books of the firm, which are still preserved, date back 
upwards of a century. In this antiquated building the 

ter portion of the earlier i of the various 

re brigades were built, as also were those of the fire offices 
which at one time ran engines to and occasionally 
peg 9s oie the trick of Pumping on their armen ies, the 

t) ie men, 80 was the ri then existing. 
At the old house the Tate Lord Thurlow deed the pon 
Duke of Buckingham were at one time constant visitors, 
and many experiments which aided in developing the fire 
engine into its present perfect condition were made there 
under the superintendence of these noblemen. There also 
under the direction of Messrs. Hadley, Simpkin, and Lote, 
the predecessors and relatives of the present partners, the 
metallic valve was brought into use, and it has baffled the 
ingenuity of inventors to supersede the construction then 
adopted, and it is still retained in use by the chief fire 
engine makers in the kingdom. Amongst other fire 
machines constructed there may be mentioned a floating 
fire engine which was built for the Emperor Nicholas of 
Russia about 40 years since, and which still exists as 
efficient asever. ‘herealso, during a foreign war, the late 
_ Me eather ——— a machine for pi 

iquid upon an opposi ortress, During ti 

reign 0 terror in the Fen districts, when ‘‘ Swing” gave 
notice to certain farmers and landowners tha frei 
premises and produce would be d ed at a given hour, 

ines were turned out in Long Acre in hot haste without 
so much as asmear of paint on them, and some of these are 
still to be seen in Lincolnshire and the surrounding 
counties. ine es oJ er as also Ray 
construc’ eir m » the “ Se 
the success of which machine led to the ie 
facture of this class of engi 


P per 
steamer capable of delivering 2500 
ilding occupies the same 
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Brothers being the contractors, 
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THE ORIGIN OF MOTION.—No. VIII, 


1. The Phenomena of Repulsion by Radiation ob- 
served by Mr. Crookes.—The important fact of repul- 
sion by radiation discovered by Mr. Crookes, and 
which is exciting so much attention at the present 
time, has a special interest for us, as it serves asa 
confirming test of the truth of the deduction to which 
we have been led as regards the constitution of the 
ether, in so far as this fact of repulsion admits of 
being deduced therefrom as the absolutely necessary 
consequence. We shall proceed to show this in as 
concise and clear a manner as possible, 

9. It was our purpose to demonstrate in the first 
of these articles, that when the theory of “ action at 
a distance” is rejected, then it follows as a remark- 
able and noteworthy fact that the problem as to the 
constitution of the ether will admit of but one solu- 
tion. Firstly, we showed that the e/asticity of theether 
or the power which it possesses of recovering its 
equilibrium when disturbed—as in the act of pro- 
pagating a wave of light—can, when the theory of 
‘‘ action at a distance” is rejected, be solely referred 
to an internal motion going on among the constituent 
matter or particles of the ether in its normal state. 
For when the theory of ‘action ata distance” is re- 
jected, the elasticity of the ether can no longer be 
referred to a repellent or attractive action exercised 
among its particles while in a state of rest. The 
particles accordingly must be ix motion, the elasticity 
of the ether being due to the expansive action of 
internal motion. Secondly, we showed that when 
the theory of ‘action at a distance” is rejected, and 
therefore the ether particles can no longer be 
assumed to have a power of acting on or influencing 
each other at a distance, then the motion of the 
ether particles can only take place in straight lines ; 
for it is an accepted fact that a particle of matter 
moving in free space, and wholly uninfluenced, can 
only move in a straight line, which accordingly 
shows the constitution of the ether to resemble that 
already attributed to gaseous matter according to 
the theory of Joule and Clausius, this being the 
only possible solution to the problem by the rejection 
of the theory of ‘‘ action at a distance.” Any one 
can test this conclusion for himself by a few minutes 
consideration of the subject. On the other hand, it 
may be demonstrated (as we showed in ourfirst article) 
that if the theory of ‘‘ action at a distance” be ad- 
mitted, the problem as to the eonstitution of the 
ether is rendered undeterminable on account of the 
facility afforded by this theory for the evolution of 
speculative hypotheses which preclude a final deci- 
sion. A consideration of this power of the theory of 
‘action at a distance” of rendering theoretic reason- 
ing abortive by diverting it over an almost limitless 
field of speculative hypothesis is, as it appears to us, 
the only way of accounting for the fact that hither- 
to few attempts appear to have been made to 
decide or settle the problem as to the constitution 
of the ether, a problem which, if only optical pheno- 
mena were regarded, must be of the highest intezest 
and importance. 

3. In regard to the normal rate of motion of the 
ether particles we further showed that when the 
theory of “ action at a distance” is rejected, the de- 
duction unavoidably follows that these particles are 
in their normal state moving with a velocity not 
less than that of light, for when “ action at a dis- 
tance” is rejected, and therefore the particles can no 
longer be assumed to have a power of influencing 
each other at a distance, the only possible way in 
which the particles can propagate the small dis- 
turbance constituting a wave is by interchange of 
motion, and it is evident that the rate of propagation 
of {the small increment or decrement of velocity 
constituting the wave could not equal that of light, 
unless the particles themselves in their normal state 
pestenen, a velocity at least equal to that of light; 
or it is to be observed that, however infinitesi- 
mally feeble the disturbance constituting the wave 
may be, it is always propagated with a velocity not 
less than that of light. So the normal velocity of 
the molecules of air (as deduced on independent 
grounds) is found to be not less—indeed somewhat 
greater—than that of a wave of sound, and the 
normal velocity of the molecules of hydrogen which 
transmit a-wave at about four times the speed of 
air, is found to be in exactly the same proportion 
(i.e., four times) greater than the velocity of the 
molecules of air. So the normal velocity of the 
ether particles, therefore, which transmit a wave at 
an SETS ter speed om. San either air | hy- 

» mus proporti ter, and the 
normal yelocity of he cher ti es must indeed 


be somewhat greater than the velocity at which a 
wave (such as a wave of light) is transmitted. The 
reason of this evidently is that since the particles 
of ether in interchanging motion among themselves 
are moving in a// directions, the wave will, there- 
fore, be mostly transmitted forward particles 
which are moving od/iquely to the line o page 
tion of the wave, and therefore the normal velocity 
of the particles must evidently be, to a certain extent, 
greater than the rate of pro tion of 
the wave, Itis evident from this that ether 
particles must, by the passage of waves, be mostly 


The normal velocity of the ether particles cannot, 
therefore, at all events, be less than that of a wave 
of light. This high normal velocity possessed by 
the component particles of the ether shows inevita- 
bly the existence of a vast.store of concealed e 
in space, which is the yery thing required to supplant 
the theory of ‘‘ action at a distance,” for this store 
-of energy is the competent physical cause to develop 
the various motions in the molecules and masses of 
matter hitherto referred to the theory of ‘action at 
distance,” 

4, Hence it may be observed that it follows, asa 
remarkable fact, that by the rejection of the theory 
of ‘action at a distance” not only does the problem 
as to the constitution of the ether (previously ren- 
dered undeterminable by the admission of this 
theory) find but ove solution ; but this solution shows 
inevitably the existence of a vast store of energy 
which, as we have said, is the very thing required 
to re the theory of ‘action at a distance,” or 
to afford a rational explanation of phenomena re- 
ferred to this theory.. Surely these facts must be 
convincing to any one of unprejudiced mind whose 
ultimate aim is truth, and who believes that the 
mode of action of physical causation admits of a 
rational appreciation. 

5. We now proceed to consider the special 
ease of repulsion observed by Mr. Crookes, taking 
the above solution to the problem as to the constitu- 
tion of the ether as a basis to work upon, In ac- 
cordance, therefore, with the deduction that the con- 
stitution of the ether resembles that of gaseous 
matter according to the theory of Joule and Clausius, 
‘¢waves” will consist simply in successive incre- 
ments and decrements of velocity experienced by 
the ether particles. It is, however, an important 
fact to observe (on account of its direct bearing on 
the question under consideration) that since a heated 
body cools by radiation, these waves must contain 
on the whole a surplus of energy, the surplus of 
energy existing in the waves representing precisely 
the energy lost by the molecules of the heated 
body in the act of cooling down. This, therefore, 

roves that although the waves consist in successive 
increments and decrements of velocity, the increment 
of energy in the one-half of the wave must be in excess 
of the decrement in the other half, otherwise the waves 
could not contain on the whole a surplus of energy, 
and the-heated body could, never cool down by 
radiation. In our third article we considered the 
physical process by which the increment of ener, 
was made to exceed the decrement, This is, how- 
ever,a mere point of interest, the fact itself bei 
beyond question, otherwise the molecules of a heate 
body could pot impart energy to the ether by radia- 
tion, 

6. When, therefore, the blackened disc employed 
by Mr. Crookes is suspended in pacuo, and the ether 
is undisturbed by waves, then the ether by the 
normal motion going on among its particles is exert- 
ing a perfectly equal pressure on both sides of the 
disc, just as a gas exerts. a pressure by the normal 


approach of a heated body (such as a candle flame) 
e ether on one side of the disc is broken u 

into waves, the physical conditions are chang 

The ether particles impinging against one side 
of the disc are then alternately accelerated and 
retarded. If the waves did not contain a surplus 
of energy, or if the successive increments and 
decrements. of energy were exactly equivalent 
to each other, then the effect weal. be to pro- 
duce a rapidly fluctuating pressure upon the disc, 
the average pressure being the same as if no waves 
existed, and, therefore, there would be on the 
whole no repulsive action exercised against the disc. 
But from the fact that the increment of energy in 
the one-half of the wave is in excess of the decre- 
ment in the other half, the pressure is on the whole 
increased, and, therefore, the disc is necessarily 
driven backwards or repelled. Therepulsion of the 
disc is therefore simply due to the dynamic action 





‘the masses of matter, the surplus o: 


accelerated and retarded in f#ransverse directions, | f 


nergy | medium, and the et sr of energy 


of the molecules of the air column, 


motion of its molecules., When, however, by the | bod 


of the ether particles, which receive a surplus of 
en the passage.of waves. Since the particles 
of ether are in their normal state impinging against 
of to those particles 

municated by the passage of waves ose particles 
hich impinge on one see, only will necessarily 
div the mass back ; this repulsion Here 
ore, following as a natural uence from the 
physio conditions of the case, and dependent on 

e deduction before arrived at as to the constitution 
of the ether, 
| 7. It would be an unwarranted inference to draw 
rom ‘this that radiation would always cause a Te- 
ulsion. We showed in our fourth article that, when 

© waves are mutually reflected between the two 
opposed vibrating bodies or molecules, stationary 
vibrations being thereby formed in the intervening 
continually im- 

to the medium by the vibrating bodies or mole- 
thus accumulating in the column of the medium 
ntervening between them, that the rarefaction of 

e column thus inevitably produced may. cause 
such a reduction of pressure as to outweigh. the 
direct a sag 49 action due to the surplus of enetey 
posse by the particles of the column, and thus 
cause an rag (“‘ attraction”) of the two vibrat- 
ing bodies due to the action of the preponderating 
oan oa py, + of the medium upon their remote 
sides. is is illustrated in the attraction of vibrat- 
ing molecules, as in the phenomena of ‘‘ cohesion.” 
It is also illustrated in the attraction of two vibrat- 
ing tuning-forks, in which case the rarefaction of 
the intervening column of air due to the accumula- 
tion of energy in the column by the successive in- 
crements of velocity imparted to it by the, opposed 
vibrating prongs of the two forks, outweighs the 
direct repulsive action due to the increase of velocity 
It can, there- 
fore, by no means be justly said that a vibrating 
body (whether a mass vibrating in air, or a molecule 
vibrating in ether) must always produce a repulsion, 
the effeet produced, whether attraction or ion, 
depeading entirely on the special physical conditions 
of the case. 

8. In the experiment of Mr. Crookes, ‘when a 
blackened disc was used, the waves were not re- 
flected, 80 that in this case there could be no accumu- 
lation of energy in the intervening ether by reflec- 
tion of the waves, and, therefore, on the whole 
there could be no rarefaction of the ether, and 
therefore no attraction, but only a repulsion is 
possible in this case. With a white disc, on the 
other hand, which reflects the luminous waves, the 
repulsion caused’was more feeble. 

9. The Reciprocal Effect of Repulsion by Radiation, 
or the Reaction or ‘Back Pressure exerted against the 
Radiating Body.—It is an accepted axiom that 
action and reaction are equal and contrary, 80, 
therefore, in the case of the phenomena of r ion 
by radiation, there must be a reaction or back pres- 
sure exerted against the radiating body tending to 
propel it in a contrary direction to that in which 
the waves are emitted. This we had occasion to allude 





gy | to in the case of the sun in our third article: It 


has been computed by Sir W. Thomson from estab- 
lished experimental facts as a basis, that the sun is 
emitting pore no a wave energy represented 
by no less than 7000 horse power per square foot of 
his surface; or otherwise upwards of 1720 foot- 
tons of energy are pty each second through 
every square foot of ether next the sun's surface. 
Can it be imagined for one moment that all this 
energy can be given up to and transmitted off by 
the ether adjacent tothe sun's surface without the 
slightest reaction or back pressure on the emitting 


y: 

10. Of course the back pressure or reaction will be 
less the greater the velocity with which this power 
of 7000 horses per square foot is transmitted, 
Thus in the case of any transmitter of power what- 
ever, the strain or reaction along the transmitting 
mechanism is' for a given power less in direct pro- 
portion as the velocity of transmission is greater, The 
strain on a belt for example due to the transmis- 
sion of a given power is less in proportion as the 
velocity with which the belt is driven is greater. 
So tt) ren eae or in the unit of ne OO 
req to be or! in .lifting a weight, then 
the static valné of the weight required to perform 
this work — consequently. the. reaction in 
lifting it) will be less in proportion as thé velocity 
with which it-is raised ‘is Ede _ It obviously 
cannot matter in the least ° the nature of. the 
work may be, but. it is quite.im to, transmit 





energy in a given direction without a reaction :in the 
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opposite direction. Although the ether particles 
are not themselves bodily carried along with the 
velocity of light in the tion of the ray, they 
nevertheless receive increments of energy from the 
sun and transmit these increments off in the direc- 
tion of the ray (these increments of energy amount- 
ing to an enormous total in a short time), so that 
a reaction or back pressure upon the body of the 
sun which imparts this energy is inevitable. The 
velocity with which this energy is propelled through 
the transmitting mechanism—the ag ei — 
tion from the sun is ve t (viz., that of light), 
so that in this case Pang Aye ‘ will be pro- 
portionally small. We have observed that the 
work done per square foot of the sun’s surface is 
7000 horse power. Taking the case of lifting 
a weight and supposing the ej imparted 
to the ether by each square foot of the sun’s 
surface were employed in lifting a weight with the 
same velocity as the energy is im to and carried 
off by the ether (i.¢. the rs of light), then the 
weight required in order to perform a work of 7000 
horses in lifting it with the velocity of light would 
be 27 grains (or more accurately 26.9 grains) ; the 
back pressure by the expenditure of 7000 horse 
power in performing a work in the form of lifting a 
weight with the velocity of light being therefore 27 
grains. This therefore must be the k pressure 
or reaction against the solar surface (27 grains per 
pues foot) by the performance of the above amount 
of work atthe above velocity. It evidently does 
not matter in the least what the nature of the work 
may be, it being a mere question of so many foot- 
pounds and such a velocity, but the above method 
of illustration is given simply for clearness in con- 
— Thus again we may apes the transmitting 
column of ether resting on each square foot of the 
solar surface to be replaced by a transmitting belt con- 
veying thesame amount of power (7000 horse power) 
with the same velocity as the column of ether, then 
the strain on the belt would be 27 grains. In other 
words the strain or reaction on a belt moving at the 
velocity of light and transmitting 7000 horse power 
would be 27 grains. The calculation is evidently 
quite a simple one, the strain on a belt to transmit a 
given power being, as is known, inversely as the 
velocity with which it is driven. The column of 
ether one square foot in sectional area, and the 
component particles of which in analogy with the 
belt are actually transmitting 7000 horse power with 
the velocity of light must therefore exert—through 
the surplus of energy given to these particles by the 
solar surface—a back pressure or reaction against 
the solar surface amounting to 27 grains per square 
foot. This therefore is the value of the reaction or 
back pressure on the radiating body (in the case of 
the sun), the natural and inevitable converse of the 
phenomenon observed by Mr. Crookes. If it were 
not for the exceptionally high velocity with which 
the energy is carried off from the sun by the trans- 
mitting mechanism the ether, or if the ether were a 
sluggish dense agent, then the reaction against the 
solar surface by imparting the same amount of 
energy would be proportionally greater—and con- 
sidering the enormous amount of energy imparted, the 
reaction would be very considerable. The lightness 
and mobility of the ether are therefore qualities which 
render it a beautiful piece of mechanism for the 
transmission of power with a minimum of strain on 
its equilibrium. Since the sun is emitting energy 
or radiating on all sides, the repulsive action would 
balance itself on all sides, producing on the whole 
no effect — excepting perhaps a slight condensation of 
the matter forming the sun. Though small in 
amount when referred to a single square foot, this 
reaction must amount to millions of tons on the 
whole solar surface. If therefore the sun were only 
emitting light on one side, it would be propelled 
backwards with an accelerated velocity into space. 
It may perhaps be an interesting point to observe in 
connexion with this that if (as is quite conceivable), 
the sun—or any stellar sun—were not emitting 
energy with perfect uniformity on all dides, here 
would be a true physical cause for producing a proper 
motion of the stellar sun in space. 
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MACHINERY FOR MAKING BARRELS. 

Tue production of wine in South Europe and of 
spirits and malt liquors in Great Britain and the 

ermanic countries, has demanded an enormous 
manufacture of that class of vessels generally known 
as casks. Such casks require to be not only strong 
enough to withstand the weight of their contents in 
storing and transporting, but must besides be 
capable of sustaining considerable pressure due to 
fermentation in the case of malt liquors, and for this 
reason they are expensive, and require the most 
careful fitting in their manufacture. 

For a long time past—more than sixty years— 
English and French engineers have given consider- 
able attention to the application of machines in 
preparing casks, and the plans and expedients in 
many cases exhibit great ingenuity and skill ; but 
to the manufacture of barrels, kegs, firkins, and 
other kinds of lighter cooper work little or no 
attention has been given, except in America. The 
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such as the manufacture of barrels, kegs, and firkins, 
= by Mr. J. Richards, and constructed by 

essrs. Allen Ransome and Company, Engineers, 
Chelsea, London. Some of these machines, to which 
we shall specially refer, we have lately had an op- 
portunity of inspecting in operation at Messrs. Ran- 
some and Co.’s works. It is also proposed in the 
course of the articles to offer some comments on this 
kind of manufacture and upon the various processes 
which have been tried in substituting machines 
for handwork in barrel making. 


The cooper machines to be described in the 
present articles have been designed with special 
reference to the manufacture of the lighter class of 
cooper ware from European timber, and constitute 
a kind of connecting link between the cask-making 
machinery of Europe and the barrel - making 
machinery of America, and they include some fea- 
tures which appear to us to render them worthy of 
special notice. 





CIRCULAR SAW FOR SAWING STAVE BLOCKS. 


reasons for this are obvious. In Europe, cooper 
vessels, until recent years, have not been employed 
to much extent for packing and transporting mer- 
chandise, except liquors as before mentioned ; but, 
in America, ‘‘ round packages,” as barrels are called, 
are employed for nearly every kind of merchandise, 
nails, tobacco, sugar, meats, flour, fruit, and so on, 
while of course everything of a liquid or plastic 
nature is packed in barrels and kegs. The abund- 
ance and cheapness of wood suitable for barrels and 
other wooden ware, has led also to the manufacture 
of various household vessels of wood which in 
Europe are made of metal or clay. 

The progress of improvement in cooper machinery 
has, therefore, taken the course which those circum- 
stances suggest. In Europe, cask making, and in 
America, barrel and keg making, have engrossed 
attention, and called out various inventions to 
cheapen and facilitate the manufacture. The 
machines employed in America for the lighter 
class of cooper work, although in every way 
adapted ta the purpose there, do not suit so well in 
Europe, where a different kind of wood has to be 
dealt with. For what is called “ tight” barrels, those 
to hold liquids, riven or split staves are mainly used 
in America; while for ‘ slack” barrels, to contain 
dry substances, the staves are generally cut by 
means of slicing knives. Neither of these processes 
are suitable in Europe; there is but little timber 
free of knots and straight enough to be riven. The 
fir timber employed for the cheaper kinds of barrels 
does not cut well with slicing machines, and besides, 
is not clear of knots, which break the cutters and 
are apt to come loose and fall out when the staves 
are dried. 

In the present and some succeeding articles we 
propose to illustrate and describe a system of 





machines for the lighter kinds of cooper work, 








The machines we shall illustrate are the smallest of 
two sets, and are intended for barrels 10 in. to 20 in. 
long and from 7 in. to 12in. in diameter. The 
larger machines are similar in nearly all respects, 
except having larger proportions, and are adapted 
for vessels to 30 in. long and 20 in. in diameter. Some 
of the machines illustrated are modifications in- 
tended for special kinds of work, a “set” usually 
comprising but four compound machines besides the 
saws for preparing lumber. 

Before entering upon a description of the machines, 
we will call attention to a feature of some importance 
which Mr. Richards has carried out in his designs, 
that of a uniform frame to support the various 
working parts, so arranged as to permit interchange 
or combination at pleasure. Thus in the case of the 
set of machines which we recently examined at 
Messrs. Ransome’s but four frames were used, three 
of these frames carrying each two machines, How 
far such a system may be important in the case of 
machinery for other purposes we are not now pre- 
pared to say, but in the case of cooper machines, 
where it is seldom that two orders are given for sets 
of machines just alike, this feature of interchangeable 
and uniform frames must do much to simplify and 
cheapen the cost of construction ; some farther men- 
tion of this will be made at a future place. 


Sawine Stave BLocks. 

Fig. 1 is a side view, and Fig. 2 a plan, of 
timber saw employed for splitting round timber 
into stave blocks, and, when required, is also in- 
tended for sawing boards from which ends or heads 
can be cut. This machine is for rapid sawing, the 
timber being fed by hand and kept up to the saw 
as fast as the power will permit. Beneath the log a 
is placed what is called a running board, a kind of 
carriage, consisting merely of a plank or board 
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MACHINERY FOR MAKING BARRELS. 
CONSTRUCTED BY MESSRS. ALLEN RANSOME AND CO., ENGINEERS, CHELSEA, FROM THE DESIGNS OF MR. JOHN RICHARDS. 
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CIRCULAR SAW FOR CROSS CUTTING STAVE BLOCKS AND SLITTING MACHINE FOR FLAT STAVES, 









































BAND SAWING MACHINE FOR STAVES. 


divided into two parts, as seen in the plan, Fig, 2. 
This board moves on a series of loose rollers, i i, to 
avoid friction, and thus enable the lumber to be 
moved without resistance other than that of the 
saw. The lumber is directed by an adjustable 
gauge of the common kind, seen at ¢ in the plan, 
and the machine in many respects is the same as a 
common saw bench ; in operating, however, there is 
quite a difference, an attendant is relieved from the 
labour of sliding the material forward and back on 
a fixed surface, and the speed of sawing is not, as 
in the case of power feeding, limited to what the 








most unfavourable circumstances will admit; one 
man has, in ten hours, sawn more than 800 cubic 
feet of round timber into flitches, 2in, to 24 in. 
thick, on a machine of this kind. 


Cross-cuttinc STAVE BLOcKs. 

The lumber sawn on the machine just described 
is generally long enough to make two or more staves. 
The next operation, cross-cutting to length, is per- 
formed on the machine shown at e, Figs. 3 and 4, 
which are end and top views of a cross-cutting ma- 
chine, and also a slitting machine c for flat staves, 





both machines being mounted on the frame a, and 
all attachments being made by means of bolts fitting 
into the angular slots at o 0, Fi . 8. This mode of 
attachment for the various details, it may be noticed, 
will, with few exceptions, be followed throughout 
all the machines yet to be described. These grooves 
not only receive the holding bolts to clamp the 
details to the frames, but also serve to adjust the 
parts and keep them in position by means of shallow 
ribs fitting into the grooves as shown at oo. 

The cross-cutting saw at eis of the most simple 
form, The main table is hinged so as to be lifted 
up on removing saws, or to adjust the bearings of 
the spindle. A sliding gauge nis guided by a groove 
in the fixed table s, and serves to mark the lengths 
to be cut and to keep the lumber square. 

We will take this occasion to call attention to the 
extreme simplicity of the several machines which 
seems to have been one of the principal aims of the 
designer. Complication has, indeed, been one of the 
principal difficulties to contend with in cooper ma- 
chines, and it seems scarcely possible in the present 
case that the various operations of barrel manu- 
facture should be compassed with so little detail. 

When the stave blocks are cut to length, the mode 
of slitting them into staves depends upon the kind 
of vessels to be manufactured, that is, the staves 
can be sawed flat like Jaths, to produce a vessel of 
polygonal form, or can be cut with a curved section 
to suit the diameter of the vessels to be made, not 

recisely of course, because of the difference in 
Sameter between the bilge and head, but approxi- 
mately so; the curve being taken usually from a 
point half way from the middle to the end, 

Sawine Fiat STAvEs. 

For the cheaper kinds of barrels, such as are to 
contain dry or plastic substances, the staves are 
commonly sawn flat, and in that case the blocks 
cross-cut.on the saw e are next slit into staves by 
the saw atc. This saw is made very thin to avoid 
loss by the kerf, and in order to secure its running 
true may be fitted with the top guides shown. 








This guide consists of two bars of hard wood 
which Gone slightly on each side of the saw plate, 
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and besides ee aT deviation of the saw, 

serve also to keep it lubricated by means of fibrous 
ing placed in recesses formed in the wood bars 

at each side. ; 

In constructing vessels with flat staves, the next 

rocess would be jointing and bevelling the edges, 

ut before describing the machines for this purpose, 
that for sawing curved staves will be explained, 
It may be mentioned that the several processes after 
the staves are sawn out ready for jointing, are quite 
the same, and require no alteration of the machines, 
or at least none worth mentioning, whether the 
staves be curved or flat. 

Banp Sawinc Macuine For STAVES. 

The machine shown in Figs. 5, 6, and the detail 
Fig. 7, is an application of the band saw to stave 
cutting. The advantages of this mode of sawing 
are the slight kerf waste, the readiness with which 
the machine can be applied to the various sizes or 
curves, and the smoothness of the surfaces caused 
by the saws cutting parallel with the grain of the 
wood, Neither this machine, however, nor the 
cylinder saw next described, were included in the 

lant which we lately examined at Messrs. A. 

Ransome and Co.’s factory, that plant being adapted 
for using flat staves. 

Referring to the engravings, the mode of cutting 
is best explained by Fig. 7 ; ¢ is a stave block sawed 
toa parallel thickness corresponding to the width 
of the staves, which, for small ve , is from one- 
fifth to a seventh their diameter; m is a pivoted 
swing carriage operated by the handle s; the wood 
e slips down through this carrier m, and rests on the 
concave seatc. By raising the handle s the wood 
is swung into contact with the saw at a and a stave 
cut off. By depressing the handle s the wood again 
falls enough to permit another stave to be cut; the 
thickness, if changed, is regulated by the wood 
packing between the bracket and main frame. The 

eneral construction of the machine is shown in 
‘igs. 5 and 6, and requires no special explanation. 
os carriages of different length of radius are pro- 
vided, so that they can be exchanged in sawing 
staves for vessels of different size, the alteration re- 
uiring but a few minutes, and being confined to this 
etail of the machine. 

On the opposite side of the machine at d, Fig. 6, 
is shown a circular saw for sawing flat staves, the 
same machine described in Figs. 3 and 4. This 
combination is made so that flat or curved staves 
may be sawn on the same machine, but any other 
machine, one for jointing staves for example, can be 
substituted without change in the main frame, 

(To be continued). 








MACHINE TOOLS AT THE PHILA- 
DELPHIA EXHIBITION.—No. II. 

In the present article it is proposed to set forth, 
in aa brief a space as possible, some of the causes 
which produce those characteristics of American en- 

ineering practice which we pointed out in our 

t number. It might be said that in cases 
like the present, when facts and results are arrived 
at, there is nothing gained by searching after the 
causes which have produced them ; but such a view 
is wrong if any permanent good is to result from an 
exhibition. If there is anything to be either imitated 
or avoided, no assistance can be greater than to 
understand the conditions which have produced 
what is shown. 

What is correct or even indispensable in one 
country may be wrong and inapplicable in another, 
owing to the differences of material, climate, labour, 
wants, and so on, and the conditions of the country 
should, as before pointed out, form an element of 
considerable weight in either estimating or adopt- 
ing machines or processes shown at Philadelphia, 

he first thing to be noticed is the insular posi- 
tion of America. It is cut off, as it were, from the 
rest of the world where similar industries and pur. 
suits exist. ‘The amount of travel which 
between Europe and America does something to 
acquaint engineers and manufacturers with the im- 
provements and changes made in each country. 
he scientific press does more. But these means of 
information reach only the travelling and reading 
classes, and leave, as we very well know, erroneous 
opinions = about many things. Nothing ac- 
quaints the peop e of one country with the industry 
of another like an exchange of products, tools, and 
machines, There is, in fact, no other way of rapidly 
and eta, rere new improvements into 
a country. e American estimate of European 


founds North with South Europe, and is, moreover, 
in many cases upon wrong premises, It is no 
uncommon thing to meet those in America who ima- 
ine certain manufactures to have been founded and 
in their own country, which, on the contrary, 
fod bon long and well practised in Europe pre- 
vious to the time of their introduction in America. 
These things are alluded to here to show the results 
of an isolation from the records and examples of 
Europe. There are not more than six places, we 
believe, in America where copies of British or other 
foriegn patents can be examined, and the Govern- 
ment, instead of promoting inquiry into the in- 
dustries of other countries, seems intent on shutting 
out such information. 

A duty almost proscriptive is fixed on machinery 
imported into the country. Even the exhibited 
machines sent to Philadelphia from foreign countries 
cannot be sold except by payment of a duty by the 
purchaser. An American manufacturer or engineer 
who wants to purchase an example machine to be 
tested with his own or as a model from which im- 
provements can be gathered, must first pay the 
value of the machine and then twenty-five per 
cent. additional to his Government for the privi- 
lege of buying that which is to promote home in- 
dustry. If the expense of constructing machine 
tools was greater in America, there might be 
some reason for such a tax, but the fact is 
that many kinds of machine tools are cheaper in 
America than in Europe, if estimated by their 
capacity, and we venture to say that there will be 
few foreign machines exhibited at Philadelphia 
which cannot be made in America at the prices 
obtained in Europe, and this notwithstanding the 
enhanced price of labour, material, and other 
elements of machine-making, caused mainly by the 
tariff. 

These circumstances should not be lost sight of 
in accounting for much that is peculiar in American 

ractice, or, as we shouldsay, much that is wanting 
in that practice, because if in America, as in most 
European countries, examples could be imported 
free of tax, there is every reason to believe that 
still ter progress would have been made in 
many kinds of manufacture. 

Another, and perhaps the principal cause which 
operates to produce so much originality as is seen in 
American tools and machines, is what may be called 
individuality, the propensity of acting for oneself 
instead of in combination with or in deference to 
precedents. This faculty of mind which pervades 

classes, and more or less affects every branch of 
manufacturingindustry, is nearly the opposite of that 
spirit which in Europe has fostered trades-unionism. 
Individualism exists of course in all countries in a 
greater or less degree ; without it the standard of 
workmanship would be lost, and self-respect de- 
stroyed, but nowhere else have the circumstances of 
a country produced and maintained independent 
action so much as in America, and nowhere else have 
the results been so marked. The principal causes 
of this self-reliance have been in the circumstances 
attending the settlement of the country, an isolation 
from ss before mentioned, while perhaps 
something is due to the form of government. With 
the causes, however, we have nothing to do here, 
farther than to trace particular results in engineer- 
ing practice. 

Causes which produce change must, at the same 
time, render change easy and possible ; a corollary 
is that facility of change leads to instability. 

The individualism which in America leads to 
incessant innovation therefore produces instability 
in the machines and processes of manufacture, This 
is a matter to be well considered in examining and 
forming opinions of American practice ; it is an ele- 
ment which determines in no small degree the designs 
and workmanship of machines and tools ; their life 
is short until superseded by improvements, and it 
would be thought folly to waste material and labour 
in securing a little extra advantage in the operation 
of a machine which it is expected must soon make 
way foranother. This is of course a rule with many 
exceptions, nevertheless one which directly or in- 
directly has greatly influenced the quality of ma- 
terial, workmanship, and durability of mnebines, In 
some branches of manufacture the nature and 
quality of material has had considerable influence in 
modifying implements and processes. In the manu- 
facture of wood, for example, the material worked 
has, by reason of dimensions and quality, and 
various exceptional uses to which it has been ap- 





industry is especially wrong, as it generally con- 





plied, produced tools and machines scarcely known 
im Europe. ‘“ Bent work,” a branch of considerable 





extent and uiring many special machines, is 
enabled to exist on! by the long straight-grained and 
tough timber found in America. Planing machines 
for wood require to be nearly twice as large, or to 
work double as much surface asin Europe, and fixed 
cutters are not employed. "Wooden vessels are em- 
ployed for many pr where metallic ones are 
used in Europe. e city of Chicago alone there 
were consumed during 1875 nearly two-and a half 
millions of barrels, kegs, firkins, &c., for packing 
merchandise. 

The nature of the market for which machines 
and tools are furnished is an influence which must 
also be taken into account in forming opinions of 
American practice. Nearly all machines and tools 
are sold within the country instead of being exported 
as in the case of English makers for example. The 
terms of sale are very different for this reason. If 
a machine is ordered in America by a responsible 
firm it is sent by the manufacturer, and a guarantee 
of successful performance is always understood as a 
condition in furnishing machines, A manufacturer 
may demand and receive payment previous to send- 
ing machines, but this in no way relieves him from 
the responsibility of a guaranteed performance, and 
if a machine proves imperfect it must be taken back 
and the money refunded. Public opinion and the 
good name of an establishment demand this. One 
maker ‘of machines, near Philadelphia, who has 
been long in business, gives his customers the choice 
of returning any machine not proving satisfactory 
after a trial of thirty days. 

To those in Europe who regard America as the 
land of bad faith and trickery, such things as these 
may seem strange, and it may be wondered how 
there can be standards fixed for determining when 
machinery is efficient and when it is not. A few 
words will explain this. First, buyers do not so often 
depend on those who furnish machines and tools, as 
in Europe, for opinions as to what is required for a 
certain work. Every one engaged in a business as- 
sumes to know, and generally does know, what is 
mens in the way of machines and tools, and 
orders them accordingly. Second, by reason of in- 
tercourse between manufacturers and workmen, the 
great amount of travel and other causes, nearly all 
the processes in the more extensive branches of work 
are generally understood. This is especially true 
of iron and wood manufactures. Any intelligent 
workman is expected to know what the ormance 
of a standard machine should be, and the closer 
bond between employer and employed enables pro- 
prietors to avail themselves of the aggregated 
amount of knowledge represented in their works. 

The market for machines and tools is, therefore, 
a very uliar one in America, and orders are 
— and executed with a greater amount of good 

ith and fairness than it would be possible to main- 
tain in a trade consisting mostly of export. 

Competition is another among the causes which 
give characteristics to American practice, and while 
such rivalry should be taken into account in criticis- 
ing machines, tools, and products there is but little 
to defend the aspect-under which it appears in 
America. Legitimate competition, efforts to pro- 
duce better work or even to diminish prices without 
lowering quality is, as the old saying teaches, “ the 
life of trade,” but a shameful copying of everything 
which reaches a successful sale, and often without 
the least change, is a kind of competition, if such it 
may be called, which is reprehensible in the highest 
degree. This kind of copying has in America been 
carried to an extent for which there is no parallel 
in Europe. The only protection in producing im- 

rovements is in procuring patents, and this affords 
but little safety from imitations. Damages for the 
infringement of patents are limited to the proved 
benefit which has accrued to the infringer by reason 
of his using a patented improvement. Suits at law 
are tedious, expensive, and as in all countries un- 
certain, because of the difficulty of explaining 
technical matters to courts. One evil resulting 
from the patent system in America, and perhaps 
applicable to some extent in all countries having 
patent laws, is that an impression exists that what- 
ever is not aS is public property and at the 
mercy of all who choose toappropriateit. This isa 
state of feeling hardly agreeing with the argument 
that invention is a thing of natural right and like 
other kinds of property. 3 

The most serious and damaging form under which 
this imitating practice appears in America, is in 
attempts to cheapen machinery and tools by employ- 
ing inferior material, and omitting work which is 
necessary to insure durability and good performance, 
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while the articles produced are represented as the 
same with those of better quality. This it may 
seem does not accord with the critical nature of the 
market just pointed out, but the pressure felt from 
a want of capital and the struggle to make small 
means reach as far as possible, does much to sup- 
port a market for what may be called ‘‘ sham” pro- 
ducts. It is not for a moment contended that 
deceptions as to the quality of what is produced are 
more common in America than elsewhere, but there 
is more effort given to supplant excellence with 
saving. The price of a machine or tool is a matter 
of twice the importance in America that it is in 
Europe, The means of purchase are limited and 
interest on investments is also much higher, so that 
everything favours competition in price which 
generally is the same thing as competition in quality. 
With all this, however, there is maintained in many 
branches of manufacture that will be hereafter 
noticed, an excellence which has caused astonish- 
ment in all countries. Such articles are generally 
those where the quality is apparent and subject to 
constant tests—hand implements for example. 

The influence of manners and social customs upon 
the engineering interest in America is considerable, 
not only in determining the cost of producing, but 
also the quality of what is produced. One or two 
things may be noticed without going far into the 
economical part of the subject, which is not intended 
here. The individualism before alluded to, and its 
effect upon the relations between employer and 
employed, is beyond doubt the main reason why the 
Americans can compete in prices while paying high 
wages for short hours, A day’s work and the wages 
received for it are in America considerations ex- 
changed between man and man, rather than between 
master and servant; to give a short day’s work 
would in a sense bring the same ignominy to a 
workman that to pay in bad money would to an 
employer. The distinctions of social life which 
must exist in all countries, are not in America carried 
into the workshop and counting-room, For an 
employer to give his workmen a holiday, or in any 
other way pay them for hours not worked would be 
resented with scorn. There is but one incentive 
which will produce good and efficient work, and 
that is an idea of equitable exchange, and the sense 
of self-respect in workmen. These things are taken 
advantage of in America, and the result is that 
labour there paid at one shilling an hour, produces 
cheaper work than labour of the same kind at three- 

nce an hour can do in several countries in Europe. 

ree thousand miles of expensive transport does 
not hinder American engineers from successfully 
competing with Swedish firms who have copied their 
mealinds: The difference in the quality of labour 
cannot of course account for all this, attendant 
conditions must be taken into account, such as the 
improved processes which the American system 
encourages and the European system repels. Lost 
time from holidays, dissipation, and many other 
things, go to make up the difference. 

The vast extent of the country, diversity of 
climate, products, and wants, the intermingling of 
many nationalities, a vast system of inland naviga- 
tion, the constant emigration from east to west 
which is going on, with many more things which 
could be named, all tend to give a peculiar stamp to 
mechanical industry, just as they do to manners 
and customs. There remains, however, one thing 
to be noticed, which is the scarcity and rental 
value of capital, briefly alluded to in a former 
place. The amount of capital in America is in the 
aggregate large, but spread out over the vast country, 
and estimated in proportion to the uses and wants 
which exist, there is a great scarcity. This consider- 
ation is unquestionably one which more than all 
others gives a peculiar stamp and character to 
American practice. 

To trace the ultimate effects resulting from high 
rates of interest on capital in America, would be a 
matter of some difficulty, and is not to be attempted 
here. One or two only of the most prominent will 
be noticed. 


A paucity of capital generally tends to concentra- | and 


tion. We are apt to say that where wealth is 
plenty, vast works are posssible, and will be built, 

ut on the contrary, as facts in America prove, 
monopoly by concentration is more apt to be a 
result of a scarcity of capital. No one person being 
able to found a large business, many join together, 
and the result is not only a concentration of capital, 
but a concentration of skill, judgment, and that 
power due to organisation; hence in America 
where capital is scarce, we see the largest works 





and monopolies, some of which are oppressi gin the 
highest degree. One only need’ be mentioned,. the 
manufacture of sewing machines. The ‘‘ co ies” 
sell their machines in London for 4 little more than 
half their price in New York; hence for'thé credit 
of having developed the sewing machine Americans 
have to pay about twice their value for all machines 
urchased at home, The product is forced into 
urope by skilled production, assisted by a tax on 
American buyers, The patents on which this.com- 
bination and others like it are founded, have in 
many cases no force unless supported by influence 
and capital, are merely dumb figures set up to 
give'an ostensible air of justification when smaller 
enterprises are crushed out by legal processes. 
This tendency to concentration and monopoly is no 
doubt an indirect result of the scarcity of capital 
and high rate of interest. The effect has been to im- 
prove certain branches of manufacture, but whether 
a similar progress would not have been made if there 
had been no combinations, and whether the public 
are finally to enjoy the advantages due to such im- 
provements, are problems not easy to answer. 

A theory of political economy is that profits are 
or should be as the interest on capital, but this rule 
does not apply to circumstances at this time exist- 
ing in America. The profit realised from the manu- 
facture of machines and tools is less than in Europe, 
that is, the price at which the products are sold is 
less different from the cost of producing. The plans 
for thrusting middlemen in between the producers 
and the consumers are not so perfect. The com- 
missions exacted by mercantile processes are, per- 
haps, not one half as much in America as in Europe, 
so that comparing products by their final- price 
to the consumer may not be a fair way of deter- 
mining a manufacturer’s profit ; but there are other 
means of ascertaining the profits resulting from ca- 
pital invested in engineering business, such as the 
growth and success of ventures, and popular opi- 
nion, either of which are more reliable than deduc- 
tions from general statistics, 

The disposition to venture on new enterprises is 
in America due to the rapid increase of demand 
rather than the realisation of large profits, Every 
one wants to do business for themselves, and feels 
that whatever is produced must be absorbed some- 
how, hence money is borrowed at high rates of in- 
terest because of the risk, the amount is as small 
as possible because of this high interest, and the 
result is a demand for cheap machines and tools. 
The fluctuating market produced by the rapid deve- 
lopment of a new country is one of the most difficult 
to supply, and everything considered, there is one 
conclusion to which every circumstance in America 
points, namely, that there has been an extraordinary 
adaptation of means to ends, and to estimate what 
fon inoons done in the engineering arts in America, 
we should not be too hasty in applying the standards 
of older and different countries. 


Tue First Rartway in Curna.—Mr. John Diton’s 
Chinese railway en ise seems to have before it a fair 
prospect of success. difficulties have, we believe, been 
removed by orders from Pekin that no obstruction is to be 
asta to the fair trial of the English railway, a result dopbt- 
ess due to the influence of Prince Li Hung Chang, one of 





the most enlightened and energetic men am the high 
governing class of China. The North China yr thasteoe 
says, The works of the Woosung Railway, as toad 


approaches completion, have fairly aroused the curiosity of 
Chinese of all " ing the past week, but especially 
since Sunday, they have each day flocked literally in 
thousands, not only from the settlements and native city, 
but also from the villages and districts for miles around, 
along its whole length. The streams of visitors are in- 
cessant from morning till night, and hundreds of jinrikshas, 
wheelbarrows, and other vehicles, all occupied, throng the 
route to and fro. Yesterday afternoon ( h 29), for in- 
stance, the road was almost impassable, so great was the 
crush. The visitors comprised men, women, and children 
(the latter in large numbers), and all seemed anxious to see 
and understand what the foreigners weredoing. The great 
centre of attraction was the little ‘Pioneer,’ now 

in running trucks of pebble ballast for the purpose of 

in the interspaces of the foaee ; and wherever the engine 
= epee h aren ay Feompenconn| 

who gazed at it with wonder, those examining every 
part of its visible machinery with attention, and talking 


be believed one of the excitement 


evinced by the coun’ people, especially during the early 
days of railway construction in d. Preparatory to | grain 
starting on its brief journeys, the ‘ Pi s’ whistle was 


of course sounded, and it was am to witness the crowd 


hurrying off in all directions, amid shouts of laughter and | is, 
other to! pe ot eee ee , to tiake | that the 


way for it. It may that such a-sight 


bl, 

has never been witnessed in China before; and it 

clear that, so far as the people are concerned, there 
be no obstacle in the general adoption of this mode 

of transit throughout the empire.” 


ly surrounded by dense crowds, | i 


ting with an earnestness that must be seen to | i 





GALLOWAY BOILERS. 

Ws illustrate on page 456 the three boilers sent out to 
Philadelphia Messrs. Galloway and Sons, at special 
request, to the Boiler Department of the Exhibition. They 
are of the type well known as the ‘‘Galloway” boiler, and 
include some improvements in construction which have 
recently been introduced by their makers. Each of these 
boilers is 28 ft. long by 7 ft. in diameter, and is suitable 
for an ordinary working pressure of 80 1b. to 901b. to the 
square inch; the shell being made of best annealed steel 
plates #in. thick. It will be seen that in the cylindrical 
shell is placed an internal flue, ms easy of two furnaces 
at the front end uniting into one back flue of an irregular 
oval form, this back flue containing thirty-three Galloway 
tubes. Baffle plates or swinging doors are also placed at 
the sides of this flue, to drive the heated gases against the 
tubes instead of allowing them to escape along the sides to 
the chimney. 

This back flue constitutes the chief feature in the Gallo- 
way boiler, and those who are acquainted with it will 
notice that an important improvement is introduced in the 
boilers exhibited, viz., making the flué concave at the 
bottom instead of convex as heretofore. This gives con. 
siderably more space underneath the flue and enables the 
attendant to thoroughly cleanse the boiler and examiné it 
in its lower part. This arrangement could not have been 
carried out satisfactorily 80 long as the tubes were placéd 
vertically, as too great a space would have been left be- 
tween the tubes at their lower ends to make that part of 
the flue sufficiently strong, unless very thick plates (which 
are always objectionable) were used in the construction ; 
but by placing the tubes in a direction converging towards 
the same centre, as shown, from which both the bottom and 
top of the flue are struck out, as shown in Fig. 4, the 
necessary strength is obtained whilst using the ordinary 
thickness of plates, as the tubes are nearer together at the 
bottom than at the top. This form of flue enables all the 
Galloway tubes to be made of precisely similar size and 
shape in the flanges, so that all the tubes in the boiler are 
interchangeable; this is an important consideration in the 
construction of any mechanical appliance now-a-days. Each 
of these boilers is capable of supplying sufficient steam to 
drive an economical condensing engine indicating 800 horse 


power, 

Messrs, Galloway have been making this form of boiler 
now for nearly 25 years, and with their present capabilities 
can turn out at least ten boilers per week; they have re- 
cently erected new and extensive works solely for the 
manufacture of this special form of boiler, special tools 
being put down at both their establishments, so as to insure 
better workmanship and greater uniformity in its construo- 
tion. 

Along with the boilers three of the cone tubes are ex. 
hibited ; some thousands of these are now supplied annually 
by Messrs. Galloway, for insertion into ordinary Lanca- 
shire or Cornish boilers, as they greatly strengthen the 
flue and promote the circulation of waver, thus preventing 
uneq ual expansion and contraction. 





Gas in New Zeauanp.—Invercargill, a rising New Zea- 
land town, has been lit with gas. - 





Wiuiramson’s Horstine Enoines.—In the 
Court, for the State of Massach: 
Morrison BR. Waite, Chief Justice of 


of the United States, an in 
ing William Fall River, sees. teas 


straining ? 

facturing er me gg | aoe of Messrs. Williamson 
hiladelp » Fenns, vania, under a penalty 

of ten thousand dollars. " ‘ 


manu. 


This com 
the repo’ 
some 


ie 
1874, 
Aylesbury and other 
Reports were given of numerous recent trials of the guano, 
which were fa i 

pre pe | to “ , Sag 8 

general prospects company w 
many unfortunate failures. 


Narrow Gaucn RaItwayrs In InmLanp.—We under- 
stand that a line of railway of 3-ft. gauge from 
to the Port of Larne bes ee been Its 
will be about 22 miles. 
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generally is also not suitable for the production of edible 
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STEEL BOILERS AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY MESSRS. W. AND J. GALLOWAY AND SONS, ENGINE ERS, MANCHESTER. 


[ (For Description, see Page 455.) 
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WATER WORKS, ANCIENT AND 
MODERN.* 
By E. H. p’Aviepor. 
(Continued from page 404.) 

WE now come to their mode of construction, and 
I will describe the different modes of work in a few 
words with the assistance of the sketches (Figs. 2 to 
10), calling your attention to the principles on which 
they are based, namely, the Roman e of thumb, 
and the extreme division of labour. The Romans 
knew how to get over difficulties better than any 
other nation in the world. They managed to build 
under any circumstances whatever. If no stone was 
to be had, they used bricks ; if the bricks were bad, 
they constructed of concrete; and the different 

ilds were so wonderfully clever in carrying out 
their respective work, that they were able to erect 
buildings of materials which no engineer of our day 
would pass. And although, of course, we have 
made immense strides in plan and design, our finest 
buildings are still far behind those of the Romans in 
nicety of detail. 

It is a popular error to suppose that the Romans 
worked with ashlar only. Bn the contrary, they 
employed it only when it was more advantageous 
as compared with other materials, where great 
durability was required, or where the beauty of the 
building had to be considered. For instance, we 
find hewn stone in the constructions nearest Rome, 
in bridges of large span, in ope where good 
quarries were at hand, and, finally, where cheapness 
of carriage, and the lightness of the stone itself did 
not increase the price of ashlar far beyond what 
other materials would have cost. 






































Roman masonry is especially remarkable for the 
accurate cutting and dressing of each separate stone. 
In ashlar, mortar was not generally used, because 
the joints fitted so closely that there was positively 
no room for it between them. Observe the opus 
revinctum, or keyed masonry (Fig. 4), in which 
each stone fitted into the other so accurately, that 
not a stone could be moved without destroying 
the wall. Mr., now Sir John, Hawkshaw applied 
a somewhat similar bond to the head of the Holy- 
head Breakwater, which is exposed to the furious 
gales of St. George’s Channel. It must be ad- 
mitted, however, that the Romans themselves only 
used this construction in very exceptional cases. 
They were generally content with laying fine large 
stones in horizontal courses, paying particular atten- 
tion to the joints, and occasionally, ata later period, 
they secured the stones to each other by brass or 
iron dowels (see Fig. 3). 

Their rubble work was executed in several different 
ways, as shown in thesketches (Figs. 5 to 10.) The Ro- 


* A course of papers delivered at the Austrian Institution 
of Engineers and Architects, December, 1875, and January, 
1876, These papers now appear in print for the first time. 








mans were very fond of using ashlar for the quoins and 
faces, and were icularly given to opus recticulatum, 
or network, which consisted of ch square stones 
hewn on the face, set on edge, and having a rough 
tail (Figs. 5 and 6). These stones were enclosed 
by a frame of horizontally coursed ashlar or 
bricks, and the filling in consisted of small stones 
laid in —_ mortar beds. This ern presented 
an extremely graceful appearance, but no t 
cohesion, asthe face ps had no satisfactory bed 
and only a middling bond; it had therefore to be 
constructed of very large dimensions. Their ordi- 
nary rubble-work (opus incertum) was very similar 
(see Fig. 7) to ours, but they used much larger 
quantities of mortar in the backing than would be 
admitted now-a-days. 





The Roman brick buildings are more interesting. 
Their bricks were in fact files from 6in. to 12 in. 
square, and lin. to Qin, thick. They hardly ever 
used the same sized bricks throughout a building; 
for they placed square bricks (or tiles) at the quoins, 
and trian ones in the faces, and the joints were 
so carefully broken that no example has yet been 
found where-one joint is over another, After each 
course the backing was filled up with mortar, and, as 
M. Choisy has proved by his recent investigations, 
small stones were laid in this mortar bed by hand, or 
aa sometimes set with a hammer, but in house- 

uilding or in the construction of free walls, they 
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were never rammed. In retaining walls, on the 
contrary, quantities of small rough stones were 
thrown into the mortar bed behind the face and then 
rammed down ; during this process the face was kept 
vertical by wooden struts, and after it the next course 
of bricks was laid, and the process recommenced. 

It is certainly wonderful that these buildings lasted 
so long, for the materials and the mode of using them 
would now both be equally condemned. And I 
repeat, it is only owing to the perfect work per- 
formed by each separate man, and to the enormous 
thickness of the brickwork, that an aqueduct con- 
structed in this manner could have lasted 2000 years. 

The reason of certain peculiarities in the con- 
struction of the Roman arches has long been a 


a 








mystery, and these peculiarities can only be ex- 
plained by the very great scarcity of timber in Rome 
even in very early times, owing to the wasteful 
destruction of the Italian forests. The Romans, 
therefore, were constantly trying to save timber, 
and they did so by economising their centering and 
building in several peculiar ways. In the case of 
large arches of ashlar masonry the first three or four 
voussoirs were laid on each pier or abutment with. 
out any centering at all. Assoon as the inclination 
of the joints attained an angle of 18deg. or 20 deg., 
a couple of large voussoirs were laid on each side 
having considerable projections or tails inside the 
intrados. The centering was then placed on these 
projections, and the builders were thus able to save 
a very considerable length of tie beam, and nearly 
half the length of the struts, and could therefore 
ly reduce all the scantlings of the timber 
(see Fig. 11). ‘This scarcity of timber explains 
pt insicn Ne 
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another mode of construction, in which the arch 
was executed in a succession of narrow bands 
parallel to the centre line of the road or aqueduct it 
carried. These bands or narrow arches were carried 
up one after another on the same centering, and the 
space between them was covered over with slabs or 
tiles (see Fig. 13), A third method was the 
following: ‘The centering of very light scantling 
having been set up, it was completely covered od a 
mortar bed in which they laid one course of flat tiles. 
When this ceiling of tiles was well set, the arch 
itself was begun by several courses of tiles used as 
voussoirs, and therefore set on edge on the former 
course. When the angle formed by these courses 
began to differ considerably from the radius of the 
circle, a block of concrete was run in with radiating 
faces, and then tiles in as before, the circle 
being finally keyed by a block of concrete (see 
Fig. 12). Of course arches constructed in this 
manner had to be very heavy, otherwise the con- 
crete would have offered insufficient resistance, and 
had they not used the layer of flat tiles, a very 
strong centering would have been required, But 
this layer gave the light centering the mecessary 
support by relieving it of a great portion of the 
weight, and enabled the Romans to construct arches 
of large span with very poor materials and very 
light timber scantlings. ‘lhe intrados of the arches 
presented a very neat appearance with its smooth 
mortar bed. 

The above-mentioned use of bands in the con- 
struction of arches was largely applied to the cross 
vaulting of reservoirs, temples, cellars, &c., and it is 
a matter for reflection whites the Gotbic groins 
of a later period do not owe their origin to the 
Roman band arching, in which the spandrils and 
— were filled in with lighter material resting on 
them. 

In the case of very large (40 ft. to 80 ft.) a 
saving of timber was effected by executing the arch 
in a series of concentric rings, so that the innermost 
ring became the centering for the second one, which 
was only commenced when the former was perfectly 
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set (see Fig. 14). Although, therefore, these 
rings were not bonded together at all, but, on the 
contrary, executed successively at intervals of time, 
the aceuracy of the work and the dressing of the 
voussoirs are such that no cracks and no settlin 

whatever are to be discovered in them. Nor coul 

such a settling escape the eye, as the Romans 
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always built in arcs of circles. The thickness of the 
voussoirs was very considerable. Those of the 
Marcia Aqueduct, whose span is 4.72m. (about 
165 ft.), are 0.75 m. (about 2 ft. 6in.) thick. As com- 
with modern dimensions this is enormous. 
us the Liesing Aqueduct in the Vienna Water 
Works has brick arches of 13.27 m. (about 42 ft.) 
span, while their thickness is only 0.92 (3 ft.), 
and the 36 ft. span consists of five rings of half 
bricks, equal to 2} ft., therefore only the same 
thickness as a Roman arch of two-fifths the span. 

Although the above description is rather lengthy, 
it would still be incomplete if I did not mention 
the Roman mortar, which played so prominent a 
part in all their constructions of brick, rubble, and 
concrete, ‘I'he material now called Roman cement 
was, I need hardly say, quite unknown to the 
Romans, nor did they use natural hydraulic limes or 
artificial Portland cement. Their mortar was com- 

as follows: One part slaked _— lime ; 
one part brickdust (known in India as Toorkee, an 
used there for the same pu ) ; and two parts 
clean river sand. If quarry or pit sand was to be had 
(which they preferred) three of the latter were 
substituted. The care used in choosing and storing 
the sand, lime, and brickdust far exceeded the pre- 
cautions now taken even by the strictest resident 
engineer. They excavated immense pits, lined them 
with masonry, and erected a roof, or even a vault, 
over them. Here the sand, after being screened, 
was secured from the influence of the weather. 
The lime was specified to be slaked a year before 
using. It was spread out in large sheds, and the 
slaking was carried on by the influence of the air 
almost without any admixture of water. When 
very hydraulic mortar was required, the Romans sub- 
stituted Puzzolana for the brickdust. This was care- 
fully screened and kept dry; in short, the mortar- 
makers of ancient Rome, who never did anything all 
their lives but mix mortar, went through their work 
with such care and accuracy that we should now 
uire achemical laboratory to do as well. 
uzzolana, well known in England, renders 
mortars made with rich lime very hydraulic. The 
Santorin earth of the Adriatic coast and the Trass of 
the Rhbive are other volcanic products possessing 
similar qualities, but in a minor degree. In fact, 
Puzzolana has only recently been driven out of the 
field of English construction by the manufacture of 
artificial Portland cement. 

The inner lining of aqueducts, which had of course 
to be impermeable, was carried out in a similar way. 
The canal, drain, or reservoir was first covered with 
acoat of mortar made up in the proportions indi- 
cated above with coarse sand ; the second coat con- 
tained screened Puzzolana and fine sand; while the 
last was laid on with a fine liquid grout, the whole 
then being covered by a singular mixture of linseed 
oil, lime slaked in red wine, tar, and wax, This 
was well rubbed in till the whole surface became as 
smooth as marble, It does not appear that the 
Romans supposed that this curious corapound would 
produce a permanently hydraulic surface ; all they 
wanted was to give their last coat of mortar time 
to set before the water got at it. Pliny adds pounded 
figs to the above prescription, and it appears from 
him and Frontinus that working and polishing the 
inner face was a job requiring great attention and 
some considerable time. 

The concrete, which I have mentioned several 
times, and of which, in fact, many lengths of Roman 
aqueducts were entirely constructed, was made as 
follows: First a mortar bed was laid, the mortar 
itself being composed ac -ordiug to the circumstances 
as described above. Then the broken stone was 


either thrown in—as in the case of retaining walls 


—or placed by hand for arches, housebuilding, &c. 
But it does not appear that in any case the concrete 
was ly made upon a platform, and each stone 
covered with a cementing material, by the process 
of turning over and mixing, as is now the case with 
us; the mortar bed was invariably laid inéo the work 
first, and the stone thrown or placed in it after- 
wards. Thus the quantity of mortar in proportion 
to stone used was greater than in modern works. 

In the above description I have purposely omitted 
many interesting details of the Roman art of build- 
ing, and have confined myself to a general view of 
their modes of construction as applied in aqueducts, 
reservoirs, and cisterns. I will next proceed toa 
brief review of the works themselves, which will, 
however, occupy so much less space, as I have 
already sufficiently indicated the materials employed 
in them. 

(To be continued.) 





THE CREWE DEMONSTRATION. 

Last Wednesday week was a memorable day in Crewe, 
the whole town being en /éte in honour of the completion 
of the 2000th locomotive at the Crewe Works. The cir- 
cumstance that every one of the 2000 engines had been 
completed under the supervision of Mr. George Dingley, 
the foreman at Crewe, led the directors to recognise the 
fact by making a present to Mr. Dingley, and giving a 
holiday and a day’s pay to all the workmen in the Crewe 
Works, and a sum of money towards a banquet. The em- 
ployés improved the occasion by forming a committee of 
men from the various departments, and ultimately ar- 
ranging for a grand demonstration, which was successfully 
carried out on Her Majesty’s birthday, the 24th ult The 
inhabitants of the town responded to the sentiments of the 
workmen by gaily decorating their houses and keeping 
high holiday. The proceedings commenced by a procession 
composed of the 6000 men employed at Crewe, who, pro- 
perly marshalled ani accompanied by volunteer bands, 
marched round the town to the appointed rendezvous in 
the old works just inside the Forge-street entrance. Within 
the open space near the clock a temporary platform had 
been erected, upon which the officials of the London and 
North-Western Company were to assemble, and where an 
address was to be presented to Mr. Moon, chairman of 
the directors of the company. Near the platform were 
arranged examples of the various cla of | tives 
built at Crewe and working the different kinds of traffic on 
the North-Western system. Amongst these were No. 173, 
an express engine ; the “ Cornwall,” which was constructed 
by Mr. Trevithick at Crewe in 1847, with 8 ft. 6 in. driving 
wheels and 18in. cylinders; the “Precedent,” constructed by 
Mr. F. W. Webb in 1875, with 6 ft. 6 in, drivers and 17 in. 
cylinders, and of the class employed between between Lon- 
don and Liverpool, also for express traffic; the ‘‘ Precursor,” 
with 5 ft. 6 in. drivers, used for mail and express traffic in 
the Lancaster and Carlisle district ; one of Mr. Ramsbot- 
tom’s express engines, with 7 ft. 6 in. drivers, besides repre- 
sentatives of the goods and mineral class. There were 
also tank engines of various kinds employed in the North- 
Western service. 

Prominent and chief among these latter, of course, was 
the engine No. 2900, which we purpose illustrating in 
detail shortly, and shall therefore now only describe gene- 
rally. This engine is the first of a new class of side tank 
engines, designed by Mr. Webb for working the metropo- 
litan and branch traffic of the company. 

The engine has a pair of 17in. cylinders with 20 in. 
stroke, and the slide-valves are above the cylinders at an 
angle. Condensing arrangements are provided in the side 
tanks, there being some novel points about these arrange- 
ments. The engine has six wheels, the leading being 3 ft. 
diameter and the driving and trailing 4 ft. 6 in. diameter, 
coupled. As the engine will have to run round very sharp 
curves at a high speed, Mr. Webb has kept a very short 
wheel base, viz., from leading to driving centres 6 ft. 9 in., 
and from driving to trailing centres 7 ft. 9in., giving a 
total of 14 ft. 6in. He has also designed a radial axle- 
box for the leading wheels, which gives the front of the 
engine three inches of lateral play. The box extends across 
from wheel to wheel, and is fitted with brass steps at each 
end, to bear on journals 6in. diameter by 10 in. long. 
Instead of the usual horn blocks there are flanged wrought- 
iron plates bolted between the frames, curved to suit the 
axle-box, which gives a large rubbing surface on each side 
of the box. Two springs are fixed inside the box under 
the axle, in such a manner as to give, when the engine is 
en a four-and-a-half chain curve, a maximum pressure of 
two tons on the springs on one side of the box, whilst those 
on the other side are almost free from compression. When 
the engine is on a straight road there is an equal initial 
compression on each spring, thus keeping the engine in its 
normal centre line between the rails. The foot-plate is 
covered by a cab, the coal being carried in a bunker to the 
rear. The engine is also fitted with powerful hydraulic 
brake gear acting on the driving and trailing wheels, de- 
signed by Mr. Webb, and which is applied instantaneously 
by the driver shutting a cock, the cock being again opened 
when he wishes to take the brake off. The working weight 
of the engine is 835} tons, and she is extremely plain and 








neat-looking, all the working parts being hidden from view. 





In presenting the address to Mr. Moon, Mr. Webb first 
offered some remarks upon the efficiency of the staff of 
employés and of the works, especially alluding to the clean- 
liness of the locomotives in work. Mr. Robertson followed 
with some congratulatory remarks on the part of the work- 
men upon the completion of the 2000th engine and the 
happy relations which had existed for the past twenty-five 
or thirty years at Crewe between the employers and the 
employed ; after which Mr. Mann—an old hand at Crewe— 
read the address. {[n this document reference was first 
made to the importance of steam-power as an agent of 
civilisation. Its application to the purposes of locomotion 
was next touched upon; after which a well-merited com- 
pliment was paid to Mr. Webb as the superintendent of the 
works, The address concluded with a hope for the con- 
tinued success and prosperity of the North-Western Rail- 
way Company, and a wish that the amicable relations at 
present subsisting between all employed in the works and 
the company might long continue. At the close of the 
address Mr. Moon returned thanks on behalf of himself 
and his colleagues for the hearty reception they had met 
with and for the kindly expressions contained in the ad- 
dress, observing that the 50,000 officers and men e 
on the London and North-Western system all worked in 
perfect unison with the directors, 

Mr. Farr, the oldest workman in the company’s employ 
at Crewe, proposed, on behalf of the workmen, and Mr. 
Jeffcote seconded, a vote of thanks to Mr. Webb, each 
eulogising Mr. Webb in very warm terms. The vote of 
thanks was carried by acclamation, and Mr. Webb’s re- 
sponse was received with continued applause. In obtaining 
the concession of a holiday for the men, Mr. Webb said he 
had assured the directors that it would be no loss to the 
company, and he felt assured that it would not be. 

Mr. Dingley, Mr. Williams, and Mr. Mann having been 
introduced to Mr. Moon, the proceedings closed by three 
cheers for the Queen, it being Her Majesty’s birthday, 
the national anthem being afterwards sung. 

Tn connexion with the day’s proceedings a fancy bazaar 
on a large scale had been arranged in aid of church 
extension in Crewe, and thither those present at the 
meeting next went. The bazaar was held in the new offices 
of the company, and was opened by Mr. Moon. Besides 
the usual concomitants of a fancy bazaar there were nume- 
rous models of machinery and engineering drawings, of 
interest to the workmen. There was also a goodly collec. 
tion of pictures and works of art. Musical and other en- 
tertainments were also provided. A luncheon was served 
in the works, at which Mr, Moon presided, and after which 
the usual loyal and complimentary toasts were given, the 
day’s proceedings closing most satisfactorily with an excel- 
lent display of fireworks. 








THE STRENGTH OF STEAM BOILERS. 
To THE EpITOoR oF ENGINEERING. 

S1r,—I beg to thank ‘oe for the criticisms with which 
you have honoured my short and somewhat hurried remarks 
on Fairbairn’s rule for the collapsing = of circular 
flues in your leading article this week. pecting the 
functions of the Board of Trade and Admiralty, I plead 
guilty of ignorance in not knowing the exact limit of their 
respective duties, and trust the information my remarks 
have called forth may be useful to other readers of EN- 
GINEERING besides myself. The first conclusion that 
suggests itself on learning the limit of the duties of a 
Government department is that by carefully ‘ keeping on 
the safe side,” a staff of very able engineers with too rigid 
restrictions on their e iture might possibly be im- 
posing a tax amounting to thousands annually that would 
be saved by the information and experience to be — by 
spending a few hundred pounds on experiments. I do not, 
however, wish to imply that this is applicable to the case 
that ——_ out these remarks, but it is worth ing in 
mind by those who are looking forward to the time when 
ay Government shall take the inspection of all boilers into 
its own ; 

Allow me also to express my regret for not havi iven 
the Board of Trade engineers credit in my idee, on Foe. 
tainly did in my mind at the time, for discovering the mistake 
in Fairbairn’s rule, that has so long been generally over- 
looked oes others. 

_ That Fairbairn’s formula inthe form generally adopted 
is not universally applicable there can be no question. In 
the first place its Cae ag is limited to wrought-iron 
tubes above a certain length, for it can easily be shown that, 
if we take the crushing strength of the material at 12 tons 
per square inch, the number 15 multipled by the thickness in 
inches of the tube will h in feet, at which the 


ive the | 
ne ee the tube and its collapsing strength, 
according to Fairbairn’s rule, are equal, and er 
reduction of the length will not give the increase of strength 


as it should do if the formula were correct. 
We are thus certain that the formula is not applicable 
for —. a than the following for various thick- 


nesses 
ft. in. ft. in. ft. in. ft. in. ft. in. ft in. 
Thickness of tubeO 040 O4% 0 OF 0 Oye 0 04 0 O%% 
Minimum length 3 947 5766 76 8 6 
These lengths are quite Sptegendend 9S: Go-Sasaster. 
How much beyond these lengths the formula does still not 
apply is uncertain, and must in some measure be determined 
by ratio of thickness to diameter, and of to 
rdinary tobe will’ ay Tee'echen the ome 
01 col ng before the crus 
is reached. It is hie that with ordinary ta of the 
above lengths a over one-half the crush- 





psing pressure 
ing pressure will never be attained in any experiments that 
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may yet be carried out, and we shall probably not be far 
wrong if we take half the crushing pressure or 
1680 x thickness in sixteenths 
Diameter in inches 

as the maximum pressure that any circular tube, whose 
diameter is not less than 100 times the thickness can be ex- 
pected to bear, and this is quite irrespective of the length 
and thesquare of the thickness. We have, therefore, the 
following as the minimum lengths of circular tubes to 
which the formula can be applied : 

ft. in. ft-in. ft. in. ft. in. ft. in. ft. in. 
Thickness of tube 0 04 0 Ov: 0 Of 0 O% 004 0 0% 
Minimum length 76 92 112 180 150 170 

With tubes } in. thick as in No. 31 of the experiments 
made by Fairbairn, the length given by 15 x .125 would 
be 1 ft. 10} in., the actual length of the tube was 1 ft. 9} in., 
and the tube, 15 in. in diameter, collapsed at 150 lb., or at 
about one-half the crushing pressure. This result is con- 
firmed by that of the experiment cited by you as having 
been carried out by the engineers of the United States 
Navy. 

The question then arises, how much isthe tubestrengthened 
against collapse by hydraulic pressure by hooping it at 
shorter lengths than those given by the rule 15 X thick- 
ness in inches? I venture to say very-little indeed, and that 
a #in. tube with strengthening rings at 3 ft. lengths is 
scarcely stronger than a similar tube divided into 6 ft. 
lengths. Indeed, if Fairbairn’s formula is worth anything 
at all, we shall gain nothing in collapsing resistance to by 
draulic pressure by making # in. tubes in shorter lengths 
than 11 ft., seeing this is the ray oe given by the rule at 
which the collapsing strength is half the crushing pressure, 
and assuming always the tube cannot be made to stand 
more than half the crushing pressure by any amount of 
practicable shortening. , 

This last assumption appears to be countenanced by 
the results of the experiments cited in your article since the 
shoring up did not appear to assist in strengthening the 
tube, as it failed again three times in succession close to 
the supports. 

The greater the thickness of the tube in proportion to 
the diameter, or the stiffer the tube, the more will the 
strengthening rings tend to bring the collapsing pressure 
up to the crushing pressure. A consideration of the resist- 
ing powers of the strengthening rings themselves should 
also not be omitted in any investigation of this matter at 
the high pressures we areassuming. For a # in. thick tube 
strengthening rings at 3 ft. lengths over the fire still serve 
a very useful purpose in keeping the tube in shape in the 
event of overheating, and in restricting the amount of dis- 
tortion in the event of collapse, and should always be em- 
ployed here, but it is questionable whether any advantage 
is gained by making the lengths less than 6 ft. or 7 ft. in 
the middle and back end of the boiler, unless the Bowling 
hoops or Adamson rings are applied with a view to make the 
tube less rigid. 

Taking the size of the tube mentioned by you as having 
been adopted by the Washington engineers, we have 2240 x 
12+54=494 Ib. as the crushing pressure. Since 15x.5= 
7.5and the tube was only 6 ft. 9 in. long, the resistance to 
collapse would probably not be much increased by dividing 
it into three lengths. The collapsing pressure is now pro- 
bably not over 300 Ib., which is tear Fh ve to a margin of 
safety of less than 4, the working pressure being 80 lb. 

The failure by overheating of such a tube as this, being 
oe nf strengthened at short lengths, would probably, 

owever, be very gradual, easily detected, and not likely to 
be disastrous. 

I had unfortunately overlooked the limited application of 
Fairbairn’s formula in making out the table of collapsing 
pressures I have published, and I have now pleasure in 
acknowledging that my discovery of the error was ee 
= article. Fortunately, however, the error I have 
made is at pressures so much out of the reach of o ry 
practice that it is not probable any one will be led astray by 
it. It is only because tubes have hitherto seldom been made 
more than 4 ft. in diameter, and when of this size less than 
ys in. thick to work at pressures not exceeding 90 lb., that 
the error of the formula has not oftener been practically de- 
monstrated. 

A few years ago a good many boilers were made near 
Manchester with tubes 5 ft. in diameter, of #in. plates, and 
with Adamson flanges 1 ft.9 in. apart. Perhaps some of 
the Manchester boiler engineers can give some information 
as to how these tubes behaved under pressures near 160 lb., 
if they were ever tested as high. With such unusually short 
lengths for # in. tubes, the collapsing pressure may possibly 
have approached the crushing pressure of the material. 

There can be no doubt that the rule for the limit of pres- 
sure reserved by the Board of Trade, namely, 

8000 x thickness ininches . 


: diameter: in inches 
is not at all too exacting, and, as you say, is a reasonable 
provision. In some cases it may be allowing too small a 
margin of safety, in fact scarcely higher than 3. if the col- 
lapsing strength is not more than one-half the crushing 
strength (taking the latter at 12 tons per square inch), which, 
as proved by a few experiments, is sometimes the case. 
That further experiments are here required for the guidance 
of the Board of Trade and others, T think you will allow. 
As thick plates give trouble over the fire, there is a limit 
of } in., or better at ,;in., for the thickness of furnace plates, 
and the diameter must be kept down to conform to the rule. 
‘The fact that the resistance of the tube in many cases 
will be determined sooner by the crus pressure than the 
collapsing pressure given by the formula, shows that the 
strength is not always as the square of the thickness, and 
having shown that the strength is not always inversely, as 
the length, and again, since the Board of Trade engineers 
have shown the constant 806,300 to be wrongly deduced 
from the ——- on which the formula is based, it may 
reasonably be asked of what use can Fairbairn’s rule be at 











all, and how has it been so long mag oy both here and 
abroad? Itis just a mere chance that its very limited 
applicability has not been earlier discovered, in fact, simply 
because one mistake has another, and for tubes as 
long as from 20 ft. to 30 ft., of a diameter not much less 
than 100 times the thickness, and with a double thickness 
of plate about ———s ft. (of which important element of 
strength the formula takes no account), the formula by a 
mere fluke has been found to give approximately correct 


I am sorry I have not time to reply to other remarks in 
your article that are suggestive, but must wait for a future 


opportunity. 
Yours ee 
BERT WILSON. 
11, St. Bride-street, E.C. 





MR. LONGRIDGE’S LOCOMOTIVE. 
To THE EDITOR OF ENGINEERING. 

S1r,—I owe you my thanks for your kindness in inserting 
my —— Lange ~ pd the candid rectification a ~ 
error into which you regarding my proposed plan for 
locomotives. The admission and correction of the mistake 
is, if you will allow me to say it, a proof of the honourable 
spirit in which your valuable journal is conducted. 

I quite admit that the drawings which pay 9 a my 
pamphlet were very incomplete, but they could ly be 
expected to show on such a small scale and in so limited a 
number, the various details which nevertheless are of essen- 
tial importance, and the absence of which naturally sug- 

ested to you the objections which you first raised to my 
esign. 

My principal object, however, was not to explain the con- 
struction of a new form of engine, but to advocate a system 
of light railways which could be constructed at a cost within 
the cial capacity of a poor country, and which would, 
nevertheless, and in spite of heavy gradients and sha: 
curves, provide a cheap and efficient means of inte 
communication. 

I have for many years been convinced that —e of 
se construction was only to a small extent dependent 
upon the width of gauge, and was rather to be sought for 
in the adoption of a surface line and curves of small radius ; 
but then comes the difficulty of heavy gradients, which 
could only be met by — and consequently heavy 
engines involving again heavy 


permanent way and ballast- 
me te experience on the Fell Railway over the Alps satisfied 
me that it was quite possible to work gradients of 1 in 12, 
and curves of 40 metres radius without the centre rail. In 
fact, we very frequently did so work the line. The greater 
a of the engines which we had were subject to continual 
reaking down of the cen rail motion, and it frequently 
Reopenee that we had to work the trains entirely by the 
adhesion of the four ordinary wheels, and without the 
central rail gear at all. This we found quite practicable, 
but of course the load which the engines would take up a 
gradient of 1 in 12 was considerably reduced. 
I found, however, that when the central rail motion was 
in working order the increase of load was very far from 
being in proportion to the increase of adhesion (or of 
cylinder power in the new four-cylinder engines). The fact 
was, that onppesing the engine would take a load of 
24 tons up lin 12 with the central rail engines, and 18 tons 
with the ordinary wheel engines, she would not take 42 tons 
with the two together. Very far from it, she would take 
“2 little if anything more than 24 tons. 
he reason was that the boiler could not supply steam 
for more than a load of about 24 tons up 1 in 12. Nor could 
the boiler power be increased ; we had already got upwards 
of 900 square feet of heating surface, and a weight of 
274 tons upon four wheels nearly equally distributed, or 
nearly 7 tons per wheel. We could not increase the number 
of the wheels, because the wheel base of 7ft. 4in. was 
already quite enough for our curves of 40 metres radius, or 
at any rate the addition of another pair of wheels would 
have been a great deal too much. Consequently I was 
driven to the conclusion that however successful the centre 
rail system might be as a purely mechanical device, yet it 


could not meet the requirements of a considerable cat 
a moderately low cost. 

I felt assured that was what was needed as re 
adhesion could be obtained by increasing the num of 


wheels, and what was needed as led power could be 
obtained a very large boiler’ and large cylinders, the 
great weight of which, whilst in the aggregate affording 
sufficient adhesion, might yet be so spread over the 
numerous jwheels as to reduce the weight on each axle to 
a very moderate amount. 

The ~~ remaining difficulty then was the mode of coup- 
ling, and the experience I had had of cog-wheel coupling 
with Mont Cenis engines made by Cail, satisfied me that 
there was no practical objection to the introduction of such 
cog-wheel coupling in an ordi engine. 

By fixing the cog-wheels on middle of the axles the 
irregular bearing of the teeth due to the divergence of the 
axle from parallelism was reduced toa very small quantity, 
but I have now succeeded in getting quit of it altogether, 
and the gearing as now a’ will work as s ily as 
if it was bolted down with an iron frame to solid ashlar 
masonry. ’ 

It has been objected that gearing though well suited to 
slow speeds, is not suited to quick ones. This is altogether 
a mistake. Gearing, if correctly made, will run perfectly 
well at speeds beyond what would be 
ex: engine. 

‘ake, for instance, an engine with driving wheels of 9 ft. 
diameter, running at 60 miles per hour, or 88 ft. per 
The cog-wheels to couple the drivers would be 


required even in an 


second. ’ 


about 4 ft. 9 in. in diameter, and the velocity of the pitch 
line about 2850 ft. per minute. Now there are instances 
in this country of cog-wheels working 


well at a 





velocity of over 3000 ft. per minute, and I am informed that 
in Alsace the speed is carried even up to 4000 ft. per minute. 
In fact, if the workmanship be true there is no reason why 
a still greater speed should not be attained if the strength of 
the teeth be proportioned to the pressure they have to 


transmit. 

Of course I am not now advocating cog-wheel coupling for 
express engines, but I unhesitatingly say that it is quite 
practicable and @ fortiori that its use in moderate speeds 

ts not the slightest difficulty. 

I had intended pursuing these remarks on cheap railway 
construction somewhat er, but I have already pre- 
sumed too much on your good-nature, and take-up too much 
of ree space. » however, you wi w me I will 

robably, on a future occasion, pursue the subject a little 


urther. 
Yours A 
J ey SRC 
3, Westminster Chambers, May 31, 1876. 








THE CORLISS ENGINE. 
To THE Eptror or ENGINEERING. 

S1r,—I was not aware that a ‘‘ Constant Reader, G. 8.” 
considered that ium contained the only Euro 
maker of Corliss engines, or I could not have.questioned his 
ars that wy iy tea most helped to propagate this in- 
vention. ‘“ G.§,’’ now and ever my permission to 
render unto Cesar that which is Cesar’s. " 

If I am not mistaken, by far the greater and most im- 
pees of the designs of the so-called Corliss engines 
are due to the genius of Mr. Corliss, and so deserved 
called ‘‘ Corliss engines.” Were they sold as manufact 
by, or under the superintendence of, Mr. Corliss, it would 
be another matter. Any one manufacturing such an engi 
and selling it as his own as “8S. G.’’ suggests, weal be 


justly accused of “ cribbing.” 

I your suggestion that ‘‘the Exhibition engine”’ 
should be experimented on, will be carried out. It would 
be most in , and “is wanted.”’ 


remain, Sir, yours truly, 
ANOTHER ConsTANT READER, P. 





THE THREE-CYLINDER ROLLING MILL 
ENGINE. 
To THE Eprror or ENGINEERING. 

S1r,—In your last issue Mr. Head at some length further 
explains the meaning and intention of his former criticisms 
on the above engine, and replies to the observations con- 
tained in my previous letter, With your permission I will 
very briefly make a few observations thereon. 

I made no allusion to the relative sizes of the engines 
under discussion, because Mr. Head: had himself admitted 
that the statement with regard to this point as origi 
made was strictly accurate, and I; therefore, consi 
Mr. Head had sufficiently corrected his own “ correction.” 
The information imparted that there was at the Newport 
Mills a somewhat smaller engine working at a higher speed 
is a fact which I have no intention of disputing. 

The discussion as to the matter of the dead centres is 
narrowed down to a very small point. Mr. Head now says 
these are ‘‘ dying’ centres—on the con , the in 
my vai reseed shows aye to be nn ee lively, There 
is considerably greater regularity in ing in a three- 
cylinder engine than in a single-cylinder double-acting en- 
gine—the centres in such an engine are quite ‘‘dead.” To 
secure the same uniformity of action as in three-cylinder 
engines, two double - acting engines must be coupled 
together ; but Mr. Head is quite right in comparing the 
three-cylinder with a single-cylinder donble-acting engine, 
for the former is to all intents and p one engine, 

Mr. Head’s remarks as to the utilised speed of piston 
did not seem to call for much reply. He calculates the 
utilised speed of a third of the ine in the one case, and 
compares it with the utilised s of the whole engine in 
the other. A 24in. ry inder double-acting engine 
with a piston speed of 315 ft. per minute, will only indicate 
half the horse power of a ti ylinder ine with a 
utilised piston speed of 210ft. per minute, and the cost of 
the three-cylinder engine will be certain} ter. With 
reference to the cushioning. I stated, It , quite clearly, 
that the cushioning in a double-acting engine is not re- 
quired chiefly to absorb the momentum of the piston, but 
is needed to avoid the shock due to the altered direction of 
the strain on the connecting rod, and argued that no 
cushioning is needed in the three-cylinder engine because 
the direction of the strain on the connecting rods is not 
altered during the revolution. That there is an absence 
of cushion I admit, but the strains caused by the momenta 
of the pistons, &c., bear so small a proportion to the strains 
arising at other parts of the revolution through the action 
of the steam, that the former may be di ed. Ido 
not understand Mr. Brotherhood’s ideas on the subject, 
but I should be greatly surprised if they are so obviously 
absurd as they apome when interpreted by Mr. Head. 

In conclusion I should like to ask Mr. Head what in- 
duced him to adopt this type of engine for his works ; also 
I hope he will take an early opportunity of inspecting the 
Cyclops engine at work. 

I am yours truly, 
E. B. ELLINGTON, 

Chester, May 30, 1876. 





Loan COLLECTION OF SCIENTIFIC APPARATUS AT 
SouTH KENnsInaton.—We are requested to state that a 
number of scientific gentlemen have volunteered to give 
lectures in connexion with the Loan Collection of Scientific 
Apparatus on the free evenings. These lectures will com- 
mence to-morrow (Saturday) at 8 o’clock in the Conference 
Room by a lecture from Professor Roscoe, of the Owen’s 





College, Manchester, on Dalton’s instruments and what he 
dia with them, 
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DETAILS OF PUMPING ENGINE AT THE HULL WATER WORKS. 


CONSTRUCTED BY MESSRS. BELLS, LIGHTFOOT, AND CO., ENGINEERS, NEWCASTLE-ON-TYNE. 










Fig. 3 
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DETAILS OF PUMPING ENGINE AT THE HULL WATER WORKS. 
CONSTRUCTED BY MESSRS. BELLS, LIGHTFOOT, AND COMPANY, ENGINEERS, NEWCASTLE-ON-TYNE. 
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Fig 6. 


and Co., of the Walker Engine Works, Newcastle-on- 
Tyne, for the contractors Messrs. Smith, Pender, and 
Co., Millwall, and on the 28th of January last it was 
formally started in the presence of the chairman and 
members of the Water Works Committee, and of 
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Tue pumping engine, of which we gave a two-page en- 
graving last week and we further illustrate by engravings 
on the present and opposite pages, and page 468 of the 
present number, forms the most important part of an exten- 
sion recently made by the Hull Corporation to their pumping 
station at Springhead, situated about five miles from Hull. 
The engine has been constructed by Messrs. Bells, Lightfoot, 
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their engineer, Mr. D. Maxwell. 

The engine has asteam cylinder 90 in. in diameter 
with 11 ft. stroke, the valves being of the usual 
Cornish type, as shown by the section of a steam 
valve, Fig. 7 on the opposite page. The valve and 
cataract gear are shown by Figs. 3 and 4, on the 
present and opposite pages. The steam cylinder is 
steam jacketted as well as lagged with felt and ma- 
hogany cleading, and is fitted with one of Mather and 
Platt’s patent pistons. The beam, which is 40 ft. 
long between end centres and 7 ft. deep at the centre 
between flanges, weighs 40 tons and is made of 
wrought iron, as shown by the detail views, Figs. 8 
to 14, on page 468. The engine drives two lifting 
sets, each with a bucket 27in. in diameter, and one 
forcing set with a plunger 36}in. in diameter, all 
the pumps having 11 ft. stroke. The condenser is 
of the ordinary jet type with foot valve; the boiler 
feed being taken from a hot well placed on the top 
of the air-pump. The general arrangement of the 
engine will be well understood from the views which 
we gave in our two-page engraving last week, while 
the lifting pumps are also shown in Fig. 6 annexed. 

Up to the present time the water has been pumped by 
two smaller engines at Springhead to the reservoirs at 
Stoneferry, a distance of about five miles, and from thence 
again pumped into the mains for supplying the town; it is 
proposed, however, with the new engine to pump direct 
into the town mains, and provision has, therefore, been made 
by varying the counterbalance, to pump either to Stoneferry 











or direct to Hull, a greater pressure being re- 
quired in the latter case than in the former. 
The maximum pressure is calculated to be due 
to 200 ft. and the minimum to 180 ft. head of 


water. 

The shaft is 22 ft. in diameter and 78 ft. 
deep, and is lined for about half way down 
with cast-iron tubbing in segments. At a 
distance of 33 ft. from the top is placed a 
wrought-iron tank into which the lift pumps 
discharge, and in this tank (see Fig. 6), 
which is suppotted on strong wrought-iron. 
girders, is placed the forcing set which 
deliver into a 4 ft. main through a large 
cast-iron air vessel 7 ft. 6in, in diameter 
and 20 ft. high placed outside the engine 
house. The whole arrangement is shown by 
the views on the two-page engraving which 
we published last week. 

The lift pumps are each provided with two 
retention valves, these being ordinary flat- 
faced floating clacks, but both suction and de- 
livery valves of the force pump are Husband’s 
patent, with four faces. Detail views of one 
of these latter valves are shown by Figs. 15 
and 16, on page 468, 

A wrought-iron tank outside, placed at an 
elevation, kept full by a pipe with self-acting 
ball.cock from the main, holds a store of water 
for starting the engine in case the shart cistern 
requires to be emptied for repairs, and. from 
this tank also the’ injection supply and the 
water for filling the counterbalance case is 
taken. 

The counterbalance (see Fig. 5, page 460) is 
a large cast-iron fluted cylinder weighing about 
17 tons, which with the weight of parts gives 
the pressure necessary for forcing against the 
minimum head of 180 ft. When it is required 
to pump direct to Hull this case is filled with 
about 14 tons of water, by means of a sliding 
copper pipe working through a hole in the top 
cover, a glass gauge graduated with a scale 
of tons showing the exact weight of water 
admitted. By a suitable arrangement of valves 
and gear, this additional weight can be ad- 
justed without stopping or even slackening the 
speed of engine.* 

There is one feed pump with 6in. plunger 
and one pump of same size, which, by a two- 
way cock, can be used either for feeding the 
boilers or for pumping air into the air vessel. 
The total weight of the material in theengine and 
pumps (but exclusive of the cast-iron tubbing 
in the shaft) is about 470 tons, and the whole 
forms a very fine and substantial job. 

The boiler power at the Springhead station 
consists of five old boilers and three new ones, 
each boiler being 80 ft. long by 7 ft. in dia- 
meter, and provided with two flues 2 ft. 9 in, in 
diameter, and a dome 3 ft. in diameter by 
8 ft. Gin. high. The shell plates are 4 in. and 

the flue plates ,’, in. thick, and the pressure is 35 lb. per 
square inch. 





Coal IN WESTERN KentTucKy.—A coalfield west of the 
Louisville and Nashville Railroad was first developed in 
1872. There are twelve veins of coal ranging from 2 ft. to 
8 ft. in thickness. 





Pusiic Works In Vicror1a.—At the close of June, 
1874, the public debt of Victoria amounted to 12,485,4321. 
This debt was contracted as follows: For the construction 
of railways, 10,657,0001. ; for water works, 900,000/. ; for 
public works and water supply, 505,330l.; for the Alfred 
graving dock, 250,0001,; and for defences, 100,000/. It 
will be seen that the loans cont: were rai to a 

extent—in fact, almost exclusively—for public works 
of the highest public importance. 


Newcastie (N.S.W.)—The general trade of the collieries 
in the Newcastle district in New South Wales has continued 
to make steady progress, the te coal sales of 1875 
having amounted to 1,180,772 tons, against 1,079,368 tons 
in the preceding twelve months. The Government of New 
South Wales has recently effected considerable improve- 
ments in Newcastle harbour for the better accommodation 
of shipping, and has supplied additional appliances for the 
shipment of coal. The Colonial Government is carrying out 
— new works of an important character with the same 
object. 


* As the details of this counterbalance and of several 
other parts of the engine, as illustrated by us, differ in 
many respects from engravings which have previously ap- 
peared in a contemporary, it is only just to ourselves to 
say that our engravings have been prepared from tracings 
furnished to us by the makers, and show the engine as 
actually constructed. 
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INCLINED PLANE FOR BLAST FURNACES. 
Our two-page engraving this week represents an inclined 
plane for serving two blast furnaces at the Meier Iron 
Works, at Bessemer, Ill., U.S.A. 
erected from the designs of Mr. C. A. Smith, and we shall 
shortly publish farther details of it which will fully explain 







This plane has been 










NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig Iron Market.—There was no 
market last Thursday, that day being held as the 
hen almost all publi i 
market opened on the followi 
offering 57s. 10}d., but no 
renoon. The ma 
business was dene at 58s. three mon’ 
., Sellers 58s. cash. On Monday the 
both forenoon and afternoon, no business 
. The closing prices were 57s. 10}d. buyers. 
Ph Re Toly le Famer Ag 
erwise there was no c . mar! quite idle. 
of business was done this forenoon at la 
closing the turn easier, with 
sellers at 58s. cash, buyers 57s. 10d. During theafternoon 
the market was steady at 
Last week’s shipments 
ns as against 9768 tons the correspond- 
ing week of last year. The imports from Middlesbrough con- 
tinue to be very large, and the total increase over last year’s 
23,750 tons. One of the blast furnaces 
orks has been damped out, thus reducing 
the number of furnaces in operation to 115 as against 123 
at the same time last year. 


Reduction of Wages at the Malleable Iron Works.—On 
Saturday last, notices of a reduction of wages were 
at theMotherwell Malleable Iron Works, occupied 

y, at the Dalziel Malleable Iron 
, and at various other works of minor 
The reductions will take effect on the 12th 
June, and, with the exception of the ironworkers proper, 
will include all descriptions of skilled time workmen, as well 
bourers. The amount of the reduction is not stated in 
the notices. Upwards of 1200 men, includi 
orks, will be effected in the 


business was suspended. 
day, sellers asked 


ture of iron rails. 


57s. 10}d. up to 58s. 1}¢d 


no business was repo’ ; 
58s. 14d. sellers, buyers 57s. 10}d. 
amounted to 10,696 


for giving evidence 


The Coat Trade.—As could only be = a 2 
season of the year, the 
tion continues limited in t 
tion as regards dull trade. For ex- 
rtation, however, the demand has of late been pretty 
ge. Prices have undergone very little if any change. 
large cargoes have recently been shi 
lyde and on the Forth. The passing o 
Leven Dock and Harbour Bill is looked 
of considerable importance to the Fife 
new mineral fields in the east of Fife, and greatly 
those already working. The Fifeshire miners are 
king steadily twelve days a fortnight where desired, 
and stocks are decreasing at the i 
although not very remunerative, are 
New Coalfield at Irvine.—For a considerable time past 
Mr. Paterson, the lessee of the Irvine Burgh Colliery, has 
inking to the main coal in the pit at Ravens- 
croft, and after having encountered grea 
el a mass of intrusive whinstone of about 25 ft. in 
thickness, has been awarded with a 
coal, through which he has gone 


first-rate nality. It 
the burgh b 


for coal for home consump- 
Board deemed 


tion, and the meeting 
pose. a, ~~ Se = i - 
passed :—‘‘ The joint committee, having for months past 
very fully discussed, from time to time, at the request of 
the workmen’s representatives, the question of the claim of 
the hauliers for additional » unanimously agree that, 
in respect to such disputed clai 
Association are found to have strictly carried out the award 
in fixing the hauliers’ wages in the several 
workmen’s representatives continue to press for concession 
to the hauliers ; but the owners’ representatives, while de- 
sirous of meeting the matter as far as possible, do not feel 
varying the terms of the award in any i 

and they therefore are obliged to decline to en’ 
uliers’ application for an advance in their wages.” 
said that in some places the men had stated that they intend 
to come out if the advance is not given. 
Sirhowy Railway. 
eeting of the Sirhow " 

Euston Station. On the motion of 1 
Bickersteth), seconded by Mr. Pochin, the meeting 


shins the London end Worth 


NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Earl Fitswilliam’s Colliers.—During the strike of miners 

in South Yorkshire and be gre no steps had been taken 

at the large collieries of Ear: 

See 0 Oe Sve sak, Soe eines 

tween the men and the managers 

that the men should submit to an immediate reduction of 10 

ion of 2} per cent. from the 


seam of “‘ stane’”’ 
ft. This discovery 
to the town, as the coal is of 


t the contrary being the 
there is now a very large field on which to o 
e burgh lands contain several hundred 


going to the main coal. 


kcaldy.—After a severe and 
» engineer and shipbuiler, 


sixth year of 
eats ot Bs 


, breathed his last at 
Mr. Key was a self-made man. 
steam engine and of inci 
tion generall had ) : > 
larger engineering wo’ a 
thirteen or fourteen years ago Mr. Key 
shipbuilding at Abden, and a new era of 
for Kinghorn, which had for some time 
Sreaing cas lanes Site, Ever sinee, Mr. Key carried 
on shipbuilding wit 
dy ee — 
‘or many years p . manifested m’ 
regard to the improvement of 
harbour; and for the last two years he was 
tatives for the county at the Harbour 
recommendation 


Ro C.E., Edi 
Asem taco wees et te 
in the carrying 


per cent., with a further reduction 
gross wages, on and after July 27th next. 
New Colliery near Shefield.—A new shaft is being 
in menmerton eth the already existing four collieries of ,Mr. 
B. Huntsman at Tinsley |Park, near Sheffield. 
inking has reached a considerable depth, 
J poet the working of the Parkgate and Silkstone 


New Water Works at Ossett.—On Saturday last there 
were great rejoici gg pe ge 


useful member. His 


he ised to be a 
ted by all classes of the community as a very heavy 


strata has been 
&c., the shafts are being finished off. 
The Bessemer Saloon Steamer.—This vessel, which cost 
abont 200,000/. little more than twelve months back, has 
it for 20,0001. by Mr. W. Sugden, a Leeds 
t as stated last week, to a firm of 

ines will be taken out and the 


way near 
24 ft. This work is intended for the 


f 

Links district, and finds an outlet at the east of the toll, 
from whence it is carried out to sea in pi i 

of 240 ft. These pi i 

water of the new dock. 

estimated at 4000/., and the 


and iron merchant (not, 
merchants at Hull). The 
vessel then broken 





of the drainage scheme is 
contractors 





have the whole work completed by the 20th of July. 
the terms of the new Dock Act, all the will fi 
upon the Dock Commission. 


NOTES FROM THE SOUTH-WEST. 
Cornwall Minerals Railways.—Colonel Yolland has now 
leted his inspection of the Cornwall minerals r 
= sa re —? = so the line from 

owey to Newquay opened for traffic. 
Colonel Yolland 1s quite satisfied with the general 
of the line; but some of the points put in two or 
years since, being worked from cabins more than 150 yards 
off, are not in accordance with the e: r 
the Board of Trade. Altering these, and attending toa 
few other minor matters, will take about a fo ht. It 
ted, and with reason, that instead 
the station for St. Columb by its present name of Halloon, 
it should be known as St. Columb-road. 


New Steel Rail Mill at Dowlais.—We hear that a new 
steel rail mill will be shortly erected at Dowlais, and that 
the Goat Mills will be devoted exclusively to the manufac- 
The new mill will be constructed 





Llandore Steel Works.—The large steel works of Llan- 
dore, near Swansea, have stopped. Two thousand men 
were employed at these works making steel by Siemens’ 


Railway Accident Commission.—The dismissal of a 
guard named Harcombe by the Taff Vale Railway Com- 
before the Royal Commission on 
ay Accidents, has been brought under the notice of 
the Home Secretary, with the view of ascertaining what, if 
any, compensation can be awarded him. Mr. Cross, after 
considering the matter, has stated that it is one in which he 
has no jurisdiction. 
Western Railwa 
tween Newton an 
The line will secure a great savi 
ing the traffic of the Torquay branch. 
double the line, at least as far as Torquay. 


South Wales Coal Trade.—A meeti 
mittee of masters and men, as a Conciliation Board, was 
held on Saturday, at the Royal Hotel, Cardiff, Mr. D. 
Davis in the chair. The meeting was called to consider ap- 
plications from the hauliers of nearly all the collieries in 
berdare, and Merthyr valleys for an ad- 
vance of wages. These applications had been on several 
occasions >) and put on one side, as the Conciliation 

hat they were fully dealt with by the award. 
The attitude of the men seemed to call for a specific resolu- 
on Saturday was called for that pur- 





first sod for the reservoir of 


Gawthorpe Water Works scheme. The water will be 


The New Cotieries. o soo Yorkshire.—The various 
new sinkings in Sou! or’ are being i 
as rapi as circumstances will it. The Barrow 
Wors h pit is being fitted with head 
drawi s being each 18ft. in diameter. At Walk Main 

passed through, and at Carlton, 


up and as scrap iron. 


expense 


Reduction of Ironworkers’ Wages. —The fergemen 
ed at the large works of the Sheepbridge Iron and 
Coal Company (Limited) have resumed work at 10 per cent. 
Atsome of the Sheffield iron works the men 
are now under similar notices. 








three | larger attendance than usual on Change 
Business was very flat. Shipments be: 
was a better inquiry for No. 3 Clev 
week’s prices were ised. 
market was weaker than it was on the 
Stocks of pig iron are still increasing, and it is the prevail- 
ing eee that the lowest prices have not yet been 


requirements of 


Eatension.—A new line of rails be- 
Kingskerswell has been opened for 
of time in work- 
t is intended to 


of the joint com- 


future. The financing of 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLEsB: » Wednesday. 

The Cleveland Iron Market —Yesterday there = a 

, at Middlesbrough. 


> he yo active there 


revious Tuesda: 


The Finished Iron Trade.—Last week we stated that 
the finished iron trade was getting worse, and intimated 
that unless rail orders were soon secured a great man 
more men would be thrown out of employment. 
we regret to say that the condition of trade in Cleveland is 

+ deal worse than it was ten days ago. Messrs. 
ow, Vaughan, and Co., one of the largest iron-making 
firms in the world, and one who has the great advantage 
over many others in having their own collieries, ironstone 
mines, and blast furnaces, which enable them to manufac- 
ture rails at a cheap rate, have given notice to their mill- 
men employed at their extensive Middlesbrough works that 
after the expiration of fourteen days their services will be 
no longer required. Messrs. Hopkins, Gilkes, and Co., of 
Middlesbrough, have given similar notice to their millmen. 
The disastrous significance of this step will be understood 
when we state that within the next fortnight more than a 
resent employed in Middlesbrough will 
or many weeks past the 
Works in this town have been closed, and more than 900 
hands usually employed at these works are doing nothing. 
pute at the Moor Iron Works remains 
unsettled. At Darlington, on the Wear, and on Tyneside, 
the iron works are only i 
number of men are out of work. The most experienced 
men in commercial matters agree that during the present 
year at least there will be no material improvement in 
Everybody is getting uneasy about the immediate 
affairs is becoming more and 
more difficult, and it is whispered that the intricacies of 
some concerns will only be made clear by trustees in bank- 
ruptey. Ina district like Cleveland, possessing enormous 
mineral treasures, it is sad and disco’ 
works apparently in ruins and d 


ly occupied, and a great 





resolution was 





s, the coalowners in the 
ames McNair Harkness, 


—On Thursday a special 
Railway Com was 
chairman (Mr. 


the company’s 
-Western Railway 


mn, Southwark-street ; 
ict Engineer 


Fitzwilliam at Elsecar, &c., 
place be- 


. It was thereat 


pean Telegrap’ 

th ; § yh ee P. 

Offi M " Thorne, Rio Tinto 

Robert Charles Turner, Porto 

Railway, Brazil ; Char 
-D., India ; and Clement 

‘The additions to the 





ErRatum.—In our article on ‘‘ The Strength of Boilers’ 
last week, on page 441, middie column, second line from the 
bottom, for “eighteenth’’ read ‘‘ twelfth.” i 
evident from the context. 


Tue INSTITUTION OF CrvIL ENGINEBRS.—At the con- 
cluding meeting for the session 1875-6, held on Tuesday 
the 30th of May, Mr. Abernethy, Vice-President, in the 
chair, it was announced that the Council, acting under the 
rovisions of the bye-laws, had recently transferred Messrs. 
Westminster; Philip Causton 
Lockwood, Town Surveyor of Brighton ; Richard Proctor 
. P.W.D., India; and James Nelson Shool- 
estminster, from the class of Associates to 
that of Members, and had admitted the following candi- 
dates as Students of the Institution, viz., Messrs. Robert 
Sinclair Campbell, Patrick Edward Dove, Francis Joseph 
Lindsay Galloway, M.A., Robert Grindle, 
Robert Collett Mawson, Amyas Morse, Charles Anthony 
Stoess, Algernon Robert Sntherland, and Benjamin Ho- 
worth Thwaite: The monthly ballot resulted in the elec- 
tion of thirty-two candidates, of whom five were members, 
viz., Messrs. George Frederick Adams, Cardiff; Geo 
Baird, St. Petersburg ; Samuel Bailey Coxon, Washington, 
Durham ; Edward Easto 


enry Gooc r, i 

Works ; Edward Fyfe Griffith Griffith, Stud. Inst. C.E., 
Assist. Eng. Odessa Water Works; Henry Tylson Hodgson, 

en, St. Albans; William 
Superintendent, Rio Tinto Railway; Augus 
Macdonald, General Manager of the Auckland and Mercer 
Railway ; William Patterson Orchard, B.E. 
estminster ; the Hon. Richard C 
B.A., Stud. Inst. C.E., Conna 
P.W.D. 


Eo 


and New Hamburgh 
Twidale, Assist. 





) nd pig, and last 
With this exception the 


This wee 


Britannia Iron 


ing to witness big 
owing to the long 


The error is 


and William 
Malabar ; and 


Langdon, Locomotive 
tus van Zandt 


Stud. Inst., 
iere Parsons, 
t-place ; Webster Paulson, 
lonel Frederick Weston 

.W.D., India; Edmund Walter 
Scotia ; Sidney Preston, Stud. Inst. 
-W.D., India ; John William 
Inst. C.E., Westminster; John Shaw, 
General Manager, South Eastern Railway ; 
Smith, Dudley; Arthur Toulmin Smith, Stud. Inst. C.E., 


Superintendent, Indo- 


Alexander 


h line; John 
W-D., Cape 
R.E., War 
Pier Works ; 


Heatherly Wilmot, Rio 
roll during the session 
have included: 34 Members, 187 Associates eee 
previously Students), and 119 Students. i 

now contains the names of 14 H 
Members, 1597 Associates, and 400 
total of as against 2659 at the same time last year. 


Members, 870 


ts, making a 
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IRON WORKS AT BESSEMER, ILL, U.S.A. 


THE TpsIGNS OF MR. C. A. SMITH. 
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ss INEERING.” were the resistance of ships by the horse power re- | made up once and a half the net resistance, or equal 

siti Bhd Eg Aina quired to drive them at a certain speed. The}to 1} E.H.P. 
GLascow: William Love. Admiralty “‘ steam-trial books” are all compiled on | Again (4), the constant friction has been shown to 
eS ee ee tee Feipione, Breseela, this principle, and the well-known Admiralty ‘con. | be equal to one-seventh S.H.P., and)(5) the friction 
pe, « , m the same basis. Mr. Denny’s/ due to the load is assumed to be at maximum 
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NOTICE TO AMERICAN SUBSORIBERS. 

We beg to announce that we have appointed Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all ~~ for the 
United States will in future be payable to them. . Miller 
and Smith are also prapenet to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &c., 


on application. 








NOTICE OF MEETING. 
THE ABRONAUTICAL SociETY OF GREAT BriTatn.— Wednesday, 
June 7, @ meeting for the reading and discussion of papers will 
be held at the Society of Arts. Ohair to be taken at 8 p.m. 


THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr, James DREDGE is 
now at Philadelphia, and that communications relati: 
to the International Centennial Hehibition may be ad- 
dressed to him at the Continental Hotel, at that City. 
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MARINE PROPULSION. 

‘THE meetings of the Institution of Naval Achi- 
tects this year were the means of bringing before 
the public much new and valuable information on 
that most difficult of all subjects, fluid resistances. 
There were not less than five papers dealing more 
or less directly with the resistance and propulsion 
of ships, and among them were two by Mr. Froude, 
which deserve the careful attention of all who are 
interested in shipping. The chief interest lies 
perhaps in the first of Mr. Froude’s pavers: “On 
the Ratio of Indicated to Effective Horse Power, 
as elucidated by Mr. Denny’s Measured Mile 
Trials at Varied »” but the other paper has 
a practical value which in the eyes of some will be 
deemed of even more importance. 

The results of Mr. Denny’s steam trials were first 
laid before the British Association last year at the 
Bristol meetings, and they were published in En- 
GINEERING, page 311, vol. xx. In Mr. Denny’s paper 
curves were given showing the horse power of 
the engines corresponding to the sev: speeds. 
As Mr. Denny was about to make further similar 
trials with a new ship, it was that Mr. 
Froude should have not only the results of those 
ger ays hey also the lines why 4 vessel, so that 

e mig €@ experiments with the ship’s model 
to determine the relation between ae dint net 
resistance and the power expended in overcoming 
it. This led to the extremely valuable results em- 
bodied in Mr. Froude’s per, 

It has been the usual custom to measure as it 


stants” proceed u 
curves, as laid before the Mechanical Section of the 
British Association, were also constructed so that 
the ordinates represented indicated horse power, 
while the abscisse represented the corresponding 
speeds. Mr. Froude in this, as in most of his other 
investigations, follows a method of his own which 
proves itself much superior to the old stereotyped 
method. Instead of mixing up resistance with horse 
power, force with work, he compares resistance with 
thrust, and for this purpose obtains from the indi- 
cated horse power what he terms the ‘indicated 
thrust” by dividing the former by the speed of the 
propeller, or its number of revolutions multiplied by 
its pitch. The advantages of this system are evident, 

Kaopting this plan with Mr. Denny’s curves, Mr. 
Froude soon found that the curves showed no 
tendency to cross the horizontal axis at the zero 

int of speed. In other words it was evident that 
the ‘indicated thrust” did not tend towards zero as 
the speed approached zero, but that it tended in 
every case towards a point which showed a consider- 
able amount of thrust. Following “P this clue, and 
completing the curyes according to the known laws 
of resistance for sléw speeds, Mr. Froude was able 
to discover the amount of this initial thrust, which 
appears to be called into action the moment the 
vessel begins to move under steam at speeds however 
slow. This “‘ initial thrust” Mr. Froude urges can be 
no other than the initial friction of the engines when 
working without a load, due to the dead weight of 
the working parts, the tightness of the piston pack- 
ings and such like. And experiments with sister 
vessels, in which everything except this element was 
alike in both ships, were found to corroborate this 
view, and to show that it is practically a constant 
factor at alls 4 

This ‘initial thrust’’ was found to range in amount 
from one-sixty to one-eighth of the gross load on the 
engine when working atits maximum speed and power. 
Mr. Froude taking the mean value, estimates that this 
constant amount of power, equal to one-seventh of 
the manimum power of the engines, is thrown away 
even when the vessel is steaming at low and com- 

aratively economical speeds. The proportion lost 
from this cause, out of the power exerted, increases, 
therefore, as the speed is reduced. ‘Thus (says 
Mr. Froude) in the case of the Merkara, when the 
ship is steaming at five knots in a smooth sea, one- 
half of her whole expenditure of power is due to this 
circumstance.” 

Most valuable use is made by Mr. Froude of the 
new light thus thrown upon the forces wasted 
in marine propulsion. is experiments upon 
H.M.S. Greyhound, and numerous ex ents 
on models of ships, had established the fact 
that.of the total power developed by the engines 
of ships when steaming at full speed, only 
from 87 to 40 per cent. is usefully employed. What 
became of the remaining 60 per cent. was a question 
which nobody could fully realise or understand, 
Thanks to Mr. Froude this darkness will no longer 
prevail. He gives the following as constituting the 
gross load of the engines : : 

‘*(1) Ship’s net resistance, ‘the power due to which 
he designates E.H.P., effective horse power,’ (2) 
Augmentation of net resistance due to negative pres- 
sure created about the ship’s stern by the action of 
the screw. (3) Water friction of screw. (4) Con- 
stant friction, or friction of engine as without ex- 
ternal load. (5) Friction due to external load. 
(6) Air‘pump resistance. ‘The six elements are force 

actors, and when multiplied by 
speed of ship in feet per minute 





33,000 

constitute the horse power fundamentally due to the 
ship’s progress—that is to say, excluding slip—and 
which { shall designate S.H.P. in making up the 
account, which will consist of the several elements 
all ultimately reduced into terms of E.H.P. which is 
in a sense the origin of them all. (7) The horse 
power due to slip has to be added subsequently.” 

Let us now consider each of these factors. 
(1) is of course E.H.P,; (2) has been proved 
abundantly by Mr. Froude’s experiments to be about 
40 per cent., or four-tenths of E.H.P.; (3) is esti- 
mated from the Greyhound iments to be at 
least equal to one-tenth of E.H.P. Thus between 
the ship’s net resistance, the increased resistance due 
to negative pressures on the stern caused by the 





screw, and the water friction of the screw, we have 





speed at least equal to the initial friction, or one- 
seventh S.H.P., and (5) the air-pump resistance is 
estimated to be .075 of the whole load on the engine, 
or .075 S.H.P. 
Combining the above the equation is obtained : 
8.H.P.=1.5 B.H.P.+.361 8.H.P. 

or 8.H.P.=2.347 E.H.P. 
And adding one-tenth for slip, or making LH.P.= 
1,1 S.H.P., the result is obtained : 

B.H.P=.387 1.H.P., 
which agrees very nearly with the results of former 
experiments that went to prove the net resistance 
of the ship only about 40 per cent, of the re- 
sistance due to the indicated horse power developed 
by the engines. 

Mr. Froude’s second paper was ‘‘On the Com- 
parative Resistances of Long Ships of several Types,” 
and went to prove, what he has often insisted 
> that to make a vessel long, with a small area 
of midship section and straight middle body, in order 
to obtain higher speeds, or to reduce the engine 
power, is to act upon fallacious principles ; and that 
a shorter vessel of the same displacement haying a 
larger midship section, with nostraight middle body 
but fine ends, offérs less resistance, Starting with the 
Merkara, a ship of 3980 tons displacement, 360 ft. 
long and 37.2 ft, beam, and 16.25 ft. mean draught, 
Mr. Froude made four models of equal displace- 
ment, one to represent the lines of that ship, 
with one-fifth of her length parallel middle body ; 
the second of nearly the same length, 8} ft. wider 
and nearly 2 ft, more draught, but without any 
straight middle body ; the third 50 ft. shorter, 12 ft, 
wider, 3 ft. deeper, without middle body; and the 
fourth 75 ft. shorter, 8} ft. wider, and 1} ft, deeper 
than the Merkara, and having a parallel middle body 
one-third the length of the ship. For the exact 
figures we must refer to Mr. Froude’s paper. 

In these four cases the variation of form is ex- 
treme. The proportion of length to breadth varies 
from 9.67 in erkara to 6,25 in the shortest of 
her competitors. The results of the experiments 
are embodied in curves showing the resistance of 
each of the forms at all speeds up to 20 knots per 
hour. The results are sufficiently striking.. Up to 
about we knots there is very little difference 
between the resistance of any of the four vessels, 
Beyond that speed the resistance of the two vessels 
having a parallel middle body is found to increase 
more rapidly—in one case much more rapidly—than 
the resistance of the othertwo, As might be ex- 
pected in the fourth case mentioned above, where 
the vessel is short, the beam and depth comparatively 
great, combined with a long straight middle body,, 
the resistance becomes very great at high speeds ; 
whereas at a speed of 12 knots its resistance is only 
10 per cent. greater than that of the best of the 
other three forms, at 15 knots it is about 70 per 
cent. greater, and at 16 knots it is more than twice 
as great. Up to 15 knots speed there is no great 
perceptible difference between the other three 
vessels, but beyond this the resistance of the 
Merkara increases considerably faster than the other 
two vessels, although she is 8 ft. narrower, and the 
same le as one of them, and 12 ft. narrower, 
and 51] ft. shorter than the other one, Of these last 
two, neither of them having any straight middle 
body, the shorter vessel had least resistance hy 
16 knots, but beyond this speed the longer vessel 
the advantage, though by no means a great one, 

Mr. Froude says, ‘‘It is the fact that in the 
Merkara’s case at from 5 knots to 8 knots, the 
surface friction is about 94 per cent, of the ship’s 
entire resistance.” And referring to the greatest 
difference (10 per cent.) in the resistance of the four 
vessels at 12 knots speed, he points out that it is 
only half as much as the thrust which is being con- 
stantly lost owing to the initial friction of the 
Merkara’s engines. 

These facts when taken together are more in- 
teresting and more instructive than almost any on 
the subject of the resistance of ships that we re- 
member to have seen, even from Mr, Froude, They 
show us that even for very high speeds, excessive 
lengthisnot necessary, noradvantageous. And to our 
minds they show also that for moderate speeds, such 
as prevail in the mercantile marine, there is very 
little indeed to be gained by variations one way or 
another in the form of the lines, from those of an 
ordinary formed mail or passenger steamer, The 







































































464 





ENGINEERING. 





[Jung 2, 1876. 





results are entirely against the bluff-ended and 
narrow steam colliers, of which so many are afloat, 
and in favour of their having more beam, more area 
of midship section, and finer ends extending into the 
middle of the ship. 

Mr. Froude’s comparison of the difference of re- 
sistance between the four vessels of different form, 
with the amount of _ lost by initial engine 
friction, reminds us of a circumstance which more 
than any other perhaps has tended to propagate the 
idea that by — a piece of straight middle body 
into a ship we do not increase her resistance. 
During the last four or five years some hundreds of 
steamers have been lengthened by a straight piece 
being put into them amidships, and in most of those 
instances improvements have been made in the 
engines, chiefly in the direction of their being con- 
verted from simple to compound engines. The con- 
sequence has been that the vessels after being 
lengthened have been able to carry more cargo, 
and owing to the improvement in their engines 
they have been able to steam as fast, some- 
times faster, with less consumption of coal per day. 
From being unprofitable ships they have thus become 
profitable ones, and the credit of this has in a great 
measure been put down to the lengthening of the 
ship, whereas in reality it should have been put 
down to the engines; and in some cases where the 
engines were not altered it has turned out that in 
the particular trade the larger vessel at a slightly 
reduced speed payed better than the smaller and 
slightly faster one, so that the arguments seemed 
even in those cases to tellin favour of long narrow 
ships, although in reality it was in favour of large 
as against smaller ones. 

As between long ships and short ships, however, 
the question does not resolve itself into one simply 
of resistance and speed. The vast balance of 
— opinion, it is true, isin favour of great 
ength and small section for speed and economy of 
yom ep and this has probably had much more to 

o with excessive length in proportion to the other 
dimensions than anything else. It has outweighed 
the serious objection that when vessels of extreme 
proportions are disabled they become helpless and 
unmanageable, and very liable to founder. Yet 
when the prevailing idea as to economy of propul- 
sion is proved to be fallacious, it does not follow that 
we shall return to short ships, or that in all cases 
the dimensions of steamers will, or can judiciously, 
be kept within what are now usually deemed “ easy 


proportions.” Mr. Froude raises the question fairly 
when he says “the limitation of draught forbids 
tion of 


neers ose of dimension except in the di 
length,” and his assertion that the opening of the 
Suez Canal has done much to emphasise the limita- 
tion of draught is quite correct so far as vessels of 
large size in the India and China trade are con- 
cerned. 

Even in the large steamers such as those engaged 
in the Atlantic passenger trade, the draught of water 
is already as much as it can be with convenience and 
safety. And owing to the 'tween decks being taken 
up for passenger accommodation the cargo has all 
to be stowed comparatively low down in the vessels, 
and they are, therefore, able to stand up, and have 
sufficient stability to insure steadiness at sea with a 
comparatively small beam. If it were attempted to 
reduce the length much and increase the beam for 
the purpose of ater economy of propulsion, in 
accordance with Mr. Froude's conclusions, the 
vessels would, in all probability, become too stiff, 
since the depth cannot be increased and the vessels 
would become liable to heavy rolling and great un- 
easiness at sea. Still more so with the largest 
steamers employed in the Eastern trade. They are 
tied up for draught of water owing to the Suez 
Canal, and cannot increase their beam at the ex- 
pense of their length, in spite of increased economy 
and increased handiness, focntae such a step would 
injuriously affect their behaviour at sea in respect 
of rolling. With medium sized and smaller vessels, 
the case is different, because in the East India and 
North Atlantic and some other trades their present 
draughts could be increased, and therefore the 
vessels could be made shorter, broader, and deeper, 
without any impediment, and they would doubtless 
gain thereby in economy of propulsion as well as in 
handiness and safety. The following difficulty 
arises, however, in many cases, and it is by no means 
asmall one. Such vessels might and do have at 
times to seek new employment in other perhaps" 
— trades, and then their increased depth and 

ught of water might prove a most inconvenient 


impediment to them. Moreover, if they could not 


be shifted from trade to trade in this way accord- 
ing to the fluctuations of trade, their marketable 
value would be seriously impaired, and this is a con- 
sideration which cannot usually. be lost sight of. 
Again, many vessels trade regularly to ports where 
the draught of water is limited, and in their case, 
as in the largest steamers, increase of size cannot 

ibly take any other form than increase of length. 
We therefore entirely agree with Mr. Froude’s 
suggestion that ‘‘ the prevailing tendency to great 
length, including a long parallel middle body, is a 
fair result of ‘natural selection ;’ and this form, if 
rationally treated, is perhaps under the conditions 
indicated, the best adapted for commercial success, 
though where deep draught is unobjectionable a 
shorter form with no parallel middle would be un- 
questionably superior.” Mr. Froude’s investigations 
will unquestionably tend to check ‘‘ unnatural selec- 
tion” in this direction, and as such their influence 
will be of great practical importance. 


THE PATENT OFFICE. 

WE announced a fortnight ago that Mr. Mundella 
would ask the Attorney-General whether he would 
lay on the table of the House of Commons a certain 
report on the Patent Office, drawn up by the Master 
of the Rolls and the Permanent Secretary of the 
Treasury. It happened that the House did not sit 
on the day fixed for the question, and the matter 
seems to have dropped so far as Mr. Mundella is 
concerned, The question of this report has, how- 
ever, been raised in a slightly different form by Mr. 
Samuelson, and on Tuesday last heasked the Secretary 
of the Treasury ‘‘ whether itis true that a Committee 
of the Treasury has recently considered and reported 
on the Patent Office Museum; whether it is a re- 
commendation of that Committee that all objects 
not patented, irrespective of their importance as 
illustrations of the progress of science and invention, 
shall be excluded from that museum ; whether he is 
aware that the collection of all patented inventions 
at Washington is stated by the American Com- 
missioners of Patents to be of little or no service ; 
whether, in the Loan Collection ot Scientific Ap- 
paratus now exhibited at South Kensington there 
is any separation of patented from non-patented 
objects; and, whether such separation is not op- 
posed to the fourth a of the Royal Commision 
on the Advancement of Science, which recommended 
the formation of a general collection of physical and 
mechanical instruments under the authority of a 
minister of state.” 

Mr. W. H. Smith admitted in his reply that a 
Committee of the Treasury had recently considered 
and reported on the Patent Office and Museum, but 
the report was confidential, and intended for the in- 
formation of the heads of departments and the 
Government. Having laid down the proposition 
that it was ‘‘a breach of official confidence to make 
the contents of such documents known,” unless they 
had been laid before Parliament, Mr. Smith pro- 
ceeded to commit such a breach by informing the 
House that it was ‘‘a recommendation of the Com- 
mittee that non-patented inventions should be 
excluded from the museum, because the museum 
is intended to be ancillary to the Patent Office 
Library, and both museum and library to be 
ancillary to the business purposes of the Patent 
Office.” Mr. Smith does not foresee the capacity of 
saying much and telling nothing, and his reply 
renders it perfectly evident that this report ought 
to be made public. It may be true that the publica- 
tion of such reports “largely interferes with their 
utility,” and we may add Sith their powers of doing 
mischief. It is well known that the Patent Office 
has been doing excellent work, and has afforded 
many facilities to inventors outside the provisions of 
the statute. Any attempt to limit these facilities 
must be resisted to the utmost. This is quite apart 
from the question of the Patent Bill, but we are 
lost in astonishment at the conduct of an administra- 
tion which with one hand seeks to create an establish- 
ment, which must be highly scientific, for the pur- 
pose of examining applications for patents, and with 
the other issues a report refusing to recognise the 
Patent Office as a scientific department. There is 
something so inconsistent about all this, and the 
Government is so obviously anxious to conceal some- 
thing, that an effort should be made to get the 
report laid upon the table of the House and printed. 
The idea of a “ secret” or “‘ private” report by public 
functionaries about a public office supported by 
public fands is ridiculous. 

A ph is going the round of the papers to 











the effect that the Patent Office Library is to be 


transferred toSouth Kensington, to form the nucleus 
of the proposed National Library of Science, and 
we must say that Mr. Smith’s reply gives a great 
air of probability to the rumour. We must reserve 
our observations on the proposed transfer for a 
future occasion, 

The change in the mode of printing the patent 
specifications, to which we alluded as far back as 

ebruary last, and again in our article of last week, 
will be commenced the Ist of July next, and an 
order has been issued by the Commissioners direct- 
ing that ‘The extra copy of drawings [of both 
provisional and final specifications] must be made on 
good white smooth-surfaced drawing paper of the 
same dimensions as the parchment drawing, [or 
paper drawings in the case of provisional specifica- 
tions]. All the lines of the drawing must be abso- 
lutely black, Indian ink of the best quality to be 
used, and the same strength or colour of the ink 
maintained throughout the drawing. Any shading 
must be in lines, clearly and distinctly drawn, and 
as open as is consistent with the required effect. 
Section lines should not be too closely drawn. No 
colour must be used for any purpose upon this 
drawing. All letters and figures of reference must 
be bold and distinct, the border line of the drawing 
to be one fine line only. This drawing must not be 
folded, but must be delivered at the office of the 
Commissioners either in a perfectly flat state, or 
rolled upon a roller, so as to be free from creases or 
breaks, In all cases where the original drawing is 
coloured there must be left, in addition to the above 
copy, another copy coloured.” It is also requested 
that ‘‘all specifications and drawings filed in pur- 
suance of letters patent should be left at the office 
of the Commissioners at least six days before the 
expiration of the term for filing the same in order 
that the officers may examine the copy of the draw- 
ing and ascertain that it has been prepared in con- 
formity with the rules.” For the comfort of those 
who see in this a shortening of the statutory period 
of provisional protection, we may say that as it is 
merely signed by the clerk to the Commissioners 
and not by the Commissioners themselves, it is 
ulira vires, and is of no legal obligation. 

We are entirely in the dark as to the reasons 
which have led the Commissioners to make so sweep- 
ing a change in the mode of reproducing the draw- 
ings. So far as we are aware there has been no 
complaint against the present system, which is as 
nearly perfect as can fe. The drawings are well 
executed, they are cheap, and they are absolute 
fac-similes of those filed by the inventor. ' Perhaps, 
however, the “secret” report might thréw some 
light upon the reasons for the adoption of a system 
of microscopic photography. ‘The Commissioners 
are no doubt acting in perfect good faith, but it is 
equally certain that they are acting in entire ignor- 
ance of the real requirements of patentees, and the 
comtemplated change in the production of the draw- 
ings deserves to be resisted to the utmost, 

We must not omit to state that under the new 
regulations the patentee will be relieved from the 
burden of filing an abridgement of his provisional 
specification. As the Times very truly remarks, 
‘this will be a slight relief to inventors, and it is 
only the official acknowledgment of a fact that has 
long been obvious to all concerned, that these so- 
called abridgments were quite useless for apy 


purpose whatever.” 
INDIAN RAILWAYS. 


Tue construction of lines in British India has 
received a fresh impetus in consequence of the com- 
mencement of the State lines of which we have so 
frequently spoken. The Anglo-Indian Treasury 
is not very well peatees with the guarantee system, 
but the relative cheapness of rails and the adoption 
of a lighter system of construction have encouraged 
the Anglo-Indian authorities to proceed with the 
establishment of a number of lines, which, while they 
will develop the resources of various districts, will 
alse act as feeders to the guaranteed and already 
established networks. Altogether, 8640} miles of 
line had been officially authorised in British India at 
the close of 1874; and of the lines thus sanctioned 
6272} miles had been opened for traffic at the same 
date, a double set of rails having been laid down on 
727 miles. It will be seen that in December, 1874, 
some 2158 miles of authorised line remained to be 
completed, the South Indian figuring among the un- 
completed lines for 424 miles; the Punjaub Northern, 
for 329 miles ; the Indus Valley, for 598 miles; the 
British Burmah, for 160 miles ; and the Oude and 











Rohilkund, for 156 miles. Since the change effected 
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in the Government of aw on the nem a the t 
mutiny of 1857-8, rapid progress en e in 
the establiahment of indian railways. ‘‘ The Com- 
pany” pottered sadly over the work of railway con- 
struction ; and had it continued the governing power 
in British India, it is doubtful whether even now there 
would have been an unbroken iron-way from Cal- 
cutta to Delhi. But the mutiny swept away the 
Company with the force of a torrent; it opened the 
eyes of Anglo-Indian statesmen ; it attracted the at- 
tention even of a Parliament far too much inclined 
to be indolent and somnolent when the affairs of our 
vast Eastern dependencies come under consideration ; 
and it brought India more than ever under the direct 
Government of the Crown. At the close of 1853, 
British India had 2] miles of railway; and at the 
close of 1856, the corresponding total had been 
sluggishly carried to 274 miles, When the mutiny 
died out in 1859, the English may be said to have 
set to work in earnest to endow India with some 
main arterial railways, and at the close of 1861 the 
aggregate length of completed line had expanded to 
1581 miles. At the close of 1866 it had been further 
carried to 3568 miles; while at the close of 1871, it 
had risen to 5078 miles. Our review of progress 
bravely achieved has now been brought down to 
times quite recent, and we need scarcely recapitulate 
or repeat the statistics already given for 1874. 
Those for 1875 arenot yet available. 

The difficulties of the Anglo-Indian railway en- 
gineers may almost be summed up in one word, 
“bridges.” Itis no easy matter to construct the 
bridges which carry the railways of British India 
over the wide streams which intersect the country ; 
but, perhaps, it may be very fairly said, that it is a 
still harder task to maintain them when made. Thus 
in dealing with the construction of the Punjaub 
Northern Railway, the attention of the engineers 
concerned was principally occupied last year with 
large bridges over the Ravee, the Chenaub, and the 
Jhelum, As regards the lines already in operation, 
the floods of last year—and by the expression last 
year we mean the official year, 1874-5—were un- 
usually severe; and the system of the Madras Rail- 
way Company suffered most seriously. On the 
north-western line of the Madras, extending 110 
miles between Gooty and Rajampett, the inunda- 
tions may be said to have swept everything before 
them. Four large bridges which spanned the 
Paupugnee, the Cheyair, the Chittravutty, and the 
Pennair rivers, most of them constructed of girders 
supported on iron screw piles, were either wholly 
or partially destroyed. hese rivers and their 
feeders are dry for several months in each year, but 
in the monsoon they swell to a width of from a 
quarter to three quarters of a mile ; and with a heavy 
rainfall, like that of October, 1874, they rush with 
irresistible force, and scour the beds to a great 
distance when any obstruction occurs in their 
course, The Paupugnee bridge consisted of ten 
140 ft. iron girders placed on 19 piers at a distance 
of 70 ft. apart, its whole length being thus 1900 ft. 
This bridge was broken in several places by a 
furious current running at the rate of 40 miles per 
hour. The chief causes of the failure of the bridges 
on the Madras system were insufficiently deep foun- 
dations in the beds of the rivers and inadequate 
waterway. The remedial measures which have been 
adopted comprise protective works formed with 
walls, curtain walls, stone pitching, and rubble stone, 
and in some cases large additions to the waterway. 
That bridges are a most formidable matter to the 
Indian railway engineer will be at once seen 
in the fact that there are 13 such structures on 
Indian lines which are each upwards of 3000 ft. 
in length. On the East Indian Railway a bridge 
over the Jumna at Allahabad is 3080 ft. long, 
and its construction cost 66/. per foot, the depth of 
the foundations being 40 ft. below low water. 
Another bridge over the Soane on the same line is 
4536 ft. in length; but as its foundations are not 
carried to such great depth, its construction in- 
volved much less cost. On the Scinde, Punjaub, 
and Delhi Railway, a bridge over the Sutlej, at 
Loodianah, is 6456 ft. long, but it was a compara- 
tively cheap work. The Great Indian Peninsula 
Railway has a bridge 4060 ft. long, at Toongabudra ; 
this bridge rests on rock, and its construction was a 
comparatively inexpensive matter. The Nerbudda 
bridge, on the Bombay, Baroda, and Central India 
Railway, is 4187 ft. long; its foundations average a 
depth of 37 ft. below low water, and its cost was 
something over 58/. per lineal foot. The South 
Bassein bridge on the same line, is 4312 ft. in length ; 


its foundations average 42 ft. below low water, 





but it was, nevertheless, constructed with compa- 
rative cheapness. The Chenaub, the Jhelum, and 
the Sutlej (Bhauwulpoor) bridges on the Northern 
Punjaub Railway—to which allusion has already 
been incidentally made—are most formidable works 
of art. The Chenaub bridge is 9088 ft. in length, 
and its foundations are carried down 75 ft. below 
low water. The Jhelum bridge is 4875 ft, a iesigite 
and its foundations are carried down 30 ft. below 
low water. The Sutlej (Bhauwulpoor) bridge is 
4224 ft, in length ; its foundations are carried down 
no less than 100 ft. below low water, and its cost is 
estimated at 46/. per lineal foot. When one begins 
upon the fruitful topic of Indian railways, it is 
difficult to know where to stop. Perhaps we may 
have something more to say upon the subject upon 
a future occasion. 








THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 
Tue Historic MACHINES. 

Nor the least interesting part of the Exhibition at 
South Kensington is the collection of historic ma- 
chines, placed chiefly in the room set apart for ‘‘ Ap- 
plied Mechanics.” Many of these are old friends, 
moved across from their usual dingy haunts in the 
Patent Museum ; but familiar as they are to us the 
feeling is still almost irresistible that one should lift 
one’s hat in passing them in token of respect both 
to their designers, the men who laid the very founda- 
tions of our profession, and to the queer old con- 
structions themselves, which in picture or reality 
have been the friends of all our generation of engi- 
neers since their boyhood. ; 

Uf some of these machines we need say nothing, 
the “‘ Rocket,” ‘‘ Puffing Billy,” the ‘* Comet’s” en- 
gine, and Bramah’s press, for instance, which stand 
side by side on the floor of the hall; but some of 
the others are less familiar, and require more than 
a mere mention. First among these comes the 
cylinder of Papin’s great but never completed engine, 
which has been sent over from Cassel, where it has 
for’some time stood in the court-yard of the Museum, 
This cylinder is about 50 in, in diameter and 50 in. 
high, its thickness being about five-eighths of an inch, 
and it was cast in 1699. It is a really notable me- 
morial of that strange wandering genius, to whom 
we owe so much (for the piston was introduced by 
him), and who died at last, penniless and unfortu- 
nate, in our own country. 

Not far from Papin’s cylinder stands a model of 
the engine of his more fortunate successor New- 
comen, lent by the Council of King’s College. This 
model, the form of which is familiar to all from illus- 
trations of the engine, has a copper boiler, and a 
cylinder of sheet brass about 2} in, diameter by 6 in. 
stroke, and is arranged on a wooden frame. It is 
believed to have been Newcomen’s own model, and 
formed a part of the collection of King George 
the Third which was presented to King’s College. 

A few wooden models of Watt's have had a Fagan 
for a long time in the Patent Museum, ‘These 
models (which illustrate the mechanisms proposed 
by him instead of a crank) have been brought over 
to the Exhibition, and placed besides a very large 
number of others sent by Mr. Gilbert Hamilton. 
Notable among these are a ‘‘ Bull” pumping engine, 
and an engine with a T-ended beam, having two 
separate connecting-rods, and intended for driving 
the shafting of two separate mills, There are a 
number of modifications of the sun-and-planet gear, 
including one in which the connecting-rod carries an 
elliptic annular wheel, but we miss one interesting 
form (which is illustrated by Muirhead in his “ In. 
ventions of James Watt”), in which the arm carry- 
ing the outer wheel is dispensed with, and its place 
supplied by a groove in a flywheel revolving with 
the shaft. 

A machine which will no doubt excite very con- 
siderable interest, is the little engine made by 
William Symington for driving the now historic 
pleasure boat of Mr. Miller on his lake at Dals- 
winton. We do not remember that this engine— 
which has been lent to the Exhibition by Mr. 
Bennet Woodcroft—has ever been illustrated. It 
has two vertical single-acting cylinders (of brass), 
standing side by side, their piston rods attached to 
the two ends of a long chain carried round a central 
pulley (above and between the cylinders), round 
two more horizontal pulleys which were upon the 
shafts of the two . ee wont vr) by 
means of guide pulleys, alo e whole len 0. 
the engine, in one piece. ‘The pistons, which are 


about 4in, in diameter and 15 in. stroke, are 


singio-atting and act alternately, the whole chain 
being pulled first in one direction and then in the 
other. By means of a clutch arrangement the 
paddle shafts receive motion from it in one direction 
only. The valves are worked by a plug rod driven 
by a chain from the central pulley. This queer 
contrivance, the ‘ nt of modern steam naviga- 
tion,” was finished in 1788, and drove the little 
double pleasure boat (25 ft. long and 7 ft, beam) on 
which it was placed at the rate of five miles an hour. 
Among the other exhibits of historic interest in this 
section may be mentioned two models of Stirling’s 
air engine, made by the inventor, and belonging 
to the Universities of Edinburgh and Glasgow re. 
spectively ; the original model of Trevithick’s locomo- 
tive, lent by Mr. Woodcroft; a very old model of 
Savory’sengine, lent by the Council of King’s College; 
a sketch madein 1842, by Mr. William Howe, of the 
link motion, with a little rough wooden model of it 
made soon after; aset of (eight) models of Brunel’s 
celebrated block-making machinery, lent from the 
Royal Naval Museum, Greenwich ; a “steel mill,” 
such as was used for producing light in coal mines 
before the introduction of the vaya | lamp, sent by 
the North of England Institution o Mechanical and 
Mining Engineers; and a model of Cugnot’s steam 
carriage (1769), which succeeded a century ago in 
ing four ngers at the rate of 2} miles an 
hour in stages of from 12 to 15 minutes, lent by the 
Conservatoire de Arts et Métiers, This list by no 
means exhausts the interesting catalogue of historic 
machines and models in this section, but only indi- 
cates the more important of them. The modern 
exhibits in the same place we shall have something 
to say about in another article, 


Tue Berwin Kinematic MopEts. 

The name of Professor Reuleaux is already toler- 
ably well known in this country as that of the 
author of Der Constructeur, a book which ought 
long ago to have been translated into English, as 
we are glad to understand the new edition of it is 
to be, Professor Reuleux has been for a long time 
the director of the K6nigliche Gewerbe-Akademie 
in Berlin—a polytechnic school having some 800 or 
900 students—and has there been working out 
during a number of years the theory of machines 
which he published lately in the Berliner Verhand-» 
lungen, and last year in a separate work, which may 
be known to some of our readers, the Theoretische 
Kinematik. He has formed, for use in his classes 
an immense collection of kinematic models, and 
some 300 of these (being, we understand, about a 
third of the whole), have been sent over here for 
exhibition, and form one of the most interesting 
portions—at least to engineers—of the whole col- 
lection, These models were recently described at 
one of the conferences in BS ons read by Pro- 
fessor Kennedy, and as we shall shortly be able to 
ee this it will be enough here to indicate 

riefly their nature. 

The models exhibited are all intended for edu- 
cational purposes, as we have already mentioned, 
and they may be roughly divided into two classes. 
One of these, numerically perhaps somewhat the 
larger of the two, consists of ‘parallel motions,” 
curve-tracing apparatus, couplings, engaging and 
disengaging gear, cam trains, escapements, and so 
on, which do not differ greatly in kind from former 
models of similar apparatus, although in complete- 
ness and beauty of execution they probably exceed 
anything that has previously been done. The 
greater part of them have been made by special 
model makers in the workshops of the Academy, 
The other class of models, however, although as a 
whole less complicated than those we have men- 
tioned, and in some respects not so striking, con- 
tains those which are of the greater interest, as 
being in many respects novel, and also directly con- 
nected with Reuleaux’s treatment of the theory of 
very briefly stated, th pal points illustrated 

Very briefly s , the principal points i at 
or dunlieted ty the models are as follows: Me- 
chanisms consist ultimately of ‘pairs of elements,” 
bodies having such geometric forms that each allows 
to the other at one instant one relative motion, and 
only one. ‘These pairs may be either ‘‘ lower,” 
like a screw and nut, a pin and eye, &c., in which, 
if one element be fixed, every point in the other 
describes similar paths, helices, circles, &c., as the 
case may be; or oe may be “higher,” in which 
each point has a different but equally determinate 

th, these paths being often curves of considerable 
om A mechanism consists proximately of 





‘Tinks? —bodies (generaily rigid) containing two or 
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more elements of as many different pairs—chained 
together. The constructive form of these links is 
immaterial, but the (absolute) motions occurring 
in the mechanism depend entirely upon the par- 
ticular link which is fixed or made stationary for 
the time being. The models show how the driving 
train of a direct-acting engine, that of an oscilla- 
ting engine, and ordivary ‘‘ quick return” motion, 
and many others, are all formed from the same com- 
bination of links, altered only in the choice of the 
fixed link, and giving to the others somewhat dis- 

i forms. A number of models of rotary 
engines show how in them the same mechanism, 
that of the common direct-acting engine, has been 
used again and again, altered (greatly for the worse) 
constructively, but tzaltered ki a in spite 
of the ‘‘ rotation” which is supposed to distinguish 
one from the other. Other models illustrate a 
theorem of Poinsot, developed and utilised in a 
very beautiful manner by Reuleaux, that the relative 
motion of any two bodies may be represented by the 
rolling of two curves (one supposed to be connected 
with each body) upon each other. The point of 
contact of these curves is the instantaneous centre 
for the motion, and each curve is itself the locus of 
the instantaneous centres of the motion of the body 
to which it does not belong relatively to the one 
with which it is connected, The rolling of these 
curves is very beautifully shown by the models, 
without which it becomes often somewhat diffi- 
cult to realise. The curves’ are ealled Polbahnen by 
Reuleaux, and have received in English the name 
of Centroids. A number of models, lastly, have been 
designed by Reuleaux to show how fluids can be 
treated in mechanism. He points ‘out that in in- 
cluding ropes and belts, as we always do, in me- 
chanism, we presuppose always the existence of 
certain external forces so acting as to secure their 
molecular stability ; a rope cannot be used in a 
machine, for instance, unless it be kept stretched. 
By making just the same assumption we can at 
once admit fluids into “pure mechanism.” It is 
necessary only that they should be always used in 
compression, and that, by enclosure in suitable 
vessels, that compression should be supplied in 
directions other than the direction of motion, A 

_ pneumatic bell, for instance, and a bell rung by a 
‘cord, are precisely similar contrivances, In the one 
the bell may be rung by putting an enclosed column 
of air in compression—by extending the column no 
result is obtained; in the other the bell may be 
rung by putting a cord or wire in tepsion—by com- 
pressing it things remain unaltered. Engineers 
certainly make use of the idea, without perhaps 
very distinctly recognising it, frequently enough. 
Reuleaux, however, goes further than this, and after 
showing how fiuids can be used in machines, under 
proper conditions, just as freely as rigid bodies, 
points out that a column of fluid, with valves, is 
absolutely analogous to a ratchet bar or wheel with 
its clicks or pawls. It is not very possible to have 
steam engines or pumps at work in a lecture-room, 
but there is no difficulty about ratchet gear, and 
accordingly he has had a set of ratchet steam en- 
gines made representing the whole development of 
valve gear from the days of Beighton to the present 
time, They can, of course, be used in a class quite 
easily, and must be exceedingly effective for the 
pur for which they are intended. The largest 
model is one of a double-acting horizontal engine, 
and is arranged to be fitted either with single 
eccentric, common reversing link, or Gooch’s link at 
pleasure. The whole effect of linking up and re- 
versing can be shown, and the action of the valves 
closely followed, The driving column of steam is 
represented by ratchet wheels, the driving energy 
being supplied by a weight. 

We have said enough to show that these models 
possess no ordinary interest to the engineer and 
mechanician. We are very glad to hear that there 
is a probability of some or the whole of them being 
purchased for the Museum. It would be a pity if, 
once here, they were allowed to go away again, We 
should add that Herr Kirchner, of the Berlin 
Academy, is here in charge of them, and inquiring 
visitors to the Exhibition may rely or receiving 
from him all information about the collection which 
it is in his power to give. 

Puysics (MOLECULAR Paysics). 

In the section of Physicsare grouped together in- 
struments ae the early stages the sub- 
oe progress of the three branches, heat, sound, 
an — er and ye doubtless 
bel te : ‘ . lene 
their separation, however, is easily explained by the 








rapid development these subjects have taken within 
the last few years, as wellas by the innumerable 
practical applications that have been made, and the 
consequent accumulation of instruments illustrating 
these various ye 

The locale allotted to this department is not 
very extensive; but it is well filled, we might say 
overcrowded, with instruments of demonstration as 
well as of original research. Some bear the un- 
mistakable impress of time, whilst others are still 
radiant with brightness of their first polish. 

On entering this gallery, the first group that 
must, from its very position, attract attention is 
that which associates the immortal names of Otto 
von Guericke and Robert Boyle. In close proxi- 
mity stand their two air-pumps. The onea rude, 
clumsy-looking contrivance somewhat analogous to 
&@ common pump, whilst that of the English philo- 
sopher does not differ much in appearance from the 
double-barrel pumps of recent construction. Von 
Guericke’s receiver consisted of a globe of copper, 
provided with a stop-cock, by means of which it 
might be connected with the pump. The barrel of 
the latter was entirely immersed in water, in order 
to obviate the deficiencies in the fitting of the 
piston. The receiver being filled with water, the 
stop-cock was adjusted, the liquid was pumped out, 
and a vacuum produced. This air-pump was ex- 
hibited in 1654; that of Boyle was lite bey Hooke, 
his assistant, in 1658, and presented to the Royal 
Society in 1662. In the lower part of the case that 
encloses these precious instruments are two large 
hemispheres ; but rough-hewn as they may be, they 
nevertheless possess a charm that must elicit special 
notice from the visitor, They are the very hemi- 
spheres with which the oft-foiled but persever- 
ing Von Guericke made his famous experiment in 
1654. In presence of the Emperor and the princes 
and nobles of Germany assembled at the Diet of 
Ratisbon, these hemispheres were exhausted, ropes 
were then fastened to them, and the strength of 
two teams of twelve horses proved insufficient to 
separate them. To complete the halo of interest 
that encircles this venerable relic, a small portion 
of the traces used on that ever memorable occasion 
is tied to one of the hemispheres. These are of 
copper and 20 in. in diameter, their sectional area 
being thus 314 square inches. Assuming that Von 
Guericke was able to produce an exhaustion of 
about 13 lb per square inch, the nemispheres were 
bound together by a pressure of about 36} cwt. 

As we have just said, Von Guericke made his 
vacuum by arg | the receiver with water and then 
pumping out the liquid; Boyle obtained his directly 

y exhausting the air. It is worthy of remark that 
the vacuum of the former was better than that of 
the latter, although for many years the exhausted 
state of the receiver was known throughout Europe 
as the “* Boylean Vacuum.” ‘This was misleading, 
and may have given rise to the erroneous opinion 
that Boyle was the inventor rather than the im- 
prover of the air-pump. 

In the air-pump of Van Muschenbroek—of the 
Leyden jar celebrity—we find many improvements 
upon its prototype. The pump barrel is inclined 
at an angle of 45 deg., a horizontal cylinder follows 
and fits inte a vertical tube connected with the 
receiver. The piston was worked by a rack and 
pinion. The two hemispheres of this philosopher 
rest at the base of hisinstrument. They are in brass 
and scarcely half the size of those of Von Guericke. 

Abbé Nollet’s air-pump deserves notice. The 
barrel is vertical, the receiver is adjusted to the top, 
and the piston is worked both by the hand and the 
foot. By placing the foot in a terminal stirrup the 
piston is forced down ; the up-stroke is effected by 
applying the hand to a similar appendage attached 
laterally to the piston rod. This aparatus is quite a 
contrast to all its surroundings by the elegance of 
its form and the superabundance of its gilt orna- 
ment. It looks as though more intended for the 
amusement of a knot of femmes savantes than for 
deep research in the laboratory of the physicist. 

In still greater contrast are the highly finished 
air-pumps contributed by such excellent makers as 
Spencer and Sons, Dublin, M. Deleuil, of Paris, 
Rohrbeck, Luhme, and Co., of Berlin, &c. That of 
M. Deleuil the singular advantage of dis- 
pensing with all packing and lubricating substances. 
A thin layer of air fills the space between the piston 
and the cylinder ; but owing to the internal friction 
of the air in this confined space, the rate at which 
it leaks into the receiver is much less than that of 
exhaustion. : 

The original method of Torricelli for producing 





vacua is algo beautifully illustrated by fine models 
of ngel’s mercury pump, as well as of the various 
m cations introduced by Dr. Joule, of Man- 
chester, Dr, Geissier, of Bonn, and Professor Von 
Jolly, of Munich, © - ‘ 

The visitor who has the leisure will find:much 
pets and intellectual enjoyment in tracing ,the 

tory and progress of the air-pump from the rude 
suction tube that exhausted the om of 
Magdeburg down to the latest specimen of the 
Torricellian principle, which furnishes us with so 
beautiful a variety of yacuum tubes. 

Among the applications of the air-pump which we 
find illustrated in this section, we should mention 
the freezing apparatus of M. Carré, It is based 
upon the principle of Wollaston’s cryophorus, viz., 
the freezing of water by itsown evaporation. Itcon- 
sists of a long leaden cylinder containing a quantity 
of sulphuric acid. A large glass flask containing the 
water to be frozen is connected with one end of 
this chamber by a vertical tube. Another tube con- 
nects the opposite extremity of the leaden chamber 
with an air-pump. By exhausting the air, the water 
begins to evaporate, thus giving up a consider- 
able amount of heat. The rapidity of eyaporation 
is greatly increased by the immediate absorption of 
the vapour by the sulphuric acid, and thus in a few 
minutes a large mass of ice is produced. M. Carré 
exhibits three of these apparatus, one of which 
mem at certain hours, be seen in action. 

e kindred subject of compression derives much 
interest from the presence of two of the original sets 
of apparatus used in researches upon this somewhat 
congmnons branch of molecular physics. The first 
is that made by Thilorier in 1857. It consists of 
two iron vessels strengthened by wrought-iron 
hoops, Within one, the generator, is placed a 
vertical tube open at the top, and containing 
sulphuric acid. Around the base of this tube is 
placed a quantity of bicarbonate of soda. By im- 
parting a slight oscillating motion to this generator, 
the sulphuric acid is poured out on the soda, and the 
evolution of carbonic acid begins. The generator is 
then connected by means of a small iron tube with 
the other vessel, within which the gas is ultimately 
condensed by its own pressure. As a pressure of 
70 or 80 atmospheres is sometimes required, great 
care must be taken to test the strength of the 
materials employed in the construction of the vessels. 
The generator and condenser here exhibited are 
2 ft, high and about 4 in. in diameter. 

The apparatus used by Adams in his experiments 
upon liquefaction is placed beside that of ‘Thilorier, 
which it closely resembles in almost every particular. 
The accidents that have happened in the use of 
Thilorier’s method have led to an invention that 
has fairly superseded the latter. It was first pro- 
posed oy Natterer, of Vienna, but subsequently 
modified by M. Bianchi. The apparatus, which is 
rather conspicuous by its size, may be briefly de- 
scribed as consisting of a compression-pump, fitting 
into the upper part of a long solid framework of iron, 
and driven by a crank which is connected with a 
wheel, and may be worked with the hand. The 
carbonic acid is produced in a generating bottle and 
then pumped into an iron reservoir capable of sus- 
taining a pressure of 600 atmospheres. The most 
remarkable liquefaction made by means of this 
apparatus is that of nitrous oxide. When this gas 
was liquefied, it was observed to evaporate slowly, 
producing a temperature of —88 deg. C. 

Another exhibit of very great interest is that by 
means of which Dr. Andrews finally established the 
ingutant principle of the continuity of the liquid 
and gaseous states. It consists of two capillary 
tubes of glass, capable of supporting a pressure of 
500 atmospheres, one of them containing the gas to 
examined, and the other, which acts as a manometer, 
air or apercges. These are connected with copper 
tubes of great strength containing water, and com- 
municating with each other through a horizontal 
tube, The lower end-pieces carry steel screws by 
which the water may be compressed to any desired 
degree, and the consequent phenomena carefully 
observed. . With this apparatus accurate results have 
been obtained up to a pressure of 500 atmospheres. 

Pressure has also been employed for liquefying 
ice, and an apparatus that was used in 1857 for this 
— is exhibited by Professor Mousson, of 

It consists of a strong steel cylinder, 

which is filled with water at the beginning of the 
iment, The latter is allowed to freeze, after 
which the aperture is closed by a cone of soft 
copper subject to the action of a strong screw. On 
the removal of the pressure, the ice will be found 
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reduced to the liqnid state. . This experiment may 
be made with success even at 18 deg. C. 

It was observed about a century ago by Leidenfrost 
that when a few drops of a liquid are thrown upon 
incandescent metallic surfaces, they do not evaporate 
at once, but spread out into flattened globules, in 
other words, they assume what has since been 
called the spheroidal state. This interesting point of 
molecular physics is illustrated by a small apparatus 
contributed by Dr. J. Hoogewerff, of Rotterdam. 

Among the numerous drawings that may be seen in 
this section, we should mention for their historical 
interest a diagram of Von Guericke’s air-pump, 
invented in 1654; the first English air-pump con- 
structed in 1658-59 by Hooke and Boyle; the 
second English air-pump made by Boyle in 1667 ; 
Papin’s air-pump, 1676; Hawsksbee’s air-pump, 
1708 ; and, lastly, a diagram of a Torricellian vacuum, 
1642. 

There is a book in this collection which derives 
— interest from having been edited by Otto 

on Guericke. It contains some details about 
his various experiments, as well as his speculations 
about inter-planetary space. It isin Latin, its title 
is, ‘“‘Ottonis de Guericke Experimenta Nova (ut 
vocantur Magdeburga) de Vacuo Spatio. Primum 
a R. P. Gaspare Schotto e Societate Jesu et Her- 
bipolitanz Academiz Mathesos Professore: nunc 
vero ab ipso Auctore perfectius edita, Variisque alio 
Experimentis aucta. Quibus accesserunt simul certa 
quedam de Aeris Pondere circa Terram, de Vir- 
tutibus Mundanis, et Systemate mundi planetario, 
sicut de Stellis fixis, ac Spatio illo immenso quod 
tam intra quam extra eas funditur,” which may thus 
be rendered ; ‘‘ New Vacuum Experiments of Otto 
von Guericke, edited for the first time by the 
Rev. G. Schotto, S.J., but now edited and augmented 
by various other experiments by the author himself, 
to which are added certain considerations about the 
weight of the atmosphere, the powers of the universe, 
the planetary system, as well as about the fixed stars, 
and the immense space that separates us from them, 
and extends far beyond.” 

This valuable book was printed at Amsterdam 
in 1672. It has been sent by Dr. Lepsius, of the 
Royal Library, Berlin, to whom we also owe the 
air-pump of Von Guericke and the Magdeburg 
hemispheres. 


THE PHILADELPHIA AND READING 
RAILROAD. 

On the 7th of May the Philadelphia and Reading 
Railroad opened for traffic the system of city and 
suburban lines which they have constructed or 
adapted for the accommodation of visitors to the 
Centennial Buildings at Fairmount Park. Within 
the city there are three terminal stations, one at the 
corner of Broad and Callowhill-streets, one at the 
corner of Green and Ninth-streets, and a third at 
Richmond, The first two of these depdts are in the 
heart of the city, and the third is at the east end, 
and near the Delaware, at the points where the 
magnificent coal sidings and wharves are laid out, 
from which the Philadelphia and Reading Company 
ship nearly 3,000,000 tons of anthracite pare to 
all parts of the eastern coasts. This line runs 
diagonally in a north-westerly direction, crossing 
the Schuylkill above Albany Avenue, and join- 
ing @ branch on the west side of the river, running 
into the Exhibition grounds. The length of this 
section is 7.95 miles. To the north a branch from 
this line 5.45 miles long, accommodates the German- 
town and Chestnut Hill traffic, joining the main line 
ata point 4.83 miles from the Centennial Station. 
The railway starting from the corner of Green and 
Ninth-streets also runs to the Exhibition in a north- 
westerly direction, taking its course through the 
crowded streets, along which the trains run, not at 
a high speed of course, but ata rate which appears 
full of danger to the foot-passengers and vehicles 
which pass to and fro by the trains, unprotected 
even by the lightest fencing. - Near Broad-street 
and Lehigh Avenue, a branch leaves this section, and 
joins the Germantown branch, while the main line 
Tuns on as far as Norristown, 19.9 miles from the 
Exhibition, a junction being made at 3.37 miles 
from the ground with the same line that carries the 
Richmond traffic to the buildings. This Norristown 
branch runs on the north side of the Schuylkill, and 
parallel with it, passing through Manayunk, a small 
manufacturing town, and crossing the Schuylkill at 

orristown, where it makes a junction at Bridge- 
ast on the southern side of the river, and runs 

k parallel with the bank to the falls at the north 
end of the Centennial grounds, where there is a 











junction with the common branch that takes all the 
trains to the Exhibition terminus. Finally the 
section starting from Broad and Callowhill-streets 
at a point 3.86 miles from the Exhibition runsthrough 
the streets almost parallel with the Schuylkill 
into the common — line. The whole system 
of new and old lines intended especially for this 
traffic is nearly 60 miles. The number of trains to 
be run daily is as follows : 


From station at Ninth and Green-streets every 30 min. 
Richmond every 35 minutes. 
Broad and Callowhill-streets every 25 
minutes. 
m= », Chestnut Hill every 40 minutes. 
Frequent trains will also run from Norristown 
and Bridgeport. The concentration of all these 
trains at the Centennial depdt will create a heavy 
traffic, but means are provided for efficiently deal- 
ing with it. The depédt is situated close to the 
boundary fence of the Exhibition grounds, on the 
west bank of the Schuylkill, and about 300 yards 
from the eastern front of the Art Building. A plat- 
form 1315 ft. long and 20 ft. wide will receive the 
passengers of arriving and departing trains, a siding 
of 500 yards having been laid by it on the west side 
of the mainline. In the middle of its length, the 
platform is roofed over for about 100 yards, and a 
wide stairway leads up to the booking office, waiting- 
rooms, &c. The station building is a simple tempo- 
rary structure, well adapted for its purpose. Th 
fares charged for conveying Centennial passengers 
will be very moderate, and the convenient system is 
adopted of selling a number of tickets at a reduced 
rate. This will save the passenger the trouble and 
annoyance of stopping to purchase his ticket at each 
journey, and the traffic arrangements will be much 
facilitated. ‘The railway company undertake by the 
system of lines we have described to convey each 
way 75,000 passengers daily in each direction. If 
they can do this business, and if they can get it to 
do, their enterprise will be well rewarded, and the 
Exhibition will prove a grand financial success, 
For the Pennsylvania Railroad will carry also a large 
number of passengers, and the horse cars to the 
grounds will be running during the busy hours 
every half minute, while the wagonette service is 
being rapidly developed. ‘The real difficulty pro- 
bably will be, not how to convey passengers to the 
Exhibition, but how to supply the demand for 
passengers on the part of the various services if the 
programnie of the latter be fully carried out, 
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THE ARTISANS’ DWELLINGS ACT. 

WE are glad to see that the above Act is being 
rapidly pushed into operation, as it is perhaps one 
of the most valuable measures that Parliament has 
sanctioned. It may be briefly described as providing 
means by which corporations and analogous local 
authorities may secure, at a comparatively small 
legal expense, ground on which to erect improved 
dwellings for our working classes, and remove the 
abominable rookeries they now reside in. There 
can be no doubt that the moral and physical status 
of our working population will thus be greatly im- 
proved, and their sanitary condition much amended. 

At the present time two important schemes 
founded on the Act are before the Local Govern- 
ment Board for confirmation. Commencing with 
the metropolis, one scheme relates to the White- 
chapel and Limehouse districts, the chief localities 
of London labour in regard to manufactures. The 

lan has to deal with an area of nearly seven acres, 
we about 450 dwellings and nearly 5000 inhabi- 
tants. It appears that in this thickly populated 
district the death-rate in the worst parts ranges from 
38 to 41 per 1000, while the more healthy portions 
only reach 26 per 1000. This relates to Whitechapel. 
In the Limehouse district it reaches 48 per 1000 in 
the worst, with only 24 in the healthier portions, 
The whole evidence disclosed a state of sanitary 
matters that can hardly be exceeded for evil in any 
part of the United Kingdom. The entire expense, 
according to the plan of Sir J. Bazalgette, will 
cause an outlay of 110,500/., from which, however, 
there would be an estimated return that would re- 
duce the cost to a net amount of 54,500/. 

The Birmingham scheme proposed by the Corpora- 
tion is of a much more extensive character. It com- 
prises an area of 93 acres with about 4000 houses, 
and a population of nearly 17,000 persons, out of 
which nearly 14,000 are entirely of the artisan class, 
Of course such a scheme will necessarily be costly, 
the expense being estimated at something like two 
millions sterling, with a yearly loss of 20,000/., or 


involving a fourpenny rate, It appears that some | ad 





difficulty is expected in getting this scheme within 
the range of the Act, but possibly the Local Govern- 
ment Board may arrange this with a little elasticity 
in their decision. Ifnot, Parliament will doubtless 
aid in solving the question. 

It is gratifying to find that the authorities are 
thus striving in our large towns to improve the 
dwellings of our workmen. We should be glad, 
however, to see a little more activity in this respect 
in Lancashire, the West Riding of Yorkshire, and 
other northern manufacturing districts. Despite 
the present depressed state of trade, there is 
abundance of capital ready for investment, and new 
buildings for workmen cannot fail to be a sure and 
profitable mode of employing capital. The great 
question is to spend such money in an efficient and 
economical manner, and not waste it in useless 
external show. Our operatives want good but not 
ornamental houses. ey want houses not palaces. 
It is well known that the small class of house 
property has long been of the most profitable kind 
to its owners in all large towns, and if new investors 
take a hint from past experience, they may. insure 
dividends as safe as investments in the Funds, while 
at the same time they will confer moral and physical 
benefits on their poorer fellow-creatures, 





Raprp Passage rrom New YorkK.—The White Star 
Line steamer Germanic, which arrived in the Mersey on 
Monday, has just made another of the rapid for 
the frequency of which this line has become so celebrated. 
The Germanic passed Sandy Hook (New York) at 4.50 on 
Saturday, May 20, and arrived off the Fastnet after havi 
made the passage in 7 days 21 hours; her greatest day’s 
run was 375 knots, and her average per day 360.2 knots . 
Her engines indicated 5420 horse power on a consumption 
of 100 tons per day, her displacement leaving New York 
was 9350 tons, and on arrival at Liverpool 7900 tons. The 
performances of this splendid steamer have made her the 
most popular ship in the Atlantic trade, as instanced by the 
large numbers of saloon passengers which she carries, the 
number home on this vo age being 185. To her com- 

. Ke 


mander, Captain Charles mnedy, and Chief Engineer 
Mr. John H. Winning, + praise must be given for the 
excellent results which she has attained. 





Tue Victoria (PHILOSOPHICAL) InsTITUTE held its 
tenth annual meeting at the Society of Arts’ House, on 
Monday evening. The Earl of Shaftesbury, K.G., as 
sident, took the chair. The report stated that since last 
June 115 members had joined, and the total number was 
now 692, The address was given by Professor Birks, of 
Cambridge. Previously to its delivery the President said 
he had a very oe ing task to perform, and that was, on 
behalf of the Institute, to present the testimonial which 
og 4 saw before them te Captain F. Petrie, who had acted 
as konorary secretary and editor of the Transactions for 
the last five years and a half, during which time the Society 
had risen from 200 members to its present strength. The 
testimonial consisted of a purse of 100/., and a dsome 
tea-service and tray in solid silver, the inscription stating 
that it was presented by the President and Council to Cap- 
| F. Pigs ny 1lth ——. testimony ¢ as 

igh esteem, and in recognition o e@ very ene ic an’ 
vignable services he had rendered to the Societ ool hono- 
rary secretary. Among the speakers were — » 
the Right Hon. 8S. Cave,M.P., Mr. M. Stewart, M P., 
Mr. 8. D. Waddy, M.P., Mr. C. Brooke, F.R.S., Mr. 
J. E. Howard, F.R.S., Rev. R. Thornton, D.D., &c. Re- 
freshments were afterwards served in the museum. 


THe Buaxe Stream Fire Enaine.—About eleven 
months since we described and illustrated Blake’s direct- 
acting steam pump, which Messrs. 8. Owens and Co., of 
Whitefriars, were then inteotaang into England. These 
manufacturers have recently completed a steam fire engine 
upon the Blake principle for the Russian Government, as 
well as one for Messrs. Stanley, Jackson, and Co., of 
Melrose Mill, Oldham. The former of these engines is at 
present on trial on the site of the Old City Gas Works, 
opposite Messrs. Owens’ premises in itefriars. As we 
have previously described the Blake pump in detail (vide 
ENGINEERING, July 9, 1875), we need only now mention 
that its special feature is a combination of two slide valves 
which render the action of the pump positive and con- 
tinuous under any pressure and working at any rate of 
speed, fast or slow. The fire engine under notice has a 
14 in. steam cylinder, and 8 in. pump, with a 24 in. stroke. 
It is fitted with a 6 in. suction and a 5 in. delivery, with two 
branches for 2} in. hose. In the present trials two lengths 
of brigade fire hose of that diameter, and 70 ft. long, is being 
used. With 40 lb. steam and the — running at 44 
double strokes per minute, two cael solid streams were 
thrown through 1 in. jets toa calculated height of 130 ft. 
On the jets being changed to 14 in., two excellent streams 
were thrown to a measured horizontal distance of 129 ft. 
The results on the whole were highly satisfactory. This 
engine is to be fitted on board a steamer, and to be used as 
a fire float on the Neva. Messrs. Stanley’s om will be 
used for ordinary pumping purposes, and will always be 
ready for fire extinction if necessary. Many of our readers 
will be aware that the Blake pump is largely used as a fire 
engine in the United States as well as for ordinary pump- 
ing. It is an ingenious and at the same time a simple 
piece of mechanism, and is not calculated to get ly 
out of order. Another advantage is that fire insurance 
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A NEW SYSTEM OF PERSPECTIVE 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION, 
INTRODUCTION. 


(Continued om her 

In order to diminish the number of crossing lines 
on the surface of the picture as much as possible, 
scales are sometimes employed which are taken 
from a plan of the picture made on a separate piece 
of paper, on which the necessary points and lines 
have been determined according to the rules already 
described, and then transferred by means of slips 
of paper marked according to scale to the surface 
of the actual picture; the three scales thus employed 
are called, 1. Echelle des éloignements; 2. Echelle 
des largeurs; 3. Echelle des hauteurs, and the 

rinciples upon which their formation depends may 
be described as follows : 

As all lines parallel in space have a common 
vanishing gre and as the point of measurement 
is obtained by setting off from the vanishing point 
on the horizontal line the distance of that point 
from the station, it will be evident that for the pro- 
jection of any two points situated on parallel lines 
there must be acommon point of measurement, the 
diagonal lines by means of which the projection of 

oints are obtained forming a triangle, the variation 
in the proportion of the segments into which the 
diagonal lines are divided by the projection of the 
parallel lines depending solely on the distance of 
the points in space from the perspective plane, 
therefore when these distances are equal the pro- 
portion will be the same, and the line joining the 
wee ge yes of the two given points parallel to the 

ase of the triangle, and consequently to the hori- 
zontal line. 

Upon this principle the formation of the échelle 
des éloignements depends, and the rule is as follows: 


Fig.7., 
Fig.9. 
Ags F 


\ 
Fig, 8. \ 
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Draw a line through any point given in position 
on a horizontal plan, and from a point assumed in 
any convenient position on the ground line of the 
same plan draw a parallel to it. Project the two 
parallel lines according to rule upon the picture, 
then upon a separate piece of paper representing 
the picture project again the parallel lines, and also 
the given point situated on one of them according 
to rule ; through the projection of the given point 
draw a parallel to the horizontal line, intersecting 
the projection of the parallel drawn from the as- 
sumed point ; it will be evident that by means of a 
slip of paper or otherwise we can transfer the in- 
tercept between the ground line and the point of 
intersection to the corresponding projection on the 
picture of the line drawn from the assumed point, 
and a —_—_ to the horizontal line through the 
point thus obtained will intersect the projection of 
the line forming the locus of the given point in the 
= point of projection. 

f from the assumed point on the separate piece of 
paper representing the picture we raise a perpen- 


Fig, 10. 
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dicular, and then also from the assumed point take 
on the ground line any given horizontal distance, 
and on the perpendicular any given vertical distance, 
and join the two points thus determined with the 
Vanishing point, and lastly draw parallels to the 
perpendicular and the ground line from the point 

ound as already described on the line drawn from 
the assumed point according to the scale of éloigne- 
ment, to meet the connecting lines, the intercepts 
of the lines last drawn between the point and the 
Connecting lines will furnish a measure for horizontal 
and vertical distances equal to those given when at 
a distance from the perspective plane indicated by 


represent the principle of the échelle deslargeurs and 
the échelle des hauteurs. 

It will be evident that the process just indicated 
may be repeated in the three cases for any number 
of points given in position on the same horizontal 
plane, and consequently the divisions thus effected 
on the projection of the line proceeding from the 
pote point on the separate piece of paper, as well 
as on the horizontal and vertical lines, may be sup- 
posed to form three scales for transference to the 
picture. There are certain modifications age err 
upon a reduction of scale in the plans, &c., whi 
we will not enter into here, as the whole matter will 
be found described in detail in a work by J. Kiss, 
entitled ‘‘ Cours Elémentaire de Géométrie descrip- 
tive,” Paris, 1867. ‘The principle of the échelle des 
éloignements is sometimes applied to the formation of 
what is commonly called the perspective chess- 
board. A number of lines at small intervals are 
drawn across the horizontal plan on which the subject 
to be put in perspective is represented parallel and 
perpendicular to the ground line of the plan, so as 
to form series of squares like the squares of a chess- 
board. The parallel and Pog om icular lines are 
then put in perspective on the plane of the picture, 
forming by their intersections series of small per- 
— squares corresponding to the A pete on 
the horizontal plan, the sides of the small perspec- 
tive squares parallel to the ground line of the picture, 
and consequently all proportional subdivisions upon 
them differing only in scale according to distance 
from the corresponding sides and proportional sub- 
divisions of the sides of the squares on the horizontal 
plan, which are parallel to the ground line. Having 
therefore judged by the eye the proportional dis- 
tances of any points produced by the intersection 
of a line of the subject depicted on the ‘horizontal 
plan with the sides of any given square which 
are parallel to the ground line from the extremities 
of such sides, and subdivided the parallel sides of 
the corresponding perspective representation of the 
same square in the same proportions, the subdi- 
visional points will evidently be the perspective 
representations of the two points on the horizontal 
plan. By repeating this process in each square in 
succession we obtain a series of points at small 
intervals from each other, which being joined form 
a caer’ representation of the subject drawn 
on the horizontal plan, This mode of proceeding is 
called craticuler. 

But all these methods involve, more or less, the 
uncertainty and inaccuracy attendant upon the 
drawing of long parallel lines at considerable per- 
pendicular distances from each other. Acute inter- 
sections are always a source of error, and above all 
the crossing and re-crossing of lines upon the surface 
of the picture only to be erased afterwards, the 
erasure destroying, or at least injuring that surface 
which in all kinds of drawing it isso essential to 
preserve. The confusion arising from the crossing 
of lines in different directions when the subject is 
composed of numerous objects at different angles of 
inclination to the perspective plane is very perplex- 
ing, and when the clue is once lost it is very 
difficult to regain it. 

It seems rather unaccountable that the use of 
tables of reference and simple arithmetical calcula- 
tions admissible in all other sciences should be ex- 
cluded from that of perspective. 
These tables can be procured at a very moderate 
price, and a reference to them is attended with 
no greater difficulty than that experienced in looking 
out for a word in a dictionary ; for example : 
Taking D the line of distance or distance of the 
picture ; d the distance of the point of contact from 
the point of sight on the horizontal plan; w the 
angle of inclination of the line drawn through 
the given point with the line of distance ; and w' the 
angle of inclination of the projection of such line to 
the vertical line on the picture; H the horizontal 
distance ; and L the intercept of the line drawn 
through the given point between the point and the 
horizontal line on the plan; S being the segment 
of the projection next the ground line; we have 
D tan. wtd_ tan. w! 
H 
L H sec. w! _ 
(Dsec.w)+L 
Having measured the angle of inclination on the 
horizontal plan of the line passing through the 
given point with the line of distance, by means of a 
quadrant or otherwise, we ascertain the value of 
tan. w, by a reference to atable of natural sines and 
tangents, and at the same time the value of sec. w. 





the position of the given point, The two last cases 





The remaining terms on the left side of the first 


——— being known quantities, we obtain the value 
tan. 2’. 

A second reference to the table giving us the 
value of w' in degrees, minutes, &c., and also the 
value of sec, w', all the terms on the left side of 
the second formula having now become known 
quantities, we can ascertain the value of S. 

The value of the angle w' being now determined as 
well as that of the segment S, we have only in the first 
— to lay off a line on the plane of the picture 
rom the point of contact by means of a quadrant 
or otherwise, making an angle equal to w! with the 
vertical line. This is easily done, as it is only 
necessary to lay the bevelled edge of the quadrant 
to the ground line, the zero to the point of contact, 
and then mark off the — from the centre point 
of the semicircle. The direction of the projection 
being thus obtained, and the value of the segment 
S being known, we have only to lay the latter off 
upon the former from the point of contact by the 
scale when the projection of the given point will 
have been obtained without further lines on the 


picture. 

The upper sign in the first formula is to be used 
when the vanishing point and the point of contact 
are at —— sides of the point of sight on the 
horizontal plan, and the lower sign when they are 
at the same side. 

How the formule have been derived will be 
sufficiently apparent. Having made a sketch of a 
design “according to sentiment,” as it is generally 
called, it is considered desirable that the artist 
should have the — of correcting any errors of 
perspective found to exist in the eye sketch, and 
we therefore give geometrical rules of construction 
for this purpose ; it may be done as follows, without 
any lines of construction. Having measured the 
angle z#' on the picture with reference to the leading 
line of the sketch as well as the distance on that 
line from the base line to the initial point of the 
building or other object =S, we have 


(H tan. w') + d_ (D sec. w) 8 _. 
me meses 5 fi 


and as D is determined by the conventional rule 
that it is to equal a distance between one and three 
times the base line of the picture, we obtain the 
value of w, and L on the horizontal plan correspond- 
ing to the ditection of the leading line and initial 
point of the sketch, and can, therefore, work out 
the remainder of the perspective according to rule, 
making corrections where necessary. Having 
determined the vanishing point of the projection 
of a line forming a given ro with the line of 
distance, we are generally told that in order to 
project a line el to it, it is only necessary to lay 
off a new point of contact corresponding to that 
indicated on the horizontal plan. For the perspec- 
tive ay aperny of all lines in space which are 
llel to each other tend to the same point on the 
orizontal line, therefore it is only necessary to 
draw a line from the new point of contact to the 
common vanishing point, and this is a very simple 
and satisfactory arrangement when we have got the 
vanishing point to draw it to, but when this point 
is situated far beyond the limits of the picture the 
arrangement is by no means so simple or satisfactory, 
and we are again obliged to fall back upon con- 
trivances, the most ingenious and effective of which 
are the centrolineads, one founded upon the prin- 
ciple that all angles in the same segments of a circle 
are equal, and the others upon the principle of con- 
centric arcs,, A full description of ans instruments 
will be found in a descriptive treatise on mathematical 
drawing instruments ~ William Ford Stanley, 
F.S.A., 1868. 
We shall pursue this analysis of the geometrical 
system of perspective, which has been extant so long, 
no further. e believe many are of opinion that a 
system more rapid in execution, more accurate in 
etail, and less complicated in construction than 
that at present employed would be desirable. 
The advantages supposed to be obtained by the 
system we are about to propose may be stated as 
follows: No geometrical constructions whatever, 
either on the surface of the picture or elsewhere, 
are required, and no lines drawn except those 
actually required for the delineation of the objects 
comprehended in the subject to be represented. 
No plans, horizontal or vertical, are necessary, 
except so far as they may be considered as the 
readiest means of exhibiting the dimensions of the 
objects to be putin perspective. These dimensions 
may, if desired, be measured and taken from the 
objects themselves, or determined in the imagina- 





tion of the draughtsman; some dimensions must 
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evidently be decided upon, otherwise we should | tant subject of cast shadows and reflections can be]. -wrveRERMANENT WAY... ... .. 
have nothing to put in perspective. treated by the system proposed in a manner. to.in-} Ar the y- ing of the session of the 


The ion of any ob f or 
cheater —— combination int piece forming a 
subject or composition, when onee effected, combo 
recorded in a small book kept for the purpose by a 
few simple notes, and re uced either in whole or 

when required upon any scale which may be 


esired. 
Having projected an object upon the supposition 
that it is exactly opposite to the eye of the onan 


or in any other position in the picture, we can by 
a very simple process move it to any other position 
a certain given distance, upwards or downwards, to 
the right or to the left, further from or nearer to 
the rver, as well as in any oblique direction 
required, exhibiting at the same time all the changes 
in perspective representation _ ewe upon such 
a change of position; this evidently gives us the 
power of repeating objects once projected at different 
given distances, so as to form a row of columns, of 
chairs in a room, of windows, chimneys, or dormer 
windows on a roof, dentals or supports to cornices, 
compartments of architectural screens, &c., and 
many other objects which are identical in dimen- 
sions, but at different distances and in different 
positions. 

We can by the system proposed subdivide all 
lines perspectively projected, whether droites de front 
parallel to the ae yew plane, or fuyantes tending 
to some vanishing point on the horizontal line, 
according to any subdivisional scale of equal or un- 
equal parts, by merely placing the edge of the scale 
to the projected line to be subdivided, and marking 
the subdivisions from the scale on the line by slight 

mcil dots or crossings. Accordingly there is no 

imit to the minuteness of execution in the perspec- 

tive respresentation of architectural and other 
subjects, except that dependent upon the accuracy 
of hand and eye of the draughtsman, or the time at 
his disposal. In the employment of the old system 
we were always checked when minute work was 
required by the multitude and confusion of the 
crossing lines required. 

We can complete the outline of a near object and 
even all the details, without any anxiety respecting 
the accessory objects to be afterwards introduced, 
which may be gem d hid by the objects first 
completed, but which can be subsequently made to 
appear exactly in their proper relative positions. 

his prevents confusion of lines, the great bar to 
correct and complete ogg oat drawing. 

We can project the height of a figure or the 
dimensions of an animal at any given point of the 
picture, or at any given distance, exactly according 
to scale, without the employment of the scale, 
commonly called the scale of proportion, which 
involves certain guiding lines on the surface of the 
picture, and a certain amount of arrangement in 


order to bring the scale of proportion to bear upon 
the point required. 
If necessary, we could determine the perspective 


foreshortening of the trunks and limbs of human 
beings and animals in all their details. But although 
no lines of construction are required, and conse- 

uently the confusion caused | the crossing lines of 
the present system avoided, still the time occupied in 
such a proceeding would be too long for practical 
purposes; we shall, therefore, confine ourselves to 
the projection of the points called constant points, 
dependent only on the bone formation aud unin. 
fluenced by the swelling or contraction of the muscles 
in action. 

These constant points might be indicated for 
figures in which considerable foreshortening is 
required by dots on the surface of the picture, and 
might be a guide and assistance to the draughtsman 
in drawing the prominent figure or figures in a com- 
position, the more particularly as the modifications 
of perspective consequent upon the perrse f in the 
picture occupied by the figure are provided for ; it 
will be evident that the perspective foreshortening 
of a figure may be perfectly correct a the sup- 
position that the figure is placed in the picture at 
some given lateral distan ce from the point of sight, 
but quite false when the figure is moved right or 
left towards the limits of the picture. Although 
the perspective representation of all the details of a 
human being or animal on the picture, according to 
simply a loss of time, still there may 
be cases in which a y correct perspective 
representation according to lateral distance upon a 
flat surface and scale, if required, of the 
hand or a limb in a difficult position to co y, might 

por- 


be found useful. It will be found that 


sure great accuracy as well as si in, practice. 
We shall now close this list of advantages whic 
we conceive belong to the system we are about to 
describe, trusting that further. advantages will 
disclose themselves as we proceed. 

In order to carry out this programme we hope we 
shall not tax the intellects of our readers too severely 
if we we them to employ a few simple combina- 
tions of figures, amounting to nothing more 
formidable than some very small sums in addition, 
subtraction, and multiplication, involving only three 
or four figures, attending at the same time to the 
placing of the decimal point. 

(To be continued.) 





THE COST OF RAILWAY COLLISIONS. 


Iy connexion with the general interest now felt on the 
subject of accidents on railways, it may be interesting to 
place on record the cost of these—or rather the partial cost 
of these—to the companies themselves. To do this the pre- 
sentation of a series of accounts is necessary, for the accidents 
in each year vary the amounts paid, and the half-yearly 
statements include only the claims settled within the six 
months, and these differ largely according to the frequency 
of fatal and other accidents within a previous period. Ex. 
tracting, however, the figures for a series of years enables an 
average to be drawn; and this may be done from one of the 
large companies’ own statements. And this may be done 
the better from the North-Eastern, because its revenue is 
drawn more equally from goods, minerals, and passengers 
than those of other great companies; and thus the comparisor 
is fairer thanif a railway were selected where passenger traffic 
is the chief source of revenue. It will be interesting to 
trace in connexion the amount of gross revenue, so that the 
average may be deducible whether the period has been one 
of frequent accidents, or whether these have only propor- 
tionately increased with increasing traffic. The following, 
then, are the amounts as officially stated, from the first half- 
year in which the amounts were divided into the two 
divisions in which they are presented : 











Amount of Com- Total 
pensation. otal Earn- 
Half-year ending ings of 
Company. 
Passenger.| Goods. 
£ £ £ 

December, 1868 8,200 3,276 2,049,925 
June, 1869 10,769 1,952 1,932,224 
December, 1869 19,443 3,031 2,227,404 
June, 1870 ... 12,409 2,795 2,157,791 
ber, 1870 25,004 4,315 2,487,472 

June, 1871 ... 28,069 3,854 2,343,766 
December, 1871 30,937 4,447 2,686,277 
June, 1872 19,509 5,985 2,537,827 
December, 1872 14,586 9,024 2,893,327 
June, 1873 21,244 9,269 2,844,996 
December, 1873 16,043 9,490 3,191,132 
June, 1874 ... 28,494 10,035 2,928,028 
December, 1874 12,001 12,399 8,352,522 
June, 1875 22,454 10,911 3,200,702 











of » held on evening, the 
23rd of May, Mr. Abernethy, Vice-President, in the chair, 
tg ty ‘* On the Permanent Way of Railways,” 
by Mr. BR. Price Williams, M. Inst. C.E. ‘ 
Fo, t =“ i she Yr me = 
ls of permanent way was itution, 
steel rails might be said to have been on their trial. 
few instances where they had been used, they were laid rather 
as an experiment at stations, and in situations w 
the slow speed of the traffic, no risk was. incurred 
cee - viable de eh oo 
ly i how- 
ever, shown that these fears were groundless, and that steel, 
with the small percantage of carbon ‘used for rails, was a 
i tly superior to iron, both in strength and i 


tirely iron rails on the 
try, and the recent reduction in cost 
of manufacture would probably lead to steel being used ex- 
clusively for rails. 

In 1865, the author showed that the average life of iron 
rails under heavy ic was then only three years. Since 
that time, Eustis aa ame _ _ _~ od wey the 

cinsigal ways oubled, and even 
treb " As might be expacted, this had led to increased 
expenditure in the maintenance and renewals of the perma- 
nent way, but in nothing like the same proportion—a fact 
testifying to the more durable quality of the materials. 
Thus in the last ten years on the + Northern Railway 
the tonnage had increased 177 per cent-, while the cost per 
mile of maintenance had only risen 45 per cent.; on the 
Midland the tonnage had increased 113 per cent., and the 
cost of maintenance 64 per cent., the chief portion of this 
latter increase ay for materials. On the South-Eastern 
and the London and Brighton lines, the relatively small in- 
crease in the cost of labour per mile was observable, but 
there had been a considerable increase in the cost of staff 
rin 1868, the half-year! of the rail 
n , the -yearly reports of the railway companies 
were required to be prepared accordin; toa unlleess > 
The distinction between the suaheheneeee and aiteicwes 
then abolished. The cost of maintaining the sidings, points, 
and crossings, hitherto included in ‘‘ station works,” was 
charged against ‘‘ maintenance of way.’’ The author had 
a the tables and diagrams in accordance with this 
new system. In comparing the cost of maintenance on dif- 
ferent railways, it was n to take into account the 
gradients, weight, and s of traffic in each case, as also 
the relative . of single, double, and triple lines, length 
of sidings, &c. To afford a common basis of comparison, 
the author had given the cost of maintenance both mile 
of railway and per mile of single line; and much more 
uniformity was found in the latter than in the former. 

The average cost of the maintenance renewals of the 
permanent way on the Great Northern Railway during the 
year 1865, was 124/. per mile of single line, the net cost of 
relaying a mile of single line with iron rails being 13711. 
Dividing the latter amount by 124, gave) eleven years as 
the average ‘‘ money life’ at that time ; in other words, the 
annual sum then spent would renew the entire mileage of the 
railway in that period. In 1875, when steel rails were used, 
the cost of maintenance and renewals per mile of single line 
was 184.781., the net cost of oat a mile of single line 
being 1626/., giving a ‘‘ money life” of only nine years. The 
** mo life’ of this permanent way therefore 
diminished during the last ten , a result due partly 
to the rise in wages, but chi to the increased amount 
of labour in upholding the substructure of the road; 
indeed, the cost of labour in ‘‘ maintenance’ amounted 
to four times the labour required for “ renewals.’’ 
On comparing the average cost of the maintenance 





These Tables exhibit tolerably plainly two or three facts ; 
what may be called the normal rise and fall in the winter 
and summer seasons, and they also show that while 
there is an uncertain and fluctuating rise in the amount 
paid for compensation to passengers, that paid for loss of 
and damage to goods has steadily risen in far more than 
proportionate rate. But it is evident from the fact that 
since the last half of 1868, when the total traffic of the 
company was in round numbers 2,000,000/., the amount 
paid for the two kinds of compensation was 12,000/. to the 
last year, for which figures are yet available, that there has 
been advanced in the amount of compensation far more than 
due. The case may be thus stated: in 1868, the company 
in question paid 1/. as compensation for each 166/. they 
earned ; had that rate continued, they would have paid in the 
year 1874-5 the sum of 37,6007; but the sum paid was as 
shown, 57,766/. It will be evident that only the monetary 
loss to the company—or that part of it rather which is paid 
by it to the public—is here stated, but sufficient has been 
said to show how much in a series of years one company 
feels that one part of the loss. Its effect on the companies 
in other ways is conjecturable, but cannot be officially stated. 








TELEGRAPH ProFits.—The gross receipts of the Great 
Northern Telegraph Company last were 158,6111. 
The working expenses of the twelve months were 64,2561., 





so that the net profit the company for the year 
was 94,3551. 

Rvusstan Rattwars.—The aggregate length of railway 
in o ion in Russia at the of 1876 was 
17,658 versts, as com with 16,983 versts at the com- 
mencement of 1875 traffic receipts of all 
the Russian lines last were 141,013,278 roubles, as 
compared with 140,983,789 roubles in 1874. 








and renewals of the nine principal lish railways, it 
appeared that on the Lancashire and Yorkshire Railway 
it was the highest, and that consequently the ‘‘ money life’ 
was the least, viz., only 6.66 years ; the maximum ‘‘ money 
life’”’ bray Sa sa on the South Eastern and the London and 
Brighton Railways, viz., 10.50 and 10.38 tn ep 
The av annual cost per mile of single line of the nine 
railways alluded to during the last ten years, was about 
1581. per annum, equivalent to an average ‘‘ money life’ of 
7.61 years, assuming iron rails to have been for the 
renewals. During 1875, the av cost of maintenance of 
these nine railways had been 213.641. per mile of single line, 
which, even assuming, as was not the case, that steel rails 
had been entirely used for renewals, gave 7% years as 
the present ‘‘ money life’ of nearly one- the railway 
mileage of the kingdom. The annual cost of the main- 
tenance of the permanent way on these rail represented 
2.10 per cent. interest on the ordi capital, so that one 
year’s increased ‘‘ money life’? would be equivalent to an 
addition of 4 per cent. interest on such capital—a fact 
hich showed the im of the efforts to render the 


wi 
permanent way more durable. 

The actual life, or duration, of the ag ay way should 
not be confounded with the ‘‘ money life,”’ the latter being 
merely the ratio which the annual cost of maintenance 


owever, a great ion of them had been renewed, so 

that the average life was only about 5) years. The life of 

rails was entirely a question of tonnes, pu 
i Thus on 


orthern Railway, from Peterborough 
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the same year as the Loop. Only 
line and 4 per cent. of the down line 
rails still in the road having a considerable amount of wear 
in them. The tonnage over these rails had been 13,400,000 
and 14,300,000 tons on the up and down lines respectively, 
Dori Leta wD hemi? stag artes g of the 
Great Northern Railway been renewed, and the aver. 
age life of the rails was nearly 16 years. With this aver- 
age life of iron rails, and assuming that sleepers lasted 8 
years, the estimated average cost of renewals per annum 
would be 128.901. = mile of single line, while the actual 
cost had been 139.551. 

Steel rails were first laid on the London and North- 
Western Railway at Camden Town in 1862, and at Crewe 
Station in the following year. Di were exhibi 
showing the wear and amount of tonnage which had 
over the latter. Onan average, it appeared that a wear 
of Ysin. of the tables corresponded to a traffic of 9,370,777 
tons.. On the Great Northern Railway steel rails were 
first used at the coal sidi at King’s Cross, but the ton- 
nage over them could not be ascertained. In February 
1867, steel rails were laid ir the , a. down lines in 
Maiden-lane tunnel. On the down the traffic was of 
a heavy character, consisting chiefly of shunting. A dia- 
gram was exhibited showing the worn outlines of these 
rails, the to: over them, and the chemical constituents 
of the steel. The traffic corresponding to a wear of vs in. 
of the tables varied from 5,251,000 to 31,061,000 tons. 
Similar dia, s were exhibited, showing the wear, the 
tonnage, and the chemical analysis of s rails on other 

rtions of the Great Northern Railway. Steel rails were 

rst laid in the running road in 1866-7, on the up line, near 
Hornsey. A template of one of these rails was exhibited, 
showing a wear of only 0.15 in. during a period of 94 years, 
the traffic having been 66,546,000 tons, equivalent to 
27,727,000 tons for every vein. The a of carbon 
in this rail was only 0.320 per cent. e analyses for this 
——— — by Mr. Riley. s pam 
e ropolitan way was opened in January, ‘ 
as faras Farri Son-dtuent aaid the extension to Moorgate- 
street in1865. The greater part of the steel rails had been 
worn out, and, in some cases, twice renewed, owing to 
the enormous traffic. The renewals chiefly occurred near 
the stations, where the brakes attained their maximum 
effect, that was, intermediate between the points where 
the brakes were first applied and the station platform. 
Diagrams were shown of the worn outlines of these 
rails, of the tonnage over them, and also of the chemical 
analyses of the steel—the most noticeable features being 
in the case of the rails in the Clerkenwell tunnel, 
where a considerable difference in the wear was observable 
in the wet and dry portions of the tunnel, although the 
—— of ns — = same. ‘i. . na 
na recent paper, the process of hammering the ingot 
been recommented in preference to first cneaing te and 
then rolling it into the finished rail, the latter process 
having, it was stated, the effect of injuring the m The 
author had had some experiments made at Mr. Kirkaldy’s, 
with a view of practically testing the relative merits of the 
two systems. The results of these experiments showed, 
that the rails rolled direct from cogged ingots had decidedly 
the advantage, being about 2} cent. stronger on the 
ave than those rolled from hammered ingots. On the 
Great Northern Railway rails rolled from ‘“ cogged’’ ingots 
had endured ten years of the heaviest traffic, were still 
in a serviceable condition. 

The author had also made experiments as to the relative 
strength of deep and ordinary fish-plates. The results 
showed that the average strength of the deep fish-plate was 
67 per cent. of the strength of the solid rail, whereas the 
average strength of the ordinary fish-plate was only 22 
cent. riments were likewise made to determine the 
transverse strength of steel rails, with punched, drilled, an 
Fails whieh, previous ‘to holag subfevted te tunchdng, Scale 
rails which, previous subj munching, drill- 
ing, &c., had been toughened by i pl in water when 
-_ route ree “egies ed that the = steel = 
not su e toughening process, with holes punc: 
cold in the ordinary way, was 65.39 per cent. of that of the 
solid rail; whereas the strength of the rails with drilled 
holes was 98.68 per cent., and the partly punched and 
afterwards drilled rails 97.80 per cent. of the strength of 
the solid rail. Tne effect of the toughening process was 
materially to increase the strength of the steel rails, 
especially the rails with the punched holes, which 
showed an increased strength of about 58 per cent. as com- 
pared with the untoughened punched rails. 

In conclusion, the author expressed a hope that in future 
steel rails would be made of such uniform quality as would 
Insure, as an average, the maximum endurance ly met 
with in some of the instances referred to—about 30 million 
tons for a wear of yyth of aninch of the tables. With such 
a quality of material, the average life a steel rail would be 
about million tons, equivalent on the most heavil 
worked 4 age oe of the Great Northern Railway to a 
years’ life. The effect of this increased duration would be to 
reduce,the present average annual cost of ren » viz., 
2131. to about 1071. per mile of single line. 








FOREIGN AND COLONIAL NOTES. 

Philadelphia and Reading Railroad.—The Philadelphia 
and Railroad Company is building 100 aman 
cars and five locomotives at its Reading works. "The 
company already owns about 400 locomotives ; in conse- 
quence of the dulness of the Pennsylvanian coal trade, 
some of these engines will be employed in special Exhibition 
traffic this spring. 


French Coal Mining.—The extraction of ooal effected in 








er the Grand Combe Mines Company, smonnted to 
565,000 tons, or 48,000 tons less than parreceaing 
production in 1874. The difficulty of regen e Sl 
raised was the sole cause of the reduction w! occurred 
last year in the extraction. The sales of coal effected 
the company in 1875 amounted to 490,952 tons, or 42, 
ae than in 1874. The profits realised last year were 
129, 4 ‘ 

Jura-Bernois Railway.—The works of this line are being 
— ushed forward, and the whole line is expected 


opened in October, 1875. Between , 
two large tunnels from 1} miles to 14 miles in length have 
been pierced throughout, and the masonry has now made 
coudilerable progress upon them. 

Rolling Stock on the Eastern of France.—The Eastern 
of France Railway Company has ordered the construction 
of 8 locomotives, 4 tenders, 28 carriages, and 
318 goods trucks. At the close of last year, the com 

d 897 locomotives of various » 792 
passenger carriages, and 21,813 trucks. 
ween ee on he Bost of sae onthe 
ratio of the working expenses e ¢ receipts on the 
old network of the Eastern of France Railway stood last 
year at.44.70 per cent. On the Vincennes lime the corre- 
sponding ratio stood last year at 55.44 per cent. On the 
new network, the eoeeapens ratio s' last year at 
58.15 per cent. The Eas’ of France does not a) to 
be worked quite so cheaply as some of the other French 
systems. 

New York and Philadelphia Railroad.—A new line 
between New York and Phi phia has been opened for 
traffic. The length of this line is 88} miles, but of this 
distance only about 474 miles can be said to be actual new 
road. The line is double tracked throughout with steel 
rails, and the bridges are substantially built of iron. The 
locomotives to be used upon the line were built at the 
Baldwin Locomotive Works, Harem et the passe’ 


cars were supplied from eee eb laware. At New 
rom. the ferry of the Central | dof New Jersey is 


Namur and Brussels Railway.—A second line of rails 
is about to be laid down on this railway, as between Rhisnes 
and Mont St. Guibert. 


Rolling Stock on the Chicago, Burlington, and pment 
—At the close of 1875, the equipment of the hicago, 
Burli n, and Quincy os stood as J geen tk n- 

e8, ; passenger cars, 112; baggage, mail, and express 
a 59; box freight cars, 4169; platform and coal cars, 
1716; way and conductors’ cars, 139; dump cars, 31; 
office cars, 2; pay car, 1; wrecking and tool cars, 6; pile 
driver, 1; hand cars, 410; rubble cars, 357. It is thought 
that the present —— will be adequate to the business 
of the road for the ensui ear, although it is possible 
that the opening out of co on the Albi ch may 
so largely increase the coal traffic as to render additional 
coal flats necessary. 

Belgian Coal Mining.—The cost price of the coal raised 
last year by the Gosson Collieries Company was 
22d. per ton less than in 1874. The selling price of the 
company’s coal experienced, however, a more considerable 
reduction last year, viz-, 9d. per ton. 

Bridging the Danube.—The inauguration has just taken 

lace at Buda-Pesth of a fine bridge thrown over the 

anube at that point. The bridge is 1900 ft. in length, and 
its width is 56 ft. The bridge comprises six arches resting 
on stone pane sms fo. aa of 33-ft. in the bed of the 
river. e construction of the bridge has extended over 
three years, and has involved the use of 7000 tons of iron 
and 40,000 cubic metres of masonry. The piers are orna- 
mented with allegorical three times the size of an 
inary human being, es! bear candelabra executed 
with much artistic elegance. The arches are about 46 ft. 
above the water level. The contractors were the Batignolles 
Construction Company, better known as MM. Ernest Gouin 
and Co., of Paris. 


French Railway Extensions.—Ten new lines have been 
conceded to the Southern of France Railway Company. 
The cost of these new lines is estimated at 3,456,0001, 


Rolling Stock on the Orleans.—At the close of 1875, the 
Orleans Bail way Company the following rolli 
stock : 441 passenger and mixed locomotives, 387 goods 
engines, 30 tank engines for station purposes, 792 tenders, 
1958 passenger carriages, and 18,234 goods vans and trucks, 
In consequenee of the development of the traffic and the 
opening of new sections, the council of inistration has 
just ware te goods | 28 passenger engines, 6 
engines for station purposes, passsenger carriages, 

20 goods trucks oad vans, The company will thus soon 
own 884 locomotives. 


English Capital in Tennessee.— Advices from the United 
States report that Mr. Samuelson, M.P., is about to com- 
mence the manufacture of iron in Tennessee. 


A New Zealand Tunnel.—With reference 
progress in the province of , New 

that the Glenore tunnel, a somewhat formidable work, has 
been completed on the ide. Some amount of 
+ has still, however, to be executed on the Tokomairiro 
side. 


A Canadian Camal.—A ship canal from Port Colborne, 
on Lake Erie, to Port Dalhousie, on Lake Ontario, will 
have 22 locks 270 ft. long, between gates 40ft. wide with 
15 ft. of water. ‘The compietion of the canal is expected to 
extend over about two years. 


to railway 
» we learn 


Paris, Lyons, and Mediterranean } 


capital 


ay. — The 
of 


Railw 
amount of expended in 1875 upon the old network 
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to Mont Cenis various im 
at a cost of 54, 1 eel Gaver ay sa 
continued upon alg pe Aes 


fe 


me of Port Jackson.—Public works for the defence 
of South Head, Port Jackson, New South Wales, 


including the enlargement of pits for the reception and work- 
ers, | ing of heavy rifled ordnance to be placed there, and buildi 
, of suitable barracks for troops to work the 


ur 


guns, are 
yvepers in earnest. Pits for the tion of 18-ton 
2-ton rifled cannon are being cut out of the solid A 
when ny Tg Tate on | oe re oe 
posing = not only comman: contiguous 
ocean, but the entire harbour also from the Heads up to 
ae ae a a 
ibly destructive fire. 


American Pig Iron.—The production of pig iron in the 
United States in 1874 amounted to 2,639,413 tons, as com- 

with 2,868,278 tons in 1873, and 2,854,558 tons in 
1872. In the production of the three Pe lvania 
figured as follows: 1874, 1,163,133 tons; 1873, 1,389,573 
tons ; and 1872, 1,401,497 tons. 


Great Northern reloreg® Company.--irbe Franco- 
orthern 


B. 


Danish cable of the Great ph Cuegeny 
yielded in 1875 a monthly receipt of 1200/., i § 
per month earned in 1874, sho an augmentation of 36 

he com scables in Europe for- 


per cent, last year. 

warded 30, in 1875, or 4 per cent. less in 
1874, Thedecline thus indicated in the company’s revenue 
is attributed to the general tion now prevailing in 
business and affairs. The receipts of the com ’s Asian 
cables fell off 9 per cent. last year, as com: with 1874. 


The American Iron Trade.—Advices received from Potts- 
ville, Pennsylvania, state thatthe number of blast furnaces 
in the United States in January, 1876, was 713; of this 
nuniber 279 were in Pennsylvania, 99 in Ohio, and 57 in 
New York. The number of rolling mills in the United 
States in yo oe 1876, was 3332, of which Pennsylvania 
had 137.; Ohio, 46; New York, 23 ; and Massachusetts, 22. 


The French Iron Trade.—There is little fresh to report 


in this trade. French industrials are again to live 
only on hope ; all that can be said of a favourable er 
is that these hopes are, little less vague than they 


haps, & 
were a year or six monthe shane. 





Royau Scorrish Socrzty or Arts.—An ordinary 
meeting of this ry held last Monday week, Mr. John 
Milne, President, in the chair. The secretary read the a 
of the committee Roe to consider Dr, Walter S. Car- 
michael’s patent , Steamer. The committee 
wished to guard against the im: which might be got 
from the title of the invention, that the vessel was intented 
to act as a floating breakwater. The description of the 
steamer was that of a flat-bottomed and broad-beamed 
vessel, having its upper works and deck defended from the 
power of heavy seas by strong bulwarks supported at an 
angle of about 45 deg., and ing an upper or spar deck 
to give further protection—the bulwarks to be provided 
where necessary with sliding panels for the easier falet and 
outlet of the cargo. The committee stated certain objec- 
tions to Dr. Carmichael’s scheme, to the effect generally 
that by the arrangement adopted the machinery would be 
liable to damage, and there would be a great loss of space 
for cargo. They said, further, that the invention was not 
new, and, as ———- to war vessels during the civil war 
in America in , Sliding bulwarks were used on the war 
vessels employed by the Confederates; and the earliest 
construction of the celebrated Ericsson, as well as most of 
the monitors of the it Swedish Government, were 
wee defended. he committee, notwithstanding, 
thought that the thanks of the Society were due to Dr. 
Carmichael for his paper. After pong permeate We De: 
Carmichael, the report was adopted. a here- 
i nies 6 ee eae il on the 
‘* Patents for Inventions Bill, 1876.’’ The Council 
mended that the Society should adopt a petition to the 
House of Commons, substantially in with that 
of the G 3 hical Society, to the effect that they 
considered the Bill contained considerable improvements on 
the Bill of 1875, but that, if passed into law in its present 
state, it would not meet the wants of the nation. The 
petition embodied a series of suggested alterations and 
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THE PATENT BILL. 
of the Institution 
copy of a letter 
House of 
Commons with the petition 
ing the ‘‘ Patents for Inventions Bill, 1876.’ 
** 81, Newhall-street, Birmingham, 26th May, 1876. 
* Bir,—I am desired herewith to enclose you a copy of a 
ition, presented to your Honourable House from the 
ident of this Institution, on behalf of the members 
assembled at a special meng, bes in London on the 
16th May last, to consider the Patents for Inventions Bill, 
1876, now pending in the House of Commons. 

“The provisions of the Bill are felt to be of such a sweep- 
ing character, and so o ionable, that the meeting was 
unanimously of opinion that it is expedient that no legisla- 
tion, on the basis of the Bill now before liament, 
should take place without special reference to a Select 
Committee, and for the following amongst other important 
reason:, namely : 

** That the Bill does not meet the views of the speci 
meeting of the Institution, held on the 28th June, 1875. 

**That many of the provisions are contrary to public 

icy, and are caleulated to interfere with the progress of 


vention. 

* That the said Bill, if it became law, would be much 
worse in its operation than the Act of 1852 (now in force), 
as it would give unlimited power to the Lord Chancellor 
to refuse applications for patents, and also, to a large ex- 
tent, to control the terms on which, if granted, they should 


be used. 
** That it would not provide for paid Commissioners to 


the office. 
* That it would abolish provisional specifications. 
“That it would provide for examiners who would be 
practically irresponsible, and would have the power of re- 
porting t the applications for patents on grounds 
of which frequently they would not be competent to jndge. 
**That any preliminary examination of applications fo 
letters patent by officials of the Patent 
extend beyond the questions whether the specification is 
sufficiently distinct and descriptive, and whether the 
invention is open to objection on the ground of want of 
, regard being to former specifications and 
other documents and publications in the Patent Office. 
** That an adverse - should not necessarily disentitle 
icant to a patent. 
sy t in lieu of the proposed publication of reports 
(which would in instances operate unjustly), the 
applicant should merely be required to insert in his speci- 
fication a clear and definite reference to, and an 
acknowledgment of, the existence of the prior matter 
found and —— out by the Patent Office officials, with 
aclear statement of what notwithstanding he wishes to 


claim. 
“That inasmuch as the c in the 


la peoed b 
the Bill now before Parliament differ materialy from the 


recommendations of the Royal Commission of 1865, and of 
the Select Committee of 1872, it is expedient that no legis- 
lation on the basis of the Bill now before Parliament 
should take place, unless and until a Select Committee shall 
bave received evidence, and made its report thereon. 
**T am, your obedient servant, 
** Witi1am P. MARSHALL, Secretary.”’ 


To the Honourable the Commons of the United Kingdom 
of Great Britain and Ireland in Parliament assembled. 

‘The humble petition of the Institution of Mechanical 
Engineers, by their President for the time being, Thomas 
Hawksley, of No. 30, Great Gerge-street, in the City of 
Westminster, 

** Showeth— 

“That there is now ping 
a public Bill, the short title o' 
ventions.’ 

‘* That a special mecting of the members of the said 
Institution, duly convened for the p of consideri 
the various provisions of the said Bill, has been held, an 
that such meeting was bg yen Aol opinion that many 
of the said provisions will, if they me law, injuriously 
affect the in its of inventors generally, and of many of 
your petitioners in particular, and that some of such pro- 
visions will in such case act so repressively of invention as 
to eg seriously detrimental to the interests of the public 


at \. 
** Your petitioners pnpeeliey beg to draw the attention 
of your Honourable House to the very important fact that 
agh a Royal Commission and two Select Committees 
have sat and reported upon several of the subject matters 
to which the Bill relates, yet that the Bill not only does 
not embody the conclusions thus arrived at, but in fact 
widely de therefrom, and pro to introduce many 
organic into the laws relating to patents and the 
iting therecf, upon in to which your peti- 
Sno aol i such of them as are or may be 
tly affected thereby, have had no opportunity of being 


“Your poteness, whilst not objecting to any amend- 
ments of the laws relating to patents for inventions which 
may be reasonably beneficial to the public at » object 
on principle to such legislation as s operate to prevent 
invention, orto deprive inventors of their bay re , or to 
render property in inventions insecure in many cases 

petiti of opinion that the Bill as it 

* Your oners are of opinion ¢ Bill as it now 
effects 


in your Honourable House 
which is ‘ Patents for In- 


productive of these and other detrimental 


**Your petitioners therefore humbly pray your Honour- 
able House that the said Bill a > soene 0 
Select Committee of your Honourable House, and that 
petitioners may have leave to be heard before 

by themselves their agents and witnesses, 

of the clauses and provisions of the said 


ce, should not | P° 





Bill to which object, and that may have such 
other relief in the teominee as te peur Htmomabie House 
mel And your petitioners will &e 
’ our ever , &. 
me (dened) T. Hiwaetny, President.” 


THE ORIGIN OF MOTION. 
To THE Epiror oF ENGINEERING. 

Srr,—In replying to the points raised by the letter of 
your correspondent Mr. » in issue of the 
12th, I must first dissent entirely from the main position 
taken up by him, which I think may be clearly shown on 
logical grounds to be untenable, if indeed the end he aims 
at can be said to be practically attainable at all ; though I 
do not hereby mean to question the undoubted abili 
shown in some points of his letter. Your correspondent 
fear, by a supposed insurmountable difficulty put forward 
by Sir John Herschel, has been driven to resort to the un- 
realisable. I will first quote here again from Herschel’s 
essay ‘‘ On the Origin of Force” (as given in his “‘ Popular 
Lectures on Scientific Subjects’’) the criticism of Herschel 
on the doctrine that ‘‘force’’ does not exist, but that all 
so-called ‘‘ forces’ are simply ‘‘ modes of motion.””’ He 
says, ‘‘ This doctrine goes to resolve the entire assemblage 
of natural phenomena into the mere ing about of an 
inconceivable number of inconceivably minute billiard balls’ 
(or otherwise shaped portions of matter). 

Now firstly I think that the tone of the above remark is 
rather to be pe if argument be the point in ques- 
tion, for it would be quite easy to refer to an inconceivable 
number of ‘‘ forces” in the same tone. The drift of the 
remark would cagee te imply that to correlate ‘‘ the entire 
assemblage of na phenomena”’ under one fundamental 

rinciple, viz., the intere of motion, was too simple. 
f this were a real objection it might be applied with equal 
force to any mechanism or means to an end, or it might be 
said that the only objection toa icular kind of steam 
engine was that it was too simple. Does not every ex- 
rience show us that the working of natural phenomena 
is simple, indeed must be simple, or the end could not 
otherwise be attained. The fact, therefore, that by the 
rejection of “action at a distance’’ or the entire rejection 
of the idea of ‘‘ force,” all physical phenomena must in- 
evitably become fundamentally correlated as consisting 
simply in an interchange of motion, would, from the 
simplicity of this generalisation, be rather an @ priori 
argument in its favour than against it. If this grand 
generalisation be true (as by the rejection of the theory of 

‘action at a distance’’ it must be), then we already know 
the fundamental principles concerned in natural phenomena, 
and there are not an indefinite number of unknown 
arbitrary ‘‘forces’’ and ‘‘ laws’’ still to be discovered— 
and which may for ever elude our discovery—there being 
no such thing as an arbitrary ‘‘ force” or ‘‘law’’ in nature, 
but everything subject to the known and unalterable 
principles of dynamics. In simplicity surely the real 
grandeur of natural phenomena consists. 

Nothing surely could serve better to show the practically 
insurmountable ier placed by the theory of “ action at 
a distance’’ in the way of pro than a consideration of 
the following passage from Herschel’s ** Outlines of As- 
+ eae 710: ‘*But what is indeed astonishing in 
the whole affair is, that among all this chaotic heap of mis- 
cellaneous movement, among all this drift of cosmical 
atoms, of the laws of whose motion we know absolutely 
nothing, it should be possible to place the finger on one 
small portion,’’ &c. 

Here to any one admitting ‘‘action at a distance,’’ it 
must be assumed that ‘‘ of the laws of whose motions we 
know absolutely nothing,”’ but to him who rejects “‘ action 
at a distance,”’ the mer p les governing the motions are all 
known (the principles of dynamics being known), for to him 
there is no such thing as an arbitrary “‘law’’ in nature. 

I will now proceed to consider more particularly the ob- 
jections quoted by your correspondent from Herschel’s 
essay “‘ On the Origin of Force,”’ it being well at the same 
time to keep in view that these objections though apparently 
formidable or insurmountable to your correspondent, cannot 
be so to others, otherwise the doctrine that ‘ forces’ are 
simply modes of motion could not be gaining ground in the 

resent day. Herschel says, ‘Elasticity implies force. 
ff this be disallowed, if elasticity be not force but collision, 
each billiard ball (each ultimate atom, that is to say) must 
be itself a universe in miniature composed of other more 
minute ones, moving and colliding inter se to give them that 
resilience which we term elasticity, but which, in this view 
of the matter, is nothing but ‘clash.’ Now what is to 
prevent these ultimate atoms of the second order, animated 
with velocities immense as compared with their mutual dis- 
tances, by no mutual attractions, subject to no 
control but from their mutual collisions, from dispersing 
themselves out in all directions into space, and abdicating 
their functions as a group? If we waive this objection (which, 
however, is fatal) nothing is aes The original objection 
int in its full foree to sub-atoms, and so on ad 








injinitum.”’ 
fore proceeding to consider this difficulty, if such it be, 

I must in the first place as a general principle protest 
against the assumption that if the difficulty were apparently 
insurmountable we should in any way be driven to accept 
“action at a distance.’ The very con i 
mind the proper one, for what is the P ng a 
theory which, being in itself — makes the difficulty 
ten times ter t before? The proper course is surely 
to avoid all such theories, and keep the mind active 
towards eventually solving the difficulty. It would surel 
be wholly unreasonable to suppose that our ideas on suc 
subjects as the ultimate nature of matter will be clear 
all at once, and therefore all theories which are in them- 
selves vague should be specially avoided if the eventual 
object be to make the case clear. This being premised, we 

ill proceed to consider the case as put by Sir John Herschel. 








In the first » Herschel seems to consider it 
in order Seve gteten of walter stag seheund trem anak 
other, that each atom should itself consist of smaller atoms 
(atoms of the second order) which are in collision 
and rebounding inter se. Now, if this the case, 
the difficulty certainly appears to be solved in a remark- 
ably simple manner, for the rebound of two groups of atoms 
from each other necessarily involves the rebound of the com- 
ponent atoms of which the group is composed, or when a 
group composed of a number of atoms rebounds from a second 
group composed of a number of atoms, then in this act the 
atoms of which one group is com’ rebound from those 
of the other up, t.e., atom rebounds from atom, which 
is the very thing required to solve the difficulty; for 
if atom can rebound from atom, we do not want a group 
of atoms at all in order to effect a rebound, and therefore 
the ew | about dis: a | into space does not present 
itself at all. In fact, it will surely be quite apparent 
to any unprejudiced person who reads this essay of Sir 
John Herschel ‘“‘On the Origin of Force,” that some 
of the ideas there expressed are rather behind the present 
age, or at least due weight is not given to certain facts 
which are considered of fundamental importance in the pre- 
sent day. Thus, to take the following passage : ‘‘ Now, in 
the collision of inelastic bodies vis viva is necessarily and 
invariably destroyed.”’ Now this is known not to be the fact 
in the L ayy day, for the vis viva is simply imparted to the 
molecules or component atoms of the bodies (in the form of 
heat). This fact is of fundamental importance from its 
direct. bearing on the present case of collision, and therefore 
a neglect to take it into account takes away all validity from 
the reasoni Thus by the collision of two bodies, motion 
is transfe: between the component atoms of the bodies, 
so therefore when a group of atoms, or a single pair of 
atoms, come into collision, and there is nothing but the pair 
for the motion to be transferred to, then from the very fact 
that vis viva cannot be annihilated, the two ultimate atoms 
must transfer their motions to eachother, and in that act 
rebound. There would be no authority whatever for saying 
that by the collision of two ultimate atoms vis viva dis- 
cogueet unless it could be said where it went to. 

he old idea that by the collision of ‘‘ inelastic’’ bodies,”’ 
so termed, there is a loss of vis viva, aoa even in the 
present day unwittingly to have an influence with some, 
and seems in some way to have led to the idea that two 
ultimate atoms of matter cannot encounter each other 
without a loss of vis viva, and therefore cannot rebound. 

At the rebound the direction of the motion is simply 
changed and the motion not annihilated. 

In reference to a system of bodies or atoms in collision 
inter se, the essay of Herschel continues: ‘‘ There is, 
therefore, a necessary and unceasing drain on the vis viva 
of such a system. Sucha system has no vitality. It feeds 
upon itself and has no restorative power.’’ Surely there 
can be but one answer to this in view of the modern prin- 
ciple of conservation. The system does not require to be 
fed, therefore all idea of it ‘‘ feeding on itself’’ falls to the 
ground. Theidea of a system in motion ‘‘ feeding on it- 
self’”’ is a pure and evident fallacy when the principle of 
conservation as recognised in the present day is fully kept 
in view. A system of bodies in motion must retain their 
motion unless there be something else for the bodies to 
transfer their motions to. If there be nothing else but 
themselves for the bodies to transfer their motions to, the 
motion goes on. Ex nihilo nihil fit. The converse of this 
axiom is equally true. Motion is indestructible. Sir John 
Herschel seems to have the idea in this essay that the will 
can create force, as shown in the following e: “The 
actual force necessary to be originated to give rise to the 
utmost imaginable exertion of animal power jin any case,”’ 
&c. Now the idea of the origination of force, however 
small the amount, is opposed to the modern principle of 
conservation. The validity of the essay as a criticism loses 
its value in the view of these objections. 

The terms “elastic” and ‘‘inelastic’’ as mere phrases, 
are best avoided when clearness in the ideas is the main 
. If it be said that vis viva disappears by a system of 

ies or ultimate atoms in collision inter se, then the first 
thing required to render this statement valid is to explain 
where it (the vis viva) goes to. The bodies or ultimate 
atoms simply continue to exchange motion among them- 
selves, because motion is indestructible. 

I would now say a few words as regards some points 
raised by your correspondent. In the first place I of course 
admit that one may readily conceive the subdivision of a 
mass of matter to any desired extent, but it is a very diffe- 
rent thing to say that matter is actually subdi- vided in- 
finitely. To say a straight line admits of any dogees of 
subdivision is one thing, to perform the feat of subdividing 
it infinitely is another. To assume that matter exists as a 
physical fact infinitely subdivided is to my mind un- 
realisable, and at all events it serves to throw the greatest 
confusion over everything, and stop all progress. To 
assume a state of infinite subdivision would be surely to mix 
up ether, air, solid earth, and everything else in one indis- 
criminate group. The idea even if it be realisable enough 
to be retained at all, is negatived by the simplest considera- 
tions. The most elementary facts (such as the phenomena 
of chemistry) teach us that portions of matter (which we 
term ‘‘ molecules’’) have certain definite masses which with 
all our ingenuity we cannot alter. To assume that no vacant 

exists in the ether would be to assume it to be denser 
t lead. Next, however much a mass of matter be sub- 
divided, it cannot be made to occupy more space than 
before. Allour experience teaches us that perfect fluids 
like perfect gases have no existence in nature ; they may be 
convenient ideals for the mathematician. The whole argu- 
ment of your correspondent is also vitiated, as he must 
himself odmit on looking at the subject closer, by the final 
conclusion to which he arrives, as in the sentence, 
**We may safely leave the — see to settle the 
uestion of cohesion amongst ves.”” Now this is 
just what it is impossible to do, for this forms the 
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closing keystone to the whole plan, if it have any value at 
all. f might cite other ey but the above I think 
are sufficient to show the whole idea to be untenable. 

Your correspondent next gives some instances of accepted 
facts which he would regard as not readily conceivable, 
apparently as a sort of plea for advancing his theory. Surely 
nothing could be more fallacious than such a system of 
procedure, which, however, appears ti to be re- 
sorted to in a case of difficulty, as an instance of which the 
theory of “action at a distance’ might be cited. Your 
correspondent refers to the accepted fact of infinite space. 
Now to me there appears to be something very simple 
overlooked on this subject; for the idea seems to be that 
our conception of infinite space is unsatisfactory, because 
we cannot, as it were, grasp it or form a defined conception 
of it, which would mean that to fail to form a defined or 
bounded conception of that which has no bounds was un- 
satisfactory. Surely the reason why we have no definite 
or bound ption of infinite space is simply because 
it has no bounds; and, therefore, so long as we make no 
attempt mentally to give bounds to tbat which has none, 
we have surely every logical reason to be satisfied with our 
conception of infinite space. 

There is one other point I would allude to. There 
seems to be an idea with some (though not perhaps of any 
great prevalence) that the structure of the ether bears 
some analogy to that of a solid. This idea is thrown out 
as a speculation by Herschel ‘‘ On Light”’ (in his ‘‘ Popular 
Lectures on Scientific Subjects”). The idea appears to be that 
the ether particles have certain fied positions in space, or 
that the ether particles are not capable “‘ of bodily transfer 
to any measurable distance from their own special and 
assigned localities in the universe,’ and the idea of a 
crystalline structure is alluded to. Now surely it is im- 
possible to regard this otherwise than as a mere random 
speculation, for (to mention no other objections) how is it 
conceivable that the earth for instance should in its passage 
round the sun, pass through the ether at a planetary 
velocity, if the particles of ether could not be displaced or 
if the ether possessed anything of the rigidity of a solid? 
The idea is evidently quite untenable, and even absurd. 
Any idea of a solid structure, in an agent which allows the 
free movement through it of the most delicate substances 
without the slightest perceptible resistance (and can even 

ropel a lightly suspended dise through its own substance 
C the motion of its own particles, as in the experiment of 
Mr. Crookes), is surely not to be entertained for one 
moment. Surely such fundamental questions as these, or 
the question as to the physical constitution of the most 
widely diffused agent in nature, should be worthy of a 
careful and practical treatment, for the determination of 
the constitution of the agent itself, upon which the secondary 
phenomena depend, must be a problem of the first im- 
portance. 

I have some difficulty in imagining that your correspon- 
dent Mr. Pollard, in his letter in your last issue, can be 
serious in supposing that the molecular, or heat vibrations, 
of a piece of card have anything to do with its attraction 
by a vibrating tuning-fork. Your correspondent’s words 
are: “‘ True the card does not vibrate, but I did not say 
that it did. What I did say was that the molecules of 
which the card is composed do vibrate,’ &c., or implying 
that the molecular vibrations of the card are the cause of 
its attraction by a vibrating tuning-fork. Your correspon- 
dent continues: ‘‘This was the theory which I wished 
your contributor to criticise.’’ I gave your correspondent 
greater credit than to imagine he would ask me to criticise 
such a theory. No one dreams of supposing that the 
molecular or heat vibrations of a piece of card have any- 
thing to do with its attraction by a vibrating juaine oak, 
and if your correspondent still holds to this theory, I am 
content to leave it to the criticism of others. When we 
talk of the effect produced by a vibrating tuning-fork, it 
is needless to add that we allude to the effect {produced on 
the air by the mass vibrations of the fork, not considerin 
at all the vibrations of the molecules of the fork, whieh 
take place all the same whether the fork, as a whole, is 
vibrating or not—the same being true of a piece of card. 

Your correspondent’s main assumption was that the 
“ attraction’’ of a body was due to a reaction of the vibra- 
tions of the body itself upon the surrounding medium, and 
not to a difference of pressure of the medium about the 
body. Now it is evident that for this theory to be true, a 
body could not be attracted at all unless it vibrated. But 
since it is observed that a body (such as a piece of card) is 
attracted by a vibrating tuning-fork though it (the card) 
does not vibrate, this, therefore, proves that a theory 
which assumes that a body in order to be attracted must 
vibrate, cannot hold true. Further, since it is quite evident 
that if the pressure of the air about a piece of were 
the same on both sides, the card would tend to move 
neither way ; and since it is an observed fact that a piece 
of card placed opposite a vibrating tuning-fork tends to 
move towards the fork, this proves that the pressure of 
the air is not the same on both sides of the card, but the 
pressure is less on the near side, and thus the card is driven 
towards the fork. This was the explanation I gave, and 
it may be remarked that this is the one generally given by 
all those who originally experimented on the subject, as 
indeed no other explanation is conceivable. In short, this 
is not a theory of mine but an accepted fact. This fact 
follows independent of any question as to how the reduction 
of pressure is effected. ‘The reduction of pressure of the 
air between the vibrating prong and the card is, however, 
the natural consequence of the rarefaction of the air at- 
tendant on the increments of energy given to its molecules 
by the vibrating ee If the increments of energy im- 
= to the mo es of the column of air intercepted 

ween the prong and card were entirely di gainst 
repulsive action of 
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increments of en might ce i the 
attractive action due to the rarnation ; but the real fact 
is that a great part of the increments of energy imparted 











to the molecules of the air column is not directed against 
the card at all but is directed radially outwards, this driv- 
ing back the external air and increasing rarefaction 
without bringing any increased pressure to bear against 
the card. In fact, since the molecules of the air column in 
their normal state are moving in all directions (as is cha- 
racteristic of gaseous matter according to the accepted 
theory of Joule and Clausius), the molecules, therefore, re- 
ceive increments of energy in all directions, and thus part 
of the energy is di in expanding the column radially, 
thereby causing a rarefaction without thereby cree | 
any increased pressure on the The contraction o: 

the air column by the advance of the prong, bulges the 
column radially ; the converse pen § place by the reces- 
sion of the prong, and thus a ial vibration of the air 
column about a central axis is naturally set up which tends 
to expand the column radially. The conditions of equili- 
brium which enable a free column of a medium intercepted 
between two masses (either one or both of which vibrate) 
to vibrate radially and longitudinally in annular segments 
about a central axis, are very important, and were con- 
sidered in article No. V. This case is important from its 
numerous practical applications, and it only appears re- 
markable that the fact seems hitherto to have escaped 
notice, perhaps from the theory of ‘‘ action at a distance’”’ 
diverting the attention from these subjects. 

Your correspondent I see would suppose that because the 
molecules lying along any two opposite radii of the column 
vibrate both inwards and outwards, this would not tend to 
expand the column radially. As this seems a reasonable 
objection at first sight, I am glad to explain it. Take two 
single molecules, or suppose two elastic spheres to be re- 
bounding between two el planes in such a way that 
the two spheres strike each other at the middle point be- 
tween the planes, and then rebound and strike the planes 
simultaneously, the spheres oscillating backwards and for- 
wards (in ogy with the molecules along two opposite 
radii). Now the spheres will exercise a pressure tending to 
propel the planes apart, and if the planes were movable they 
would continually yield or recede from each other ; so there- 
fore the fradial oscillations of the column cannot possibly 
exist without producing an external pressure, and this pressure 
necessarily causes the yielding of the external air (which is 
free to yield) and consequently a rarefaction of the column. 
In fact it is evident that any excess of motion whatever 
given to’a column of air which is free to expand cannot take 
omg without the column expanding, for the space occupied 

ry the column depends simply on the energy of motion of 
its parts. 

I will go so far as to admit that the theory of your corre- 
spondent has a concurrent influence with that due to reduc- 
tion of pressure, but, on the other hand, it may be clearly 
shown (as I pointed out in a previous letter) that this in- 
fluence is so small compared with that due to reduction of 
pressure that it may be neglected. Thus, to illustrate this 
somewhat further. One of the facts undertaken by Dr. 
Guthrie to establish experimentally was that the action 
exerted between a vibrating tuning-fork and a piece of card 
was perfectly mutual, or it was found that the card tended 
to a the fork with the same energy as the fork 
tended to approach the card. Now if the theory of your 
correspondent as to the reaction of the vibrating itself 
upon the medium had any practical influence at all here, 
compared with the effect due to the reduction of pressure 
of the air between the fork and card, then the fork, because 
it alone vibrated, would tend to approach the card with 
greater energy than the card tended to approach the fork, 
or the effect would be one-sided and not mutual. But no 
such effect was observed. This proves experimentally that 
if the theory of your correspondent have any influence at 
all it is too cael compared with the effect due to reduction 
of pressure, to make itself perceptible. Indeed sucha cause 
as this must from its very nature be extremely feeble. Thus, 
as I have shown elsewhere, even in the case of the enormous 
vibrating energy of the sun, which emits a wave energy of 
7000 horse power per square foot, the reaction only amounts 
to a few grains (about 27 grains) per square foot, which 
totally vanishes compared with the enormous gravitation of 
the sun’s mass. Moreover, as a final objection, in itself 
conclusive : if this cause were in any way influential in 
gravitation, the energy of gravitation or the weight of a 
body would necessarily be directly prorortio: to its 
} sayy energy (temperature), which is not observed to be 

e 

As regards the effect produced on the vibrati 
of the medium intercepted between two vibrati ies by 
a motion of the bodies (or either body) in a direction at 
right les to the line of junction, your correspondent 
has not fully appreciated the facts of the case, and I will 
endeavour to oe this clearer. It should be kept in view 
that when a column of a medium is in stationary vibration, 
a asa —. of om for example, ym Nel mer is 

en up into longitudinal segments, whose’ epends 
on the wave length emitted. The wave reflected towards 
one body is therefore not reflected from tle opposite poe 
but from the segment immediately adjacent to the ly 
emitting the wave, so that the wave has not to travel the 
whole length of the column before reflection, but only the 
lengthof one segment, which may be a very small distance. 
This is an important point to take into account. 
As regards the phenomena of ‘‘ cohesion,’’ to me they 


column 


are the perf n consequence the extreme 
proximity of the vibrating mo! » whereby the waves 
are reflected backwards and forwards millions of times in an 


instant of time, the thus accumulating and pro- 
ducing a powerful oabalion of the intervening ether, the 
energy of the ‘‘ attraction’”’ of ———- molecules being 
naturally enormously greater than that of vibra tuning- 
forks, in proportion as the enormous intensity of the vi 

tions of molecules exceeds that of the forks, and the pres- 
sure of the ether exceeds that of the air. There is no oc- 
casion to complicate nature by looking to a second medium. 
In fact, if the phenomena of vibration cannot explain ‘‘ co- 








hesion’’ and ali the phenomena of “‘ attraction,’’ the theory 
would be of little worth. 
THe WRITER OF THE ARTICLES. 
May, 1876. 





To Tue Epiror or ENGINRERING. 


Srr,—Allow me to make a few remarks with regard to 
the corres which has a) in the last few 
numbers of ENGINEERING on ‘ The Origin of Motion.” 


Your correspondent Mr. Pollard illustrates his views on 
the cause of the attraction of bodies by an imaginary ex- 
ni in the course of his letter (to which I refer you 
or the yr ogee he says, Pe sn in og ee ry _ 
periment the pressure of the air a’ 
sphere must ily be exactly similar, it by no means 
follows that the aérial density must likewise be uniform,” 
and in another place, ‘‘ The quantity of matter impinging 
against the outer half being in excess of that imping- 
ing against the inner half, but the momentum of the im- 
pinging molecules being equal in both cases.’’ 

The momentum of the impinging molecules cannot be the 
same in both cases, if the pressure of the air at any two 
parts of the sphere be exactly similar, and at the same time 
the density vary ; the pressure on a given surface depends 
on two things, (1) the intensity of the vibration of the im- 
pinging molecules, (2) the number of those molecules. — 

If we suppose the molecules to have been equally distri- 
buted before the introduction of the vibrating body into 
the medium, its introduction will produce concentric wave 
surfaces round the centre (supposing it a sphere)—as stated 
by Mr. Pollard—and as the areas of the surfaces in- 
crease proportionally with the square of their distance 
from the centre, the intensity of vibration must decrease, 
because the energy (vis viva) exerted by the vibrating 
sphere is distributed among a greater number of molecules. 

Owing to the variation in intensity (or velocity) the dis- 
tances of given concentric spheres from the centre before 
vibration will be c after its commencement, the 
wave surfaces being nearer each other as the distance from 
the centre increases ; it will thus be seen that the velocity 
(and consequently momentum) of each molecule decreases 
with an increase in the density. A plane introduced into 
the medium will come into contact with a larger number of 
impinging molecules, the greater its distance from the 
centre of vibration, but the intensity of vibration of these 


molecules will decrease ; the rs varying in an in- 
verse ratio, balance each other to a certain extent haps 
completely, in which case the pressure would be the same 


throughout). Apart from these considerations, it is clear 
that a brass ball into the medium would intercept 
and modify the vibrations, so that the action of the vieling 
sphere would be ive rather than attractive. It mus 
sino bo somnens Coat Se ae Oe cole een ee 
to a certain extent reflect the vibrations, if it be impervious 
to air. If you will permit me I should like to say something 
more on the subject in your next number. ans 





THE PROSPECTS OF CIVIL ENGINEERS 
IN INDIA. 


To THE EDITOR OF ENGINEERING. 

S1n,—The delusive expectations by which candidates 
were ai to the competitions to enter Cooper’s Hill 
College were held forth in the following questionable mesinte. 
With all the cleverness of an adroit manipulation it was 
intimated that a was almost equal to two shillings 
and then announced that the appointments to be com: 
for ranged from 4201. to 3000/. a year, a mode of putting it 
as attractive and as near to trath as the recruiting-sergeant’s 
announcement that each recruit who took the shilling might 
look forward to a general’s position. But if the true state 
of matters had at once been announced, and the real value 
and merits of the service been truly laid before the public, 
it would have saved the indignant feciings of bitter disappoint- 
ment which now pervades the service, and ented the 
memorials, representations, and petitions which now lie un- 
heeded in the pigeon-holes of lazy officials, yet to be un- 
earthed by the authority of Parliament. As matters go at 
present, the highest post to which a can attain within 
the period of his service will not entitle him to the emolu- 
ments of a clerk who has feat 8 a peo service at 
aig ap ae ee ag period. , the advantage is all 
on the side of him who refuses to go abroad. Length of 
service secures an annual s increase, fixed hours of 
labour, the comforts of a fixed home, and the companion- 
ship of relatives and friends, without the vexatious trials 
of an adverse climate, and the uncertainty of ever attaining 
to a retiring allowance that will insure more than a bare 
subsistence. The remedy must soon be applied, or the 
whole service will have attained to a state of mind and in- 
efficiency that will compel the Government to reorganise it 
ona more just and equitable footing. There must not onl 
be a moderate but a certain rate of advancement, combi 
with rules of retirement and pension, that will secure 
efficient men, and enable them to maintain their position 
in society. It is astonishing that the authorities at home 
do not see that the present system, which has produced and 
maintains a block in promotion, is the most disastrous that 
can overtake such a service. There are actually men 
up who are compelled to remain where they are 
can scrape sufficient funds to educate their families, 
who have felt that 


ment, and to t 
retired. 


tions, then we may 
service extort what 
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THE PHILADELPHIA EXHIBITION. 
Tue British CATALOGUE. 

Tue catalogue of the objects exhibited in the 
British Sections of the Philadelphia Exhibition was 
on sale upon the opening day, so that no want of 
promptness in this respect was shown by the Com- 
mission. Nor does it fail in point of completeness, 
indeed it errs on the other side, as it contains the 
particulars of many objects that have not been 
sent ; but in this respect no fault attaches itself to 
the compilers, who were obliged to send the catalogue 
to press in time to have it forwarded from London 
to Philadelphia prior to the 10th of May. But the 
book contains many defects, which it would not 
have contained if the Commissioners had been men 
of experience. It is too large for convenience, but 
we believe that the size was settled last summer. 
And it is too bulky, but this shortcoming is cor- 
rected by the arrangement of dividing it into two 
parts, one containing the catalogue proper and other 
matters relevant and irrelevant, and the other a 
very full and well compiled list of tariffs, informa- 
tion as to custom house fees, patent law, &c. 

These volumes are sold either separately or bound 
in one volume, and probably but few in the latter 
form will be purchased. The first of the two parts 
is that in active demand. As to the catalogue itself 
we may say at once that it reflects great credit upon 
its compiler Mr. Sweney, who has, however, ap- 
parently tried to ring the changes on exhibitors and 
exhibits, s0 as to repeat them with as many varia- 
tions as possible. This, however, does not affect 
the merit of the book. But what does affect its 
merit, and what makes the production utterly ridicu- 
lous, is an essay preceding the catalogue matter 
upon exhibitions, their origin and progress. It has 
seldom been our good or bad fortune to peruse such 
rubbish, and surely never has such a production de- 
faced the pages of a publication bearing the royal 
arms upon its title-page. As in all probability 
comparatively few of our English readers will have 
an opportunity of seeing the catalogue, we will give 
some short extracts which will serve as a sample of 
the whole. Thus we find it stated : 

But all this would have arrived without a Congress of 
the Nations, and is beside the great question of Art pro- 
gress, a progress so marked in its Toda, and so 
rapid in its strides that it would seem as if a century and 
not five lustres had passed away since a stone was thrown 
by a strong and brave hand into the ocean of time, the 
circles enlarging till they have embraced every branch of 
human industry, every scheme of modern thought, and 
have drawn within their span every nation upon the earth 
that lays claim to rank above the savage. 

A few pages further on we come to another simili- 
tude. The 185] Exhibition ceases to be a stone and 
becomes Adam, 

Events march rapidly in our times; the quarter of a 
century has removed many of the actors from this mundane 
scene, the Princely Founder, the eminent engineers, the 
able architect, the eloquent critics, all have passed away 
since that May Day, ween as if by 

A wizard’s rod, 
A blazing roof of lucid glass 
Leaped like a fountain from the grass 
To meet the sun. 
But their work survives, ’51 was the Adam of Exhibitions, 
and the Crystal Palace the Eve of a numerous posterity. 

As a sample of contradictory writing take the fol- 
lowing. We have italicised some sentences to make 
the thing clearer. 

Greece in ’59 not only revived the Olympic 'games—‘‘ We 
have the Pyrrhic dance as yet, where is the Pyrrhic phalanx 
gone,”’—but also inaugurated her first Exhibition at Athens 
with the creditable number of 947 exhibitors. 1860 was a 
very remarkable year, for nowhere, even in the realms of 
Prester John, the principality of Monaco, or the kingdom 
of the Grand Lama of Thibet, can the smallest trace of an 
Exhibition be found. Yet not so; even the consolation of 
proving the rule by the exception is denied to the searcher 
after truth. Stockholm in this year had its Exhibition, 
the number of exhibitors being 200. 

For the first time we read of some interestin 
features in connexion with the Paris Exhibition of 
1867, and which, if they had been known at the 
time, would surely have conduced greatly to the 
success of that undertaking. 

One feature of the Exhibition was the engineering 
triumph of the age and of M. Ferdinand de Lesseps, the 
specu tracame merce eis 
an s shown to the wo i 
ieleurs, ahil cuusille sustained the ‘histerit iatalion et 
For here on this Champs de Mars did noble, 
abbé, proletarian, great lady, and grisette work at the 
mounds that were to cireumscribe the theatre of the 
Féte de la Fédération. 


It is only on looking further down the page that 
the reader begins to understand that these earth- 
works were not constructed during the Exhibition. 
The introductory remarks on the Vienna Exhibition 


@\ir will probably be remembered that in the earl 


The Weltausstellung in the Prater of Vienna made 
Memorable a otherwise unnoteworthy, but the 

of ’73 is so much a thing ‘of to-day, there 
Seems little reason to again describe the main building wi' 
its rotunda (within which all the domes of the world could 
be enclosed), surmounted by the monster model of the Im- 
perial crown, its jewels winking in the sunlight, ‘‘ polished 
perturbation, golden care.”’ : 
Finally, we come to the concluding paragraph, 
evidently intended to touch American hearts, but 
unfortunately only too calculated to excite American 
laughter. % 

This year (to say nothing of the Finnis th at 
Helsingfors) will witness two expositions nese be 
usual importance, America’s — gathering in the 
pleasant k of Fairmount by the Schuylkill River, and 
the Exhibition at Brussels to lessen human suffering, save 
human life, and put into pega the teachings of the 
Founder of all our creeds. Thus will the Centennium be 
worthily celebrated by ‘‘ and goodwill to all men ;’’ it 
is for England and America to set an example to the nations, 
for this Hundredth Birthday of Young America is not 
only merely a holiday on one side of the Atlantic, it appeals 
to all who the mother tongue ; it is a bell that rings 
for ‘‘ the unity of the English-speaking world ;”’ it tells us 
how we muster in our strength seventy-six millions of free- 
men §) ing the tongue of Shak , of Byron, of 
Washington Irving, and of Longfellow, and as the cable 
joins the lands, so it should join the hands, and with them the 
earts ; once unite those whos the old , whether 
from the Old Country, from the States, from the Dominion, 
or from Australasia, and the of the world is secured ; 
once agree that “‘ blood is thicker than water,”’ and nothing 
can en again separate England and America save the 


= 


How in the name of common sense this essay or 
whatever it is came to occupy a conspicuous place in 
the catalogue of the British Commission we cannot 
tell. And this misfortune is the greater that the 
writer has taken great pains to collect his informa- 
tion, and he has collected more than we have seen 
ut together before on this subject. But he cannot 
or the life of him tell a plain story. He must call 
five years a ‘‘ lustre,” and the world “‘ this mundane 
scene ;” and he has perforce converted his essay 
into a {political scrap-book, and crowded his pages 
with irrelevant inverted commas. 

The next thing we have to point out as a serious 
defect is the insertion with almost equal prominence 
to the foregoing, of a glaring advertisement of those 
firms who supplied objects for the use of the Com- 
mission, To place the names of these gentlemen on 
record is a good and proper thing. But itis neither 
good nor yovees to introduce woodcuts from cata- 
logues and extracts from price lists into such a place. 
In the first place it is entirely inappropriate, and in 
the second place it leaves a fixed impression on the 
mind that the objects thus lent were not lent gra- 
tuitously, but were paid for by those advertise- 
ments, endorsed by the whole weight of the British 
Commission. 

The catalogue would have been far better, too, if 
the crude and staring lithograph of the British 
Official Buildings had been omitted. It does dis- 
credit to Messrs. Marcus Ward and Co., whose 
admirable design for the cover is very successful. 

We must not omit to give credit to Mr. Owen 
for having performed all the difficult work connected 
with this volume, which was practically completed 
before he resigned office. It was he who arranged the 
second part of the work, and laid out the whole 
scheme, including the wrapper aforesaid, To the 
present Commissioner belongs, we presume, the 
credit of allowing the essay on exhibitions past and 
present to.appear, In conclusion, we should point 
out that the portion relating to the colonies is ex- 
tremely well done. 








NOTES ON TORPEDOES.—No. VIII. 

PROPOSED NEW ARRANGEMENT DESIGNED WITH A VIEW 
TO AVOIDING THE ACCIDENTAL CLOSING OF THE ELEC- 
TRICAL CIRCUIT, 


part of the present series we enumerated at some leng 
the disadvantages attending the use of those circuit- 
closers in which external mechanism is necessary, 
in order to communicate the blow of a ship to the 
interior apparatus. We may, therefore, be charged 
with inconsistency, in venturing to propose as a 
guide to improvements on existing contrivances, 
an arrangement the peculiar object of which can 
only be obtained by means of an exterior ap- 
pliance. But in extenuation of our apparent in- 
congruity we would beg to remind our readers that 
our objections, as then stated, arose principally from 
the dithoulty experienced in adjusting such ig 
with any ~~ of sensitiveness, and their liability 
e 


well known, smcegyh peastienl mem, je,.he anges 
inseparable from the earlier species of this type of 
circuit-closers. In our p new gement. 
these demerits are entirely obliterated, the circuit- 
closing mechanism being as securel aparnes sagen 
any chance injury arising from either of the above- 
named causes as are Mathieson’s instrur 
ments ; the external contrivances being merely em- 
ployed for the purpose of connecting to earth that. 
portion of the instrument which is separated by 
the small space intervening between the contact 
points from that in direct metallic connexion, with 
the electric cable leading from shore, thus forming 
a second break in the electrical circuit. It is there, 
fore obvious that the concussion of a ship or other 
hard substance with the exterior appliance of the 
buoyant vessel enclosing the apparatus, could alone 
ree about the mechanical action necessary to close 
simultaneously the double break in the circuit, 

The arrangement by which we pro 


to effect 
so: desirable a result is shown by Fig. 27 on the 
next page; it is applicable to classes of me- 


chanical circuit-closers, with the exception of those 
which like the Austrian invention, employ ex- 
terior appliances for communicating the blows of a 
vessel to the circuit-closer proper. But in our 
illustration it is given-in connexion with a slightly 
modified form of Captain C. A, McEvoy’s conical 
weight circuit closer which has been selected for two 
reasons ; the first is, that of the various instruments 
of the kind invented by the ex-American officer, 
this has been the most favourably received by the 
Government Submarine Mining Committee, And, 
secondly, that of all approved appliances for closin, 
the electrical circuit sachanhenls , this would in all 
probability be one of the most difficult of applica- 
tion. 

The vessel employed for imparting the requisite 
buoyancy to the apparatus may he commie of 
either wrought iron, galvanised, or steel, according 
to the option of the p or manufacturer, 
the whole of the mechanism, as in the buoyant vessel 
described in our fifth article, being enclosed in an 
air-tight tube passing vertically through its entire 
length. Surrounding the metallic case at the 
shoulders is an angular wrought-iron hoop, or stay, 
on which rests the projecting rim of the wooden 
disc ae the top. ‘This disc serves to transmit 
the blow of a ship to the internal mechanism, the 
whole combination being held rigid by means of an 
india-rubber tyre, surrounding the vessel at the 
shoulders between the vertical side of the wrought- 
iron stay, and the projecting rim of the wood table 
or disc forming the top; and by its resistance de- 
pendent on its thickness, serves to regulate the force 
that must be used to put the interior apparatus to 
earth, This apparatus, as previously stated, in en- 
closed in a separate air-tight compartment, so that 
should the water through any unforeseen mishap 
make its way into the compartment containing the 
mechanism employed in connexion with the exterior 
teak table to put the internal instrument to earth, 
the apparatus in place of being rendered useless, 
would be merely converted into an ordinary me- 
chanical circuit-closer. Communication between 


means of a steel rod passing vertically through a 
boxwood sphere, moving in gun-metal bearings ; 
these bearings fit closely to the wood sphere in order 
to render the interior compartment air-tight, sufti- 
cient clearance being allowed at the upper and 
lower portion of the bearings to admit of the oscil- 
latory motion imparted to the rod by the teak table 
when struck by a ing ship. 
tremity of the steel rod is secured to the wood to 
by means of a wrought-iron disc resting on a thi 
washer of compressible india-rubber, which, by 
reason of its flexibility, prevents any undue strain 
on the spherical joint when the rod is moved from 
its vertical position, And to the lower extremity 
are oan, tae y ypusce Gites. one of neg i 
steel, the other of copper, co being 
connected by means OF an insulased wire to the 
circuit-closer proper. Surrounding the discs, but 
separated from them by an empty are six con- 
tact springs, three of soft iron three of brass, 
Pp alternately, attached to a brass ring sur- 
mounting a cylindrical spiral spring, also of brass, 
which is secured to the gun-metal base, and is in 
direct metallic connexion with the outer iron case 
which serves in lieu of an earth plate, The copper 
contact disc is gy ag with platinum contact 
points, corresponding to the position of the brass 





to become deranged or leaky either from concus- 





are in the writer's highest style. 





sion with passing ships, or long immersion ; defects 


contact spri jecting about ,y in. in ad- 
vance of the Saunas Wak 





the teak table and internal instrument is effected by © 


upper ex- ° 
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The action of the apparatus is easily understood. 
When the teak table by concussion is forced against 
the india-rubber ring, the ring by reason of its 
flexibility would yiel- to the pressure, allowing a de- 
flection of the wooden disc, and consequently caus- 
ing a deviation of the steel spindle carrying the 
contact discs. The platinum contact points would 
thereby be brought into contact with the brass con- 
tact springs, and the magnetic disc into contact 
with the iron contact springs or armatures, to which 
by reason of its magnetism it would tend to cling, 
until the spindle had almost arrived at its central 
position, when the tension of the cylindrical brass 
spring would overcome the magnetic influence of 
the steel disc, and the whole combination assume 
its original position. 

If preferred, however, suitable stops may be in- 
troduced to release the springs at a given point, 
instead of trusting entirely to the tension of the 
spiral spring. 

The object of the magnetic disc and armatures is 
to insure perfect contact between the copper con- 
tact disc and brass contact springs, and to allow suffi- 
cient time to elapse from the ing to the breaking 
of the contact, for the efficient action of the circuit- 
closer proper, 

In our illustration, Fig. 27, the pee new 
arrangement, with buoyant vessel and circuit-closer 
complete, is show in section. A is the buoyant 
case constructed of in. best iron galvanised. an 
angular wrought-iron hoop, built in with the case 
to strengthen it, and to provide a seat for the pro- 





jecting rim of the teak table, and also for the buffer 
ring. Cis the gin-metal tube enclosing the me- 
chanism, and D the covering and mooring cap, 
which is secured to the body of the case in precisely 
the same manner as that already described in article 
No, V. of the present series. 

Referring to our illustration of the special ar- 
rangement just described, E is the gun-metal bear- 
ing; F, boxwood sphere; G, steel spindle; H, 
wrought-iron disc ; J, india-rubber packing; I, wood 
top; K, india-rubber buffer; L, gun-metal base 
piece, resting on a gutta-percha washer U and held in 

ition by the bearing E; M, ebonite base plug; 
Ty. tentgenal gun-metal screw plug; O, cylindrical 
spiral spring ; P, brass ring surmounting the spiral 
spring and carrying the contact springs T, t T 
ay armatures S, 8, S surrounding the contact discs 
R. 

After fixing the mechanism in that portion of the 

n-metal tube C, prepared for its reception, pains 

ving been taken to ory adjust the gutta. 
percha washers employed to render the interior air- 
tight, the wooden top is dropped on, the vulcanised 
india-rubber packing and wrought-iron disc (H) 
fitted to the upper extremity of the steel spindle, 
and the whole secured by means of the nut ¥ 

In order to establish a ready means of metallic 
connexion between the foregoing arrangement and 
the cireuit-closer proper, an ebonite cylinder is 
fitted with an interior cylinder of brass, which it 
serves to insulate from the surrounding metal tube ; 








this cylinder projects slightly below the ebonite one 
and is provided with a brass terminal, to which is 
connected the extremity of the insulated wire lead- 
ing from the contact disc R. 

e mechanical circuit-closing apparatus is en- 
closed in an ebonite cylinder, fitted into the lower 
portion of the gun-metal tube C ; but the compart- 
ment enclosing the conical weight is provided with 
liniog of brass, which extends to the contact rim 9, 
and is arranged so as to make contact with the brass 
cylinder W, when the apparatus is screwed well 
home, thereby establishing metallic connexion 
between the contact rim 9, insulated from the con- 
tact disc by a small intervening space, and the 
copper disc R of the proposed new appliance. 6 is 
a ed spindle to which the contact disc (11) is at- 
tached, held down out of contact with the rim 9, by 
the conical weight 10; B, a brass spiral spring for 
forcing the disc upwards against the contact points ; 
2 is an ebonite boss ; 3, a gun-metal screw plug for 
screwing the apparatus well home; 4, an ebonite 
base plug through which passes the conducting wire 
for connecting the interior apparatus with the 
electric cable ; and 5, asecond hexagonal screw plug, 
for securing the plug 4; gutta-percha washers 
being employed at all junctions, in order to pre- 
serve the interior from contact with the water. 
The method here given for connecting the circuit- 
closing instrument with the electric cable is similar 
—as far as the ebonite base plug is concerned—to 
Mathieson's approved arrangement, excepting that 
in this instance one pee ig | wire only is pro- 

vided ; the object being to 
prevent the possibility of 
a mistake occurring, when 
connecting up the instru- 
_ ment for service. The inner 
projection of the conducting 
wire is insulated to 7, in. 
with india-rubber ; and after 
being coiled spirally, in the 
manner shown by the an- 
nexed sketch, its extremity 
eo to onde we end 
of the brass spindle i 
the contact also, na 

It will be easily under- 
stood that a concussion of 
water arising from the ex- 
plosion of a neighbouring 
charge, or other causes, 
liable, to transpire when the 
mines in question are moored 
in exposed situations, would 
fail to affect the rigidity of 
the teak table and mecha- 
nism connected therewith, 
even though the buoyant 
vessel was caused to heel 
over at an angle beyond that 
which would suffice to mo- 
mentarily cant the conical 
weight, thereby releasing 
thesmall spiral spring, which 
immediately raises the contact disc into contact 
with the contact rim, and thus effectually closes the 
circuit at this point. 

On the other hand, when the teak table by con- 
cussion with a passing ship is struck from its central 
position, the deflection is transmitted to the steel 
spindle, and so to the metallic contact discs affixed to 
its lower extremity, causing them to make contact 
with thesurroundingsprings and armatures, thus con- 
necting the contact rim of the self-acting circuit-closer 
to earth, and so completing the electrical circuit. 
Since it is obvious that the force necessary to deflect 
the teak table would also suffice to cant the conical 
weight, and effect the double action requisite to 
close simultaneously the two distinct breaks in 
the electrical circuit, it {therefore follows that 
should the firing battery be in circuit when this 
double action takes place, the explosion of the 
attached char, woud be inevitable. 

In this, as in all other instruments of the kind, it 
is impossible to form any definite criterion of the 
tan or disadvantages likely to acerue from 
their adoption, except by practical experiments. 
Enough appears, however, to justify comparison 
with the numerous inventions under present discus- 
sion by the Government. 

We would observe with reference to Captain C, 
A. McEvoy’s conical weight cireuit-closer—a modi- 
fication of which is given in our illustration—that 
this instrument has lately undergone a series of 
trials made by the Royal Engineers in Stoke’s Bay, 





when the ity of its action under the varied 
conditions of the trials could not but elicit marked 
approval from the officers conducting the experi- 
ment. Lieutenant Bucknill, of the War Office 
Torpedo Committee, appears to have been much 
impressed with its performance, but considered that 
the efficiency of the instrument would be augmented 
if a suitable arrangement was provided, by which 
its sensitiveness could be more effectually controlled ; 
this modification he suggested to the inventor, Cap- 
tain McEvoy, who promised to give the matter his 
prompt attention, being influenced no doubt in the 
readiness with which he acquiesced with their views, 
by the acknowledged weight its favourable notice 
by the British Government would have with foreign 
powers. Be this as it may, his fertile ingenuity 
soon produced an instrument age rsa. the desired 
modifications; this was duly forwarded to the 
Chatham School of Submarine Mining, and is now, 
in company with numerous other circuit-closers, 
~ i a series of experimental tests in Stoke's 
ay. 

We are not disposed to believe, however, that 
either McEvoy’s apparatus or that of any other out- 
sider (to use a general phrase) will be adopted by 
the Government, as we understand that a special 
department is to be formed at the Royal Arsenal, 

oolwich, for the manufacture of torpedoes, and 
the requisite appliances connected with them, the 
whole to be conducted under the superintendence 
of Professor Abel and his staff. It is needless to 
observe that with a superintendent of such well- 
known abilities, such an arrangement could not but 
be —— of good results. This proposition 
would also seem to imply that definite ideas have 
been shaped for the remodelling of the present 
system of mooring; since it would be impolitic to 
suppose that the Government intend working further 
in a direction which recent experiments have proved 
to be far from effective. And if any satisfactory 
method for overcoming this obvious impediment 
to the efficient working of the system has really been 
arrived at, it is not difficult to foresee that a circuit- 
closer embodying the requisite requirements, may 
be ere long expected to emanate from the same 
school. Civil inventors—in this branch of electrical 
science—have not in consequence much to hope 
from the notice of their inventions by the Govern- 
ment; besides in the handc of such a man as Pro- 
fessor Abel most of these instruments might easily 
be modified in such a manner as to elude the patent 
rights. In our opinion the only speciality relative 
to circuit-closers that afforded promise of adequate 
remuneration, had it have been patented, was the 
enclosing of the apparatus within a buoyant air- 
tight vessel, first suggested by Captain C. A. 
McEvoy, who from some unexplained reason failed 
to grasp the full importance of the device ; how 
else can we account for his omitting to secure for 
himself an arrangement that must necessarily have 
given him acertain degree of monopoly in torpedo 
matters ? 

The annexed sketch, Fig. 28, represents a sec- 
tional view of the modified conical 
8 weight circuit-closer now being tested 

A by the Royal Engineers in Stoke’s 
4 Bay. The modification consists in 
4 substituting for the loose rod carry- 
4 ing the contact arms or disc, a me- 
G tallic spindle having one extremity 
firmly secured to the centre of the 
A base of the conical weight ; this rod or 
spindle projects downward through 
a4 a diaphragm in the tube, on which 
kay the weight rests; surrounding the 
4 spindle is a small spiral spring the 
Z upper extremity of which is held 
against the lower face of the midriff, 
by means of a nut traversing the 
lower end of the spindle. When the 
nut is tightly screwed up the spring 
has a tendency to hold the weight tight to the dia- 
phragm. It is, therefore, apparent that by relaxing 
the pressure on the spiral spring the apparatus may 
be aijusted to any degree of sensitiveness, or, in other 
words, the force necessary to deflect the conical 
weight from its vertical position is governed by the 
depression or relaxation of the — spring. This 
arrangement, by which this modification is made to 

form the functions of a circuit-closer, is as 
ollows : to a second diaphragm in the tube situated 
below that already referred toas bearing the conical 
weight is affixed two insulated terminals, to one of 
which is connected an extremity of the insulated 
conductor passing through the electric cable to the 
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positive pole of the voltaic battery, the negative 
pole having been put to earth, while to the other is 
attached an insulated conductor connecting it with 
the outer iron vessel, which serves in lieu of an 
earth plate; metallic connexion between the two 
insulated terminals is effected by means of a brass 
contact spring attached to one and held out of con- 
tact with the other by the central spindle of the 
conical weight so long as the instrument remains at 
rest; but On the concussion of a ship with the 
buoyant vessel enclosing the apparatus, the conical 
weight is thrown from its vertical position, deflect- 
ing the spindle, and so releasing the brass spring, 
which rising into contact with the metallic tongue 
of the second terminal momentarily completes the 
electrical circuit. 

This simple means of adjusting the sensitiveness 
of the apparatus will be at once understood on re- 
reference to Fig. 28. A is the brass tube enclos- 
ing the mechanism, B the diaphragm supporting 
the conical weight, C D the metallic spindle, E 
spiral spring, F screw nut for adjusting the sprig, 
GG brass terminals fitted with binding screws 
H H, [ brass contact spring, and J J insulated 
conductors, 

The voltaic current in this case flows from the 
battery on shore, through the conducting cable and 
insulated wire J' to the terminal H, where the circuit 
is broken by the small space intervening between it 
and the contact spring I ; this space is closed by the 
momentary canting of the conical weight C, and 
consequent deflection of the spindle D, itting 
the contact spring to rise into contact with the con- 
tact spring I, when the current flows by the contact 
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_ spring to G*, binding screw H, insulated conductor 





J*, and so to earth, thus completing the circuit, 

In a later modification of this principle of rigid 
spindle and adjustable spiral spring arrangement, 

aptain McEvoy employs a ball weight in lieu of 
the conical weight to surmount the vertical spindle. 
It is obvious that one advantage of this latter device 
is, that the instrument will work more smoothly, as 
the slight jarring action attending the canting of 
the conical weight will be entirely overcome, 





THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 
MAGNETISM AND ELEctricity.—No. III. 


THE instruments for the observation, measure- 
ment, and registration of terrestrial magnetism 
brought together at South Kensington form in 
themselves a history of the important branch of 
— inquiry with which they have to do, and a 
ull description of all the instruments in this collec- 
tion would in itself constitute a treatise upon the 
subject. 

here is little doubt that the magnetic needle was 
known to the Chinese more than 2600 years before 
the Christian era, under the name Tchi-nan, or 
“Chariot of the South,” but they appear to have 
used it exclusively for guidance on land, for it is 
not till nearly 3000 years after, that we find any 
record of its being used by them at sea. Marco 
Polo was the first European who made use of the 
magnetic needle as a nautical instrument, and by it 
he steered his vessel on his return journey to 


Europe from the East Indies in the year A.D. 1260, 
and stated that he ebtained his instrument from 
Cathay, a district of Birmah, to which place it had 
found its way from China. 

In the Loan Collection there will be found two 
com of Chinese origin, one having a cover of 
mica in the place of a 

There is also an interesting series of compasses 
contributed by the Hydrographic D ent of 
the Admiralty, and another by the Royal Naval 
Museum at Greenwich. Most of these instruments 
are obsolete at the present day, but they are interest- 
ing as showing the patterns that have been in use 
in the Navy at various dates. 

The first discovery in terrestrial magnetism of 
any importance was made by a Columbus 
in the year 1492, when during his voyage he 
found out that the magnetic needle does not point 
to the true or geographical north pole of the earth, 
in other words that the plane of the magnetic me- 
ridian is not coincident with that of the astronomical 
meridian, and he made during the same voyage the 
discovery that the compass-needle does not point 
in the same direction at all parts of the surface of 
the earth, But it was not till nearly 300 years 
later that Coulomb invented the torsion balance, 
and with it made those investigations upon the 
quantitative laws of magnetism which faid the 
foundation of magnetic measurement, and which 
were the commencement of its reduction to an 
exact science. The torsion balance is founded 
upon the law that if a wire be twisted through a 
certain angle, the angle of torsion is proportional to 
the torsional force. In its simplest form it consists 
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of a short bar magnet, suspended horizontally at its 
centre of gravity over a uated circle by a 
vertical wire, which is attached at its upper end to 
a holder or torsion head carrying an index, which by 
its position with régard to a concentric divided 
circle indicates the amount of rotation given to the 
head, and, therefore, to the upper end of the wire. 
The instrument is first adjusted so that the index 
points to zero when the suspended bar is in the 
magnetic meridian. The torsion head is then 
turned and the angle which the bar makes with the 
magnetic meridian is observed. As this angle is 
proportional to the force of torsion, the force of 
the earth’s magnetism upon the suspended bar is 
eliminated by a simple calculation. A vertical 
magnet is then introduced and fixed in such a posi- 
tion with regard to the suspended magnet, that the 
end of the latter which is nearest to it is repelled 
through an angular distance, which is shown 
ition with re to the lower divided circle. 
he torsion head is then turned until the suspended 
magnet makes another with the meridian, an 
the amount of its turning is read by the position of 
its index, In this way Coulomb investigated the 
action of the earth's etism ; he at the same 
time discovered the remarkable law that magnetic 
attractions and repulsions are inversely as the 
squares of the distances, and he was enabled to 
verify this deduction by another method, namely 
that depending upon the number of oscillations 
which a suspended magnet makes in a given time in 
the presence of magnetic influences. The 
modern form of Coulomb's etic torsion balance 
is represented by a fine instrument (No. 1137) con- 
tributed by Messrs. Warmbrunn, of Berlin. ‘There 
are several instruments in the collection for observ- 
ing magnetic intensity by the oscillations of a vibrat- 
ing needle, The earliest of these is the instrument 
used by Hansteen in his magnetic survey of Norway 
and the shores of the Baltic between the years 1819 
and 1824. It consists of a cylindrical magnet 
2.65 in, long and 0.15in. in diameter, suspended 
horizontally from its centre by a single untwisted 
silk fibre from a winder above, by which its height 
can be raised or lowered. The number of oscilla- 
tions in a given time is counted first under the in- 
fluence of the earth’s etiam alone, and then 
under the combined influence of the earth's mag- 
netism and that of a movable et placed at 
various distances, the number of vibrations of the 
suspended needle and the distance of the movable 
being observed for each position, ‘Ihe re- 
sults obtained by this method are identical with 
those deduced from observations made with the 
Torsion balance. 

Coulomb was followed by Gauss, who was con- 
sidered in his day the greatest mathematician in 
Europe. Gauss was the first to introduce the system 
of absolute measurement into the observation of 
terrestrial magnetism, and his methods of accurate 
research are now bearing fruit in all branches of 

hysics, He it was who pointed out, in the year 
833, how the effect due to the particular magnet 
used could be eliminated ; and, by making corrections 
for instrumental error, he was able to measure the 
absolute magnetic intensity for any given place in- 
dependent. of comparisons with other localities, 
tis interesting, too, to remember that Gauss was 
the first to attach to a body, whose vibration or 
angular displacement is to be observed, a mirror 
which by retlecting the divisions of a scale into a 
fixed telescope, as in his instruments, or by throw- 
ing the image of a spot of light upon a divided 
screen as devised by Sir William Thomson, renders 
apparent the minutest displacement of the body to 
which it is attached. It places in the hands of the 
philosopher an imponderable and frictionless index 
which may be of any length, and, therefore, can 
mark its indications upon a scale of any amount of 
exaggeration. Photographs (Nos. 1208—1214) of 
Gauss's original instruments have been sent by the 
Géttingen Observatory, and a Gauss’s magneto- 
meter of modern construction (No. 1220) is con- 
tributed by the Polytechnic School at Cassel. 

Terrestrial magnetism influences a freely sus- 
— magnet differently at different places, 

t in three ways: first, by giving a direction 
with regard to the points of the horizon, which 
direction is called its ** declination” or ‘ variation ;” 
second, by directing it into a ition in re- 
gard to the vertical, known as the “inclination,” 
or “‘dip;” and, third, the “force” that urges it in 
either of these we oem to which the term ‘‘in- 
tensity,” horizontal or vertical, is applied. What is 
called the “ total intensity” is obtained by dividing 


| passed backwards and forwards 


the horizontal intensity by the cosine of the dip. 
These three influences, which are within certain 
limits continually varying, are known as the magnetic 
elements, and are each measured by instruments 
which in all their typical forms are exhibited in the 
Loan Collection. 

Of declination compasses, of which the mariner’s 
compass is the best known type, there is a large 
collection, several possessing historical interest, and 
all illustrating the improvements that have been 
made from time to time, beginning with the early 
compasses of the Chinese, and ending with Sir 
William Thomson’s latest contribution, and which 
he described at one of the conferences. In this 
instrament extreme lightness of the compass card 
is its characteristic. It consists of a thin ring of 
aluminium of [ section, round the horizontal flange 
of which are drilled a number of fine holes; the 
centre is also of aluminium carrying.a small agate 
or jewel, and having round it a thin flange with a 
corresponding number of holes; a silk is 
between the outer 
ring and the centre as an endless lacing (so that it is 
in principle not unlike the tension wheels of the best 
bicycles), Besides the holes for the suspension of 
the rim from the centre there are four other holes 
drilled in the flange of the outer ring symmetrically 
round the centre, two on each side of the meridian 
line; an endless thread of silk is through 
these holes, and to this silk is attached by double 
‘‘hitehes” the magnet needles made of steel wire. 
In the larger instruments there are eight of these 
needles, four on each side of the meridian line, and 
in the smaller circles there aretwo. By this method 
of attaching the needles great. facilities of adjustment 
are obtained, and when the adjustment is complete 
a touch of shellac varnish fixes the thread and makes 
the adjustment permanent. To the outer flange is 
attached the compass card of paper, which to avoid 
distortion under the influence* of variations -of 
humidity is made in sixteen sections divided radially. 
Deducting the weight of the needles the whole in- 
strument weighs but a few grains, so that the friction 
on the pivot, and the work which the needles have 
to do, is reduced to a minimum. 

Another instrument for measuring magnetic de- 
clination is the declination theodolite, which consists 
of a telescope having motions in altitude and azimuth 
fixed over a delicate compass, and revolving round 
it upon a divided limb. The telescope is turned 
until its line of collimation is in the plane of the 
astronomical meridian, and the difference between 
the reading of its graduated circle and that of the 
arc to which the compass needle is the index, gives 
the declination E. or W., according as the needle 
points east or west of the astronomical meridian. 

The instrument by which the inclination is 
measured is the dip circle, which wiil be found in all 
its forms in the collection. For historical interest 
none can exceed the instrument (No. 1187) which 
was used by Captain Cook during his voyage round 
the world, and which is contributed by the Royal 
Naval Museum. It was with this instrument that 
Captain Cook found the inclination in latitude 
60 deg. 40 min, S. to be 43 deg. 45 min., which is one 
of the greatest inclinations ever recorded, 

The dip circle consists essentially of a magnetised 
needle, supported upon a horizontal axis through its 
centre of gravity in such a way that it is free to 
move in a vertical plane concentric with a vertical 
graduated circle upon which the position of the ends 
of the needle pedis =: read off. The deviation from 
Gopeteewn or zero line of this circle is the amount 
of dip. 

A more accurate instrument, adapted for fixed 
observations, is the Kew dip circle (1193). In this 
instrument the needle has no metal near it, but its 
position is read by two telescopes, one opposite each 
end of the needle, which are attached to a oe 
graduated circle, the position of which is indicate 
yy, verniers vom opposite ends of its diameter. 

0. 1190 is a drawing of an exceedingly sensitive 
dip circle designed by Dr. Joule, in which a magnet 
weighing 20 grains is suspended by spiders’ webs 
from its axis to the arm m1 balance, which is sup- 
ported by a fine stretched wire. The indications of 
this instrument are read by a telescope, and can be 
determined within the fraction of a minute of a 
degree. 

As both the declination and the dip vary not only 
in different places, but at the same at different 
a —— rege coe form a ons he 

public observatories, an: means -register- 
ing magnetometers the vecibens of the earth's 





ing 
magnetic force is recorded from day to day. The 





regular variations are of three kinds, secular, 
annual, and diurnal. Secular variations are the 
alterations in the declination which take place from 
time to time, the needle oscillating to the east or 
west of the astronomical meridian, taking several 
centuries to pass from one extreme to the other. 
Thus in the year 1580 the magnetic needle in London 
was pointing as much as 1] deg. to the east of true 
north, in 1660 it was pointing exactly north, the 
magnetic and astronomical meridian being the same 
during that year. Since that time it has pointed to 
the west of north. It reached its maximum in 1815, 
when its variation was 24 deg., and since then it has 
been going back towards the true north. Last year 
the variation of the declination was 19 deg. 15 min. 
W.., and this year it is 19 deg. 8min. W. The annual 
decrease at Kew is at present r>.aer less than 8 min., 
so that at this rate the compass needle will not point 
to the true north again for over 140 years. 

Besides these there are’both annualand diurnal varia- 
tions. It is found in this country that the magnetic 
needle moves from east to west between sunrise and 
an hour or two after noon, at which time it moves 
towards the east, regaining its original position about 
8 o’clock, P.M., remaining stationary until sunrise, 

As a result of the establishment of magnetical 
observations in various parts of the world, a very 
remarkable coincidence has been observed between 
the occurrence of irregular magnetic variations or 
‘“* perturbations” and the phenomena of the Aurora 
borealis, and Sir Edward Sabine has shown that 
there is an unmistakable connexion between the 
so-called ‘‘ magnetic storms” and the occurrence of 
sun spots. 

The instruments by which the magnetic inten- 
sity both vertical and horizoutal is measured at 
magnetical observatories, are well represented in the 
Loan Collection by the original magnetometers used 
in the St. Helena observations between the years 
1840 and 1849, and which are contributed by the 
Kew Committee of the Royal Society. In these 
three instruments their displacement is measured in 
the same way, that is to say to each magnet is at- 
tached a collimator having a lens at one end and a 
frame carrying cross wires at the other, the move- 
ment of this collimator over a fixed scale being 
observed through windows provided in the case for 
that purpose. 

By far the most accurate instruments, however, 
for recording the declination and horizontal and 
vertical intensity of terrestrial magnetism, are the 
very beautiful self-registering magnetometers de- 
signed by Mr. Charles Brooke, F.R.S., which record 
by means of photography “tie, variation of the mag- 
netic force which takes place by day or night. ‘The 
horizontal force is measured by means of the bifilar 
magnetometer, and the vertical intensity by the 
balance magnetometer. 

The former consists of a bar magnet suspended 
horizontally by two nearly parallel bundles of silk 
fibres separated by a short interval. The double 
— of suspension is rotated until the magnetic 

occupies a position perpendicular to the mag- 
netic meridian, that is to say pointing east and west. 
In this position it is retained by the opposition of 
two equal forces, its own weight tending to un- 
twist the bifilar attachment, and the horizontal 
component of the earth’s magnetism tending to turn 
it in the opposite direction. The former remaining 
constant it is clear that variations of the latter will 
produce corresponding movements in the suspended 
magnets. ‘To the magnet is attached a concave 
elliptic mirror, which condenses the rays coming 
through a vertical slit in a copper chimney sur- 
rounding an ordinary gas flame upon a sheet of 
photographic sensitised paper wrapped round a 
horizontal cylinder, which is driven round by a 
clock once in twelve hours. The image of the slit 
is condensed into a mere point upon the paper by 
being passed through a long cylindrical lens fixed 
close to and parallel with the revolving cylinder. 
The two curved surfaces of this lens being parts of 
a cylinder instead of a sphere, rays of light passing 
through it are conde vertically, but undergo no 
refraction horizontally; greater intensity of light 
is thereby obtained in the spot upon the paper, and 
a shorter exposure is necessary for the line to be 
traced. In order to mark a zero line a spot of light 
is reflected upon the paper from a second lamp, by 
a small plano-convex prism fixed above the cylinder ; 
and as the position of this never changes, the zero 
or datum line of the magnetogram is traced inde- 
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perature, decreasing as the latter rises, a magneto- 
meter not compensated for this influence, unless kept 
in an absolutely uniform temperature, would give 
different results in summer and in winter, indicating 
a decrease or an increase of terrestrial magnetism 
when in reality the variation might be due to 
errors in the instrument itself. 

{n the bifilar magnetometer this variation caused 
by temperature is corrected in a most ingenious 
way. It will be remembered that the magnetic 
bar of this instrument is retained in its place by the 
tendency of its own weight to untwist, the bifilar 
attachment being opposed by the horizontal force 
of the earth’s magnetism pulling it the other way. 
It is clear, then, that by diminishing or increasing the 
distance between the two supporting threads the 
torsion force opposing the earth’s magnetism is 
decreased or increased accordingly, and it is by 
altering this distance automatically that the com- 
pensation for temperature is effected. 

A horizontal glass rod is attached at the middle 
of its length to the top of the magnetic bar. Two 
short zinc tubes, fitting over this rod loosely, are 
clamped by one end to the extremities of the glass 
rod in such a manner that their free ends must 
approach one another upon any increase of their 
length due to expansion by heat. To these free 
ends are fixed the two hooks by which the magnet 
is suspended to the threads, In this way an increase 


of temperature Causes an approximation of the hooks} 
by a quantity equal to the difference of expansion’ 


of the glass rod and the zine tubes, the torsional 
force is thereby diminjghed, and the position of the at 
tichments of the tubes to the glass rod is so adjusted 
that the diminution of the torsional force is equi- 
valent to the falling off of intensity in the magnet 
as the temperature rises, and vice versd. 

For registering the vertical magnetic force the 
balance magnetometer is used. In this instrument 
a bar magnet is delicately poised upon knife-edges 
like the beam of a balance, and is placed at right 
angles to the magnetic meridian. tts tendency to 
become vertical, through the earth’s vertical mag- 
netic force, is counteracted by a counterpoise which 
maintains it in a horizontal position. To this magnet 
is attached a mirror, and it is furnished with a photo. 
graphic recording apparatus in every way similar to 
that belonging to the bifilar instrument, except 
that the revolving drum and cylindrical lens aré 
placed vertically instead of horizontally. . The 
compensation for temperature is, however, different, 
This is effected by attaching to the magnetic bar 
a small mercurial thermometer in such a manner 
that an increment of temperature transfers a portion 
of the mercury from one side of the centre of 
gravity of the bar to the other, taking — from 
one side and putting if on to the other. The posi- 
tion of the tube, and the proportion between its 
internal diameter and the capacity of its bulb, 
are so adjusted to alter the moments of the 
balance about its fulcrum as to be proportional to 
the variations of the magnetic intensity due to 
alterations in temperature, 

These are the instruments which have been for 
many years used in the magnetical observatories at 
Greenwich and at Toronto, and in a modified form 
at Kew. At the Royal Observatory at Greenwich 
the hours are marked upon the magnetograms by a 
simple contrivance, At the commencement of each 
hoar a screen or shutter is lifted by a clock, allow- 
ing the rays from a lamp to fall upon the whole 
leugth of the cylindrical lens of each instrument, 
and be condensed into @ fine line of light upon the 
prepared paper... This screen is, a few seconds 
after, lowered again by the clock, a black line 
having been photographed upon the paper in the 
interval. Besides the compensation for tempera- 
ture with which all the instruments are provided, 
they are placed below ground in a room in which 
the temperature varies but a very few degrees 
during the year. 

,_ The corresponding instruments at South Ken- 
sington will repay a careful examination, more 
especially if compared with the St, Helena magneto- 
meters (No. 1222), and photographic declination 
magnetometer of Sir Francis Ronalds (No. 1230). 
They are, moreover, of historical interest, as being 








_ JUDGES AT, PHILADELPHIA. 


Tue labour of officially reporting upon the various 
sections of the Philadelphia Exhibition began early, 
the first meeting of judges having taken place on 
the 24th of May. Englandis especially fortunate in 
being represented by Sir John Hawkshaw, Colonel 
Rich, Mr. 1. L, Bell, Major Noble, Mr. Barlow, and 
others. The following gives the details of organi- 
sation and the duties, of the j , from 
will be seen that the tabbre be be ores 

1. Awards shall be 
by the signatures of their se na 4 aie ; 

2. Two hundred and fifty jndges have 
make such reports, one- whom 
one-half citizens of the United & . 
selected for their known qualific 
are presumed to be experts in 


have been respectively Th 
this bee mpr been, appeintad 
country, in conformity wi ‘ 


to each th ited States 
The pao the United States 
the ial Commission. 













based 
rn of merit shall be held 
originality, invention, 
workmanship, fitness for 
— adaptation to the p wants, 
4. To fa 
attioles exhibited 
of whieh a , om A 
n fe 
devarionets of agriculaye and, bociaail 
) c 
form tamporary exhibitions, have been re sper 
grou judges will be assigned to them hereafter. 1 
. The ja ges will meet for organisation on May 24, at 
12a.m.,/at the Judges’ Pavilion. aay ve enter upon 
the oe 






















‘of examination with as little delay as practicabl 
= peend awards without regard to the nationality 
6. The judges assigned to each group 
a 
foo minvice of 
©0) - 
in each § 
and 





8. Awards will be finally decreed by Sie Uaited Bt 
Commission, in peenienes with Act of 
bps > alah 1, 1872, and consist of a special report 
of the judges on the subject of the award, together witha 
i and a uniform bronze-medal-:. , 

. Upon matters not submitted for compétitive trial, and 
upon euch others as may vo hegeoe. etd ihe pommiasice, the 
udges will prepare reports s progress made 
i the past hundred years. 5 i 


10. Vacancies in the corps of will be filled by the 
authority which made the origi ent. No ex- 
hibitor can be a judge. An exhi who is not the manu- 
facturer or producer of the article exhibited shall not be 


entitled to an award. ‘ s 

11. The Chief of the Bureatijof Awards will be the re- 
presentative of the United Centennial Commission in 
its relations to the judges. U 
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whole, in a depressed condition. There has been rather 
doing in the basin of the Loire during the last few days, 
but in the Nord and the, Pas de Calais colliery proprietors 
are neither nor selling very much 
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SINGLE-CYLINDER MARINE ENGINE. 

Amone the comparatively few exhibits of marine engines 
at the Centennial, those of Messrs. William Cramp and Sons, 
of Philadelphia, occupy a-prominent place. We illustrate 
on page 480,‘ the smallest of their exhibits, a single-cylinder, 
high-pressure, surface condensing engine. class of 
engine has been largely introduced upon tug-boats running 
on the Delaware and other rivers, where paddle-wheels 
generally abandoned for screws on towing boats. As 
OWnoin the engraving the point of cut-off is controlled by 
iter he stroke of the expansion valve. It will be seen 
wver end of the expansion valve spindle terminates 



















fin on which is placed a link which descends as 
@scillating segmental arm attached at one end to 
‘Main pillars forming the framing of the engine. 
; which is graduated, is attached the upper end 
which motion is given by a crank on the 
‘as shown. The lower end of the link descending 
expansion valve spindle slides 
may be locked in any desired 
‘Brew and handle shown; and by 
red degree of expansion may 
1 eversing gear consists of a handwheel, 
@ pinion on jaft which gears into a segment 
be paren teeth, “throws the lever attached to the 
toand fro, T pump is worked in the ordinary 
4 : ; ected with the crosshead, which 

puide upon the main frame. 
of this engine is 20 in., and the 
» ith 59 lb. initial pressure in the 
nda speed of 100 revolutions per minute, an 

: me power of 196 was developed on trial. 


/ “SHEARING MACHINE. 

Wz illustrate onpage 477 a very powerful machine con- 
structed by (Messrs. W. Collier and Co., of Manchester, for 
cutting ba¥ iron up to6 in, square cold, and shearing plate 


































scrap up to? in. thicky” It will be seen from our engraving 
that the frame of the machine is cast in two parts secured to- 
gether by steady pins, and is very strong and 
massive, "Dé two'tutting slides are actuated by a sieel 
eccentric shaft, 14/in. in diameter, and it will be seen that 
the eccentric wor! the middle knife wherein the 6 in. 


square bape cut, is supported close up to its work, on 
each side tric, by the main frame of the machine, 
one half of which #® bored out and bushed, the bush being 
sufficiently Garge to allow the eccentric shaft to be 
got into its places Each shear slide is provided with a 


separates On to throw it out of year instantly with- 
out stoppi ine. 
The of two pairs of wheels, the first pair 


tes | being 4 in. pitch, 12 in. wide on the teeth, and the second 


pair 6 in. pitch, 15 in. wide on teeth, the large wheel being 
11 ft. 4in..in diameter on the pitch line, and weighing 
8 tons. : 

The steam engine has a cylinder,16 in. in diameter, with 
plain slide valves, and a high-speed, quick-acting governor. 
It drives direct on to the first motion-shaft of the machine, 
and is provided with a heavy flywheel, The total weight 
of the machine is 65 tons, andit has been put to work in 
Messrs. W. Gollier and Uo.’s works, and given every satis- 
faction. 

‘The whole machine appears to have been carefully designed 
and well finished, and forms a fair sample of the massive 
strength and power to which the tools of the present time 
are being brought."y'We purpose in due course to bring 
before our readerg.several other machines of this class 
recently ned, and now in course of construction by 
the same E 





TraMways AT FranxkrortT.—The shareholders in the 
Company will receive a dividend for 
te of 94 per on. ye annum. The traffic 


proportion of the working expenses to 
quite 50 per cent. 
ay Orry Warznousss.—We understand 


Messrs. Kirk and Randall, are making 
with the London and North-Western 








; REAT se E is ae ; ilway Company’s pew aud extensive goods warehouses at 
of the Sth May, i fished an Tstetnting. loteer con- | Broad-street Station. ‘These warehouses are being con- 
cerning a large Corliss. reéently constructed by Mr. structed withall the most modern improvements and will 
Van den Kerehove, de la Lys of Ghent | be with hydraulic hoists, dc. A large quantity 
The facts i engine as given in the letter are | of, ronwork—some,3000 tons—will be used, and is now 
correct, but the wit er was probably in rance of the | being delivered throngh Mr. Hughes of 85, Gracechurch- 
part Mr. Corliss had inthe design of this fine work. “The | street. We are informed that the warehouses are to be 

ines exhibited by Mr. Corliss at the Paris Exhibition of | completed a8 soon as possible, and they will be of great 
1867, were sofavourably regarded by Mr. Van den Kerchove, | convenience to the interests of the metropolis. 


that that gentleman made an arrangement with Mr: Corliss 
by which the latter undertook to supply Mr. Vanden Ker- 
duns with drawings of all engines to build 
such drawings to bear in all cases Mr. ce eos, 
Under this arrangement Mr. Van den Kere Uta 700 
horse +o , whieh worked 

to to the proposition of building one of 


power for the same works. Upon negotiations 
ith Mr. Corliss, ‘that gentleman supplied 


so well, as 
2000. horse 


the first instruments in which automatic registration being ¢ “ i 
; f engine built in 1870 
was made by photography, which was introduced = the A toca: ill, Now This engine of 
simultaneously by Mr, Charles Brooke and the late | 1450 Worse -power, drives 100,000 spindles at this mill 
Sir Francis Ronalds. The design ing been , the whole of the de- 
: A aha Mr. Corliss to Belgium, and 
Locomorr “on Be is four y later, the engine was set to 
Works at Dunkirk. New You | so Neva herb that the Ssthen bao © 40im- cylinder, 

H » New , 4 i e a 44 in. 

engines for the Exi ve Seahpemeaenen Sweety and tate cape aey pve matey ’ 





z cylinder and expands in the other; but w 





CompounD® Cr~rnpzR Locomorivis.—A compound 

linder locomotive'is at trial on a French railway. It is the 
first of a set of similar engines made for the Bayonne-Biar- 
ritz Railway Company, by MM. Schneider and Co., Creusét, 
on the improved compound principle ted by a Swiss en- 
gineer, Mr. A. Mallet. These have only two cy- 
linders, the small of 94 in. and the one 16 in. in dia- 
meter ; stroke 17# in. ; porsnal epee Dees veer 150 lb.'; 
weight in working order about , the ordina 
circumstances the steam is admitted in the ‘small 


when a much larger amount of power is required, as on a 
steep gradient, each cylinder works with separate admission 
and exhaust. Besides the sa’ of fuel expected the 
capital object is the reduction of heating surface, in the 
= mentioned engine that surface being only 516 square 


€ 
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SINGLE-CYLINDER SCREW ENGINE AT THE PHILADELPHIA EXHIBITION. 
CONSTRUCTED BY THE WM. CRAMP AND SONS’ SHIP AND ENGINE BUILDING CO., PHILADELPHIA. 
(For Description, see Page 479.) 
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ZINC BATH FOR GALVANISING IRON WIRE. 
DESIGNED BY MR. F. A. THUM, TINDALL SPELTER WORKS, MILTON. 
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Tr is a known fact amongstiron galvanisers, that in their 
trade a far greater part of zinc is spoiled than is really used 
for covering the iron. On the bottom of the bath of zinc or 
spelter, in which the iron articles are immersed, a half- 
melted mass appears, increasing in bulk and absorbing even- 
tually all liquid metal. This substance, termed “ dross” or 
“hard metal,” is chiefly a combination of zinc and iron, in 
which the amount of the latter rarely exceeds 5 per cent. 
It requires a considerably higher temperature to melt it 
than pure zine, in a bath of which, therefore, it sinks down 
on account of its greater density. 

The formation of this dross is of course partly due to the 
decomposition of the chloride of iron adhering to the articles 
after their immersion in hydrochloric acid ; still the much 
greater part undoubtedly originates from the direct action 
of the iron reservoirs in which the zinc is usually melted 
and kept in the liquid state. It cannot be avoided that such 
iron vessels at the places where they are ex to the fire, 
get over-heated, even red hot, and this is chiefly the cause 
of the combination of the two metals, which takes place the 
more rapidly the more the temperature exceeds that of the 
melting point of the zinc. 

Acting on the epinion that at least half of the dross pro- 
duced in the galvanising works may safely be set to the 
account of the iron taken up by the zinc from the vessels 
in which the bath is kept, Mr. F. A. Thum, of the Tindall 
Spelter Works, at Milton, near Carlisle, has endeavoured to 
construct a bath in the form of a reverberatory furnace 
heated with gas, as shown in the accompanying engraving. 
In this arrangement a is the foundation, consisting of a 
stone wall, 5 brickwork, ¢ is the floor stamped together of 
finely ground and moistened fireclay, in the same manner as 
it is done for the bath furnaces of the zinc rolling mills. 
Towards / the floor inclines and forms a well, which projects 
to some extent over the side wall of the furnace, in order to 
allow of the removal of the dross without disturbance of the 
other work, whilst through an aperture at d the fresh charges 
of metal are given in. The charging of course should take 
place regularly in the same proportien as the metal is con- 
sumed, so that the temperature may be kept at a uniform 
low degree, say 440 deg. C., or 824 deg. Fabr. 

The roof of the furnace is formed of three cast- 
plates overlapping each other, and which may be co 
with a non-cond substance. The apertures at d and 
aneutinween doors. The heating of the fur- 

y one by gas from a roducer, where 
such is at hand, or by po Sientonting ona, as arranged 

















in the plan. This, in any case, will be the cleanest and at 
the same time the surest mode of regulating the heat to the 
exact degree required. In the arrangement shown in the 
plan the gas is supplied through a main tube g, provided 
with a cock and breaking out into 13 burners, one at each 
side of a wire, so that the latter at the same time will be 
dried and partly heated before they enter the bath. Taking 
as @ maximum the consumption of each burner at 15 cubic 
feet per hour, the necessary gas will be 4680 cubic feet in 
twenty-four hours, representing about 20s. to 25s. in value, 
which, Mr. Thum considers, not out of the way, if it is 
considered that half of the usual dross may be avoided in 
that manner, that the galvanising work may be carried on 
without interruption, and that the apparatus will require 
very little or no repair. The only difficulty appears to be 
the introduction of new wires into the bath; however, this 
may be easily managed by means of a proper tool for the 
purpose. 


COMPOUND DIAGRAM CURVES. 
To THE EpiTor oF ENGINEERING. 
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The positions of the two diagrams are Rene. see 


clearance in the low-pressure cylinder 
hen laying off the theoretical curve is are giving a higher pressure in the low-pressure dis 
The general plan when ying One tec carats the | thas thetcetinlly by the gurvee ‘The ouler curve it 
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dotted cages adjoining the high pressure, which is not 
correct, e two diagrams are own with the sectional 
lines, the high pressure sane cose to the same ratio, 
and the scale increased (40 lb. to one inch) to that of the low- 
we wma diagram. The lower curve f shows the pressure 
it would be maintained during the stroke terminating-at 
g,, if there was no clearance in yet rome eyli 
which is an impossibility, so that the position of the dotted 
m is wrong. clearance of the low-pressure 
cylinder is shown on the same scale as the area of the 
cylinder ; this clearance must be filled with steam before the 
low-pressure di is commenced. 

The compression curve, low-pressure cylinder, and the 
volume h occupied by the steam at yn ay p is shown, 
corresponding to pressure of in the high- 
mo cea trainee ia denne its 
8 


It will be seen that the volume and pressure of steam at 
the termination of the stroke in the sregnamsine cylinder 
is not simply the clearance and lengt stroke a b, but 

inclu the volume of compressed steam h in the low- 
pressure cylinder. 

From this new volume a c the middle curve is produced, 
terminating ate; this would give the mean pressure during 
the stroke in the low-pressure cyli ¥ ided that only 
the low-pressure piston was moving, but this is not the 
br oo i jpmaasane senen Se See aeraaa ene foe sees 
velocity, hing the back-pressure steam con in 
that cylinder into the one or receiver. 

To make the subject x eappeee the hi 
cylinder to be fixed on the top of Lae eh 
and the position of the pi in { 
of the letters a, b, c,d, &c., and the 
of the piston in the lower cylinder 
&c., and let the piston in ya ge from the 
commencement of the stroke to the a, and in the lower 
cylinder to the line 1, then it is evident that the intersec- 
tion of the line a' with the d will represent 
the same pressure and volume from the commencement of 
the stroke, as the mark a on the 
from the line 1. If a horizontal 
intersection of the line a' with the curve d cutting the 

it will give atthat point the pressure at one-tenth of 

the stroke, and the upper carve will pass throngh thet point, 
je leks rule will apply _ all the Myre ——- 
-pressure completed the stroke - 
Prmeare Rite on the line 10, and the line 10 3 wil 

volame and pressure from the com-~ 

(supposing the high- 

iston had not moved) as the mark j on the high-pressure 
Siagrame is: from the 10; and,the curve drawn through 
und will gi and terminal pres- 
uring the stroke in the low-pressure cylinder. It 
seen by the above that in using the inner or middle 
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total quanti! | by 
them, and is liable to the engineer, that the engines 
will 
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be seen gives nearly e 
he last half of the stroke; t 
~ aah Ry Be ee Seed be tho oan low-pressure 
i le e clearance is foun compression curve 
a the first — is ascertained — 
same process as the steam curves only reve ; them 
is shown in the high-pressure di . The ordinates 
i i i from the vertical 


jacket the 
condensation of the steam ; when the clearance is required, 
the link should be opened up to allow more steam in the 
cylinder, there hesting the metal before taking the dia- 
gram. The tes should not be taken too near the 
extremities of the curve, as in the commencement, 
the cushioning begins before the exhaust is shut, and at the 
upper end the entering steam will alter the curve. This 
plan will only hold good when the piston and slide valve are 
in good order. ; 

I am, Sir, yours ally, 

J. WILKINSON. 
42, St. George’s-road, 8.E., May 24, 1876. 


ON THE STRENGTH AND FRACTURE OF 
CAST IRON, 
To Taz Eprror oF ENGINEERING. 

Srr,—I i last week in your issue of May 19th a 
letter on this subject from Mr. G. Barker, in which he 
objects to the theory I advanced in lanation of the 
curved form of fracture observed in cast-iron bars, on the 

und that the position of the neutral axis in my diagram 
is ‘‘ very much too low,” and he angus that its true posi- 
tion is at one-seventh of the depth of the bar from the top. 
I had not then time to reply to is objection, and I now beg 
the favour of being to do so in next number. 

Mr. Barker’s argument is based on the results of some 
experiments which show that a 2 in. deep by 1 in. cast-iron 
bar may have a hole of 1),in. in diameter bored through 
it without causing any material injury to its transverse 
strength. so long as one-seventh of the depth of the bar is 
left at the top. The following considerations will, I think, 
show that this fact does not necessarily indicate that the 
neutral axis is situated as Mr. Barker suggests. 

For the sake of example we will first consider the case of 
a bar in which the resistances to ression and extension 
are supposed to be equal. Let; abcd, Fig. 1, represent 
the cross-section of such a bar subjected to a transverse 
stress. According to the theory that the fibres are strained 


FiG.! Fic .2. 
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in direct ion to their distances from the neutral 
axis, the sums of these strains (which above and below 
the neutral axis we will call respectively } ¢ and 3 s') ma 
be 9 wey oo by the areas of the triangles a n b, cn d, 
and these triangles will also represent the effective area of 
the cross-section if we suppose ¥s and ¥ s’ to be uniformly 
distributed over their areas. In the case with which we 
are now dealing the resistances 3 r and ¥ r' exerted by the 
fibres in op; sand 3s‘ being equal, it is evident that 
the areas of the triangles an b, c nd are also equal, and 
that consequently the neutral axis is situated half way be- 
positii A t a mete Se ae thas 

ion is » it is necessary to consider that 
portion of the section contained by the triangles an b, 
end. Adopting the following notation— 

a= ve area above neutral axis 

a'=effective area below neutral axis 

y =distance of centre of gravity of @ from neutral axis 

y'=distance of centre of gravity of a' from neutral axis 
the strength of the bar will then be measured by the pro- 
duct a y and a’ y’. Now letahole Ahhh, Fig. 1, be 
bored through the bar so as to leave the products ay and 
a‘y' still proportional to the resistances of the metal to 
compression and extension, and it is obvious that the posi- 
tion of the neutral axis will not be altered, since the effect 
of a hole so made is simply to reduce the cross-section by 
an equal and similarly situated amount on each side of the 
neutral axis, and it is known that up te a tertain size this 
hole will not cause any practical injury to the transverse 
strength of the bar. 

We will now consider the case of a bar in which the re- 
sistance to compression is ter than the resistance to 
extension. Immediately before fracture takes place the 
neutral axis will be so situated that the products ay and 
a'y' are nearly in the inverse ratio of the limits of re- 
sistance of the metal to compression and extension. Taki 
from ‘‘ Molesworth’s Pocket-Book’’ the average value o 
these resistances for cast iron at 48 and 7.3 tons per square 
inch, the product a‘y‘ will then be equal to 6.6 times 
@ y, and this equality wil! be found to when the neutral 
axis is at vsths of the depth of the bar from the top. If a 
hole h h Ah, Fig. 2, of 14 in. in diameter be bored 
Goough odin, fon lin. cast-iron bar in the manner 
deseri by Mr. , it will not cause any practical 
injury te the sti h of the bar, and it will moreover be 
fi that when this hole is made the products ay and 


a‘y' are still practically in the same ratio as before, con- 
sequently the position of the neutral axis will remain 
unaltered. ‘ 

I will now apply, to two different ‘cases, the theory that 
the fibres in a bar, subj to transverse stress are strained 
in direct proportion to their distances from the neutral axis, 
in order to determine the eager breaking weight of a 
2 in. deep by 1 in. cast-iron with 3 ft. between the sup- 
ports and a load applied at the centre of the span. First 
assume the iron to be of av quality, the neutral axis 
be at ¥,ths of the depth of the bar from the top. 

t 


=span=36 in. 
d=depth of bar=2 in. 
6=breadth of bar=1 in. 
W=breaking weight. 7 


a=effective area above neutral axis = =z x 
«v0 
7 b.d. 
50 
a'=effective area below neutral axis = 


18d.d. 
50 
of cross-section above neutral 
x2 ( 35) 70268. a’ 
3\ 25 


b 


2 


18d, b_ 
25 


be 
2 


t of r ist 
7b. d. 


50 





M'=moment of resistance of cross-section below neutral 
) =.172 bd? 


axis= 185.4 b. dy 2 18d 
50 


3\ 25 
m=moment of weight= 7 ct. 


4 


9W 


. per sq. in. 
R=resistance to compression= 48 tons= 107,520 lb. 
R'=resistance to extension =7.3 tons= 16,352 lb. 
then ™ = @!— 9 W 107,520 th. 
M 4M M 


Where w. and w!, are the portions of W. required to over- 
come the moments of resistance of the cross-section above 
and below the neutral axis 


J 
therefore w= 207,520 x .026 b d* _ 1549 1p, 


9 
and wo! = 6 sex ie b da? = 1250 Ib. 
therefore (w+ w!)=W=2492 Ib. 
Now in a work ‘‘ On the Strength of Beams,” &c., by Mr. 
B. Baker (which, by the way, Ld ys reproduced from your 
valuable paper), the author deduced from the experi- 
ments of Messrs. Hodgkinson, Barlow, and others, the 


2 

formula B. W =< = for the breaking weight in tons 
at the centre of a cast-iron bar, in which d.—depth in inches, 
5. =breadth in inches, and L=span in feet. Applying this 
formula to a 2 in. deep by 1 in. bar on supports 3 ft. apart, 
we obtain B. W.=2600 lb., a result differing only 4 per 
= from that derived from the method of reasoning adopted 
above. 

If we now take from ‘‘ Molesworth’s Pocket-Book”’ the 
extreme values given for R and R!, namely, R=64 tons= 
143,360 lb. per square inch, and R!=13 tons=29,120 Ib. per 
square inch, these being in the ratio of 5 to 1, it will be 
found that the ene ae of the neutral axis is 
at itths of the depth of the bar from the top. From this 
we obtain : 

=.032 5.4? 


M 
M'!=.158 6.d* 


a Msi a0 b.d*_on49 1p, 


apt 29,120 .158 5. d® 


therefore 
w 


and 
=2044 lb., 


therefore W=4084 Ib., or about 15 per cent. in excess of 
the average value of the breaking weight obtained by Mr. 
Millar’s experiments, andjnot more I think than might have 
been expected frem my having taken the extreme values of 
Rand R'. It ma be inferred from this that the 
quality of iron anil Mr. Millar was somewhat above the 
average. It appears then that before fracture takes place, 
the neutral axis is situated at about viths of the depth of 
the bar from the top in cast iron of an average quality, and 
at iiths in “ first- ”* iron, and in my letter, which ap- 
peared in your issue of the 12th inst., I argued that from 
this point upwards the divergence of the line of fracture 

wards the centre of the bar, would be ter than below 
it. Bydrawing a lel line at this depth on Fig. 2 in 
Mr. Millar’s paper it will be seen that ‘‘ actual fractures” 
te a great extent confirm my theory. . 

In eee apes of his argument that the compressive 
strain is to oy Saeees of the depth of the 
bar from the top, Mr. ker also remarks thet through 
this depth the directions of the fractures, shown by Fig. 2 
in Mr. Millar’s page nearly all in line with the weight 
applied. This, I think, may be considered as the result of 
the shearing force which has probably little effect on the 
whole section of the bar, but, as I will show, is sufficient of 
itself to complete the fracture when the cross-section is re- 
duced to about one-seventh of its original area. In a2 in. by 
1 in. bar the area in one-seventh of its depth is equal to 
.28 square inches, and the s ing f 

i i be taken from 


7 mo 
the results of Mr. Millar’s experiments at 1 5 


Sidered.to agree well with the 


average ‘‘ transverse’ (same as “‘ shearing’ I suppose) 
strength of cast iron; and thereseems no i a 
fracture in this manner to assume a other direction than 
that of the force which causes it. Apologising for the length 
of this letter, 

T am, Sir, yours truly, 


7 . B. Coventry. 
Milnthorpe, May 30, 1876. 


P.S.—In what I have said above I have made no attempt 
to explain the cause of a bar not bee | weakened by having 
a hole bored through it; one possible solution, however, 
seems to suggest itself by considering that the “‘ girder’’ 
form given to the cross section, by throwing the centres of 
gravity of the areas nearer to the top and bottom of the bar, 
enables the fibres in the triangles ah 9, bh Q', Fig. 2, 
to resist the strains which, before the hole was cut, were 
posed by the fibres in the triagle 2 n ?', and this would 

course apply to both sides of the neutral axis. 
I have omitted to mention that Mr. Millar (see En- 
GINEERING, May 5) also made several iments on bars 
lin. square with a 36 in. span, and that the average break- 
ing weight of 72 samples was 805lb., the tensile strength 
of the metal of which these bars were made being 20,981 lb. 
per square inch. Assuming the compressive strength of 
the same metal to be 620,981—125,886 Ib. per square 
inch, the corresponding position of the neutral axis will be 
at vsths of the depth of the bar from the top, and the 
breaking weight so obtained will be found to be 785 Ib., or 
20lb. less than the average of Mr. Millar’s experiments. 
It would appear then that, &knowing the resistances of the 
metal to compression extension, we can determine the 
exact position of the neutral axis, and from these data the 
breaking weight can be obtained, and will be found to 
es with that obtained by the method deduced from Mr. 
. H. Barlow’s experiments,* and adopted by Mr. B. 
Baker in the work already refe to, which consists in 
assuming the neutral axis to be in the middle of the depth 
of the bar, and in taking 24 times the resistance to ‘‘ direct 
tension,”’ as that exerted on both sides of the neutral axis. 
I am under the disadvantage of not having read Mr. W. 
H. Barlow’s papers, but from quotations from them by 
different authors I imagine that the “ resistance of flexure”’ 
(?) is only the necessary correction entailed by the erroneous 
method of calculating the moment of resistance of the cross- 
section. Mr. Barlow ’s theory appears also to be based on 
the following fact wh ich I quote from Mr. Baker’s work. 
..+ “in a beam 7 ft. 4in. long, 6 in. deep, and 2 in. 
thick, the extension of the euler Eien under a calculated 
strain of 14,666 lb.) per square inch was rsrth of the 
length ‘‘ whilst under a direct tensile strain of similar 
amount the measured extension was sizth of the length, or 
nearly double that resulting from the same strain per square 
inch on the metal when in the form of a beam tested by trans- 
verse strain.’’ Now I quite admit this, but, leta beam hang 
vertically with a weight at its end causing a strain s. per unit 
of area, and the extension e. is the same for every unit of 
length of the beam, but place it on two supports with 
weight at the centre causing the same strain s. at that 
point, and the extension e. will no lo’ be the same for 
every unit of length of the beam. [It will diminish to 
nothing from the centre towards the supports, its mean 
value being way between the weight and a support, 
consequently it is easy to see that the total extension of the 
beam will be only half that due to the strain at the centre 
applied in the form of a direct pull, and that the deduced 
value of ? is not the result of ‘‘ lateral es “ 


0 
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THE STRENGTH OF BOILER FLUES. 
To THE EDITOR oF ENGINEERING. 

Srr,—In the discussion on boilers which has followed 
the publication of the Manchester experiments, several im- 
portant questions have been raised, and perhaps none of 
more interest than the resistance of flues to colla It 
seems that there is a general disposition to modify the rule 
for the s h of flues derived from the experiments of the 
late Sir W. Fairbairn, but no agreement as to the kind of 
modification which is desirable. The Board of Trade and 
you yourself propose a modification of both of the constants 
in Sir W. Fairbairn’s formula. Mr. Robert Wilson would 
modi one only. But there are here at least the 
traditional three courses open, and I think that if either 
constant is modified, it should certainly not be the one which 
Mr. Wilson would alter. ‘ . 

Sir W. Fairbairn is somewhat hardly dealt with in bein 
credited by a mistake as to the formula for collapse. | 
assisted him in the reduction of the results of the experi- 
ments, and so far as I know he regarded the formula, with 
2 substituted for 2.19, as the index of the thickness of the 


plates, as merely a rough rule which it was not worth while 


to put into a better shape. He would certainl y not have 
permitted this rough to be substituted for the other as 
a more reliable rule for boilers. His experiments showed 
in a very definite way that the resistance increased faster 
than the square of the thickness, and they are in that 
respect in agreement with Hodgkinson’s experiments on 


But if Sir W. Fairbairn’s original rule is a correct de- 
duction from his experiments, I doubt if the Board of Trade 
deserve much praise for introducing another rule in which 
the index 2 is used with a modified coefficient. At page 392 
of ENGINEERING you have given a Table of the values of 
the general coefficient of the formula, deduced from the ex- 
periments on the assumption that the resistance is as the 
square of the thickness. Those valnes range from 353,790 
to 640,000, or nearly as 2:1. With such a variation 
in the values of the coefficient, the formula cannot be con- 
cing te ini 2 
distinct reason can be given for i e index 2, 
Fairbairn’s rule must be taken to be much more reliable. 











Oe 8 eS ee Se an 
e i ion of the section, 
to the “i le Molesworth” I find 2.6 tons given as t' 


® Transactions of Philosophical Society for 1856 and 1857. 











June 9, '1876.] 


ENGINEERING. 


is, 





The following Table gives some of the experiments with the 
collapsing pressure calculated by Fairbairn’s rule : 











p=806,3005", 
and also by the new rule . 
a 
p=465,314-— 
Collapsing Pressure in Pounds. 
d.| 1, k. 
: | By Fair- 
By Experi- tf a By New 
airn s 
ment. Rule. Rule. 
4 5 043 43 41.0 43.0 
6 | 2 .043 55 54.7 57.4 
12 5 043 12.5 13.6 14.3 
ist 5 125 125 116.0 99.4 
1 ots -250 420 407.0 805.2 




















It will be seen that the new rule agrees with the experi- 
ments far less closely than Fairbairn’s, and the divergence 
is greatest in exactly those cases which most nearly ap- 
proach the conditions of ordinary <p 

Mr. Robert Wilson, however, es a different course. 
He thinks the Fairbairn rule, with the index 2 instead of 
2.19, but with the old coefficient, is best. Your figures suffi- 
ciently show that if the index is modified the coefficient 
should be modified also, if the authority of the experiments 
is relied upon. But Mr. Wilson states that boiler-makers 
use the modified rule not because it is in agreement 
with Fairbairn’s experiments, but because it has been found 
approximately correct, in eral experience with boilers 
at work and under hydraulic pressure. 

Now the conditions of Fairbairn’s experiments were not 
exactly identical with those which are present in ordinary 
boilers, and it need surprise no one to find that some modi- 
fication of his formula is desirable in applying it to ordi 
boiler flues. But will Mr. Wilson contend that there are 
any experiments on a large scale sufficiently definite to in- 
dicate that the resistance is more nearly proportional to 
the square than to the 2.19th power of the thickness? So 
far as I know such experiments have all been made on flues 
varying very little in thickness, and they afford no means 
of determining whether it is the first or the second con- 
stant in Fairbairn’s formula which requires correction. 
The range of thickness in Fairbairn’s experiments was 
ve! t, and analogy with other cases would make it very 
how that it is the general coefficient and not the law 
of the thickness which ought to be altered. At all events 
for the present a simple modification of the factor of safety 
is the only change which seems justifiable, or what amounts 
to the same thing, a modification of the general coefficient 
in the formula. 

It does not seem to be known that there is another for- 
mula for resistance to collapse, which has been derived from 
Fairbairn’s experiments by Continental engineers, and which 
is more satisfactory in form than Fairbairn’s. This formula 
was first peopened M. Love, and new values of the co- 
efficients were obtained su’ uently by the application of 
the method of least squares. uced to English measures 
the formula is as follows : 


p=5,958, 150 +41,906 +1528 . 


a > 
is the collapsing pressure in pounds per square 

inch ; k the thickness of the tes ; d diameter and J length 
of flue all in inches. This formula avoids the awkward 
index to which so much antipathy seems to be felt. 

I should be glad to make ;some observations at a future 
time on the strength of ba long and very short flues. 

ours truly, 

W. CawTHoRNE Unwin. 

Cooper’s Hill, June 6, 1876. 


where 





SINGLE AND DOUBLE-ACTING ENGINES. 
To THz EpITor oF ENGINEERING. 

Srr,—Your correspondent, Mr. i m, in your last 
number estimates the performance of the three-cylinder en- 
ae upon a piston speed which has fairly been termed as 

a ilised.”’ 

Taking this ‘utilised speed’? at 210 ft. Mr. Ellington 
calculates that the linder ine indicates double 
the power of a single-cylinder engine (double-acting) having 
8 piston speed of S15 ft., the diameter of the pistons being 
the same in each. 


The actual velocities with which the engines, exampled | , 


by Mr. Ellington, are driven are : 

Single cylinder_ 315 

Three cylinder 420’ 
athe three-cylinder engine is running 4 ft. to 3 ft. of the 
other. 


For fair comparison I think that the actual velocities 

erated in the — should be |taken as equal in each 

for the purpose of calculating their relative powers, and the 

indicated power is then two to three in favour of the three- 

cylinder engine, or in exact proportion to the total piston 

-_ which is correct as giving the driving power of the 
m. 

Each engine should be treated as a steam meter, and the 
question is simply how much work so many thousand feet 
of steam will give out, i ive of the comparative ve- 
— with which either engine may be run. » 

ither engine may be run fast or slow varying the 
outside resistances, but in the same engine the internal re- 
, and know that 


sistances must increase with high velocities. 
internal resistances may be made very fie ht, but I think it 


and compare its s with another which has the same 
work to do with a less traverse of piston: 

There are advantages about the engine quite sufficient to 
recommend it without over-rating its power, and I known 
from experimental data that friction may so nearly be 
eradicated in some single-acting engines, that the effective 
ow is a very high percen of the theoretical. Will 

r. 


a ive his experience on this point for com- 
parison of the t 


ree-cylinder engine with others ? 
D. K. Wasr. 
Crown-Place, Kentish Town-road, London, June 6, 1876. 


Tam yours 





THE PATENT JOURNAL, 
To THE EDITOR OF ENGINEERING. 

Srr,—In each number of the English Commissioners of 
Patents Journal appearing twice a week, there are always 
at least three pages of verbatim the same advertisements 
continually repeated. 

In the American Patent Office Gazette appearing once a 
week, there are, it is true, no advertisements, but in their 
place one page and a half containing number, title, name, 
and date of about one or two dozen designs, two or three 
a — marks, and one dozen labels registered during 

e week. 

In England there is no publication whatever relating to 


the ty 7 registered. 

Now, I beg to inquire whether the Commissioners would 
lose much or the public gain little if, in the Commissioners 
of Patents Jowrnal, the advertisements were to be repeated 
only once instead of twice a week, and if the then available 
space of three s per week, or over 150 p per annum, 
were devoted to the publication of number, title, name, and 
date of designs of utility and of the ornamental designs, 
and yptans also of the trade{marks registered during each 
wee 

Yours respectfully, 
Cc. O. Pager. 

Stadt, Riemergasse 13, Vienna, Austria, 

30th May, 1876. 

[We publish Mr. Paget’s letter, but we may remind him 
that a separate Trades Marks Journal is now issued. Of 
the defects of that journal in its present form we spoke in 
our number of May 5th last, page 368,—Eb. E.] 


THE SALOON STEAMER “ BESSEMER.” 
To THE EDITOR OF ENGINEERING. 

S1z,—In your impression of the 2nd inst. a ph in 
connexion with this vessel appears. It is therein stated 
that ‘‘the engines will be en out and the vessel then 
broken up and sold as scrap iron.” is is inaccurate ; 
there is not the slightest intention on the part of the 
owners to break her up, her recent ‘ormance on the 
voyage from London to Hull proving unmistakably the 
fitness of the vessel to fultil the service expected of ber. 
Hopes are still entertained of being able to place the ship 
on her original station. 

I may state that having had considerable experience 
amongst steam shipping I never met with engines that 





worked so ly, nor, considering her length, a vessel 
that answered her helm so —. 
. ours truly, 


Towner FuLuAm, Commander. 
Hull, June 7, 1876. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, W: 

The Cleveland Iron Market 
Whitsuntide holidays, there a a 
’Change at Middlesbrongh. Scareély any business was 
transacted. The prices quoted were the same as last week. 
The market was over sooner than usual, and people hurried 
away to the seaside to enjoy the fine weather and i 
air, and if possible to forget the cares of business, which a‘ 
present are unusually heavy. 


The Make and Disposal of Pig Iron.—The Cleveland 
Ironmasters’ Association returns for May have just been 
issued. They show that at 39 works there are 158 blast 
furnaces, 119 of which are in operation. Curiously, 39 fur- 
naces are idle, thus giving an a of one inoperative 
furnace to each works. There are three new furnaces in 
course of construction. During May the total make of 
Cleveland pig iron amounted to 179, tens, an increase 
of 6740 tons compared with the same month last year. 
The shipments have during the past month considerably 
increased. Both foreign and coastwise there is a —* 
improvement. Nearly 70,000 tons of pig iron have 
—eet at the port of Middlesbrough during May. Makers 
stoc . > rong still inespaa tare aan nen 
at 115, ns. is represents a sum of m > 
There are only some firms that can continue for any length 
of time to stock pig iron at a rate which the depression in 
trade has lately rendered necessary. The new warrant 
stores at Middlesbrough are now open, and contain a stock 
of 1985 tons. It is very probable that this stock will soon 
be increased. 

The Finished Iron Trade.—In spite of the hopeful re- 
ports which are circulated, the condition and prospects of 
the finished iron trade are about as bad as they can be. At 
the end of this week upwards of a thousand men now 
employed at Middlesbrough by two firms will be thrown 
idle for an indefinite peri The Tees-side towns, which 


y owing to the 
attendance on 


od. 
depend so largely on Es iven trade for their very existence, | 4 
are feeling the serious consequences of the 


bad times. 


Cleveland Steel Rails.—Some time ago we pointed out in 
this column that the only salvation of the Cleveland finished 
iron trade was that manufacturers would be able to make 
steel’rails from Cleveland pig iron at a cheap rate. With 





Tam an advocate for sing’ 
18 no comparison to let such an engine run away with a load 





this end in view various experiments are being conducted in 





Tudhoe Iron Works, in the county of Durham, tons of 
double-headed steel rails of the North-Eastern toe have 
been rolled for the North- Company. It is 
stated that the rails contained 90 . of iron made ex- 
clusi from d ores. these yew: tbe, Te 
that of the Bessemer rails, but it is hoped that the durability 
of these rails will be sati their manufacture 


Cleveland pig iron is first thoroughly puddled in a Casson. 
Dormoy furnace, then hammered into blooms, and the 
blooms are converted the Attwood process into steel 
ingots. The results of further experiments are looked for 
with interest. 
Paes Coal and Coke fajamee Fag | oe coal ane a. sere | 
ere is no new to report. ere is very little deman’ 
for any kind of fuel. ” rae 
Engineering and Shipbwilding.—These industries are by 
no means so active as they ought to be at this time of the 
year. There are, however, rather more than an average 
number of sailing iron ships being built on the Tees. 


NOTES FROM THE NORTH. 
. Giasaow, Wednesday. 

Glasgow Pig-Iron Market.—The pig-iron market was 
rather quieter last Thursday forenoon, and business was 
done in warrants at 57s. 10d. to 57s. 9d. closing sellers at 
the lower quotation.:In the afternoon the market was steady, 
but no business was repo —buyers 57s. 9d., sellers 
57s. 104d. cash. Flatness was the rule on Friday forenoon, 
still a large business was done at 57s. 9d. cash and one 
month open. Closing sellers were at these prices, buyers 
57s. 6d. The market closed in the afternoon without any 
business being done—buyers 57s. 74d. cash, sellers 57s. 9d. 
There was a very quiet market on Monday forenoon, and 
business was done at 57s. 73d. cash, closing rather buyers 
at that price, sellers 57s. 9d. No business was in 
the afternoon, and the quotations were—buyers 57s. 74d. 
one month open, sellers 57s. 9d. cash. The market was 

uite idle yesterday forenoon, and no business was reported. 

+ the close sellers asked 57s. 9d., buyers offering 57s. 74d. 
The afternoon market was firmer, but it closed without any 
business being fis aga rices unc The warrant 
market was steady this forenoon, with business done at 
57s. 74d. cash, closing with buyers over, sellers, 57s. 9d. 
There was a continuance of the steadiness in the afternoon, 
and some transactions were reported at 57s. 7d. one month 
open, closing rather buyers over, sellers 57s. 94. Messrs. 

erry and 


hame announced a reduction of 6d. per 
ton on their No. 3iron. Last week’s shipments amoun 





to 
11,019 tons as against 8708 tons for the corresponding week 
of last year. Though the shipments compare well with those 
of the same time last year, they are insufficient to take 
away allthe make, and the surplus thus added to stock 
week by week is gradually bringing down the price of the 
ordi brands, as the makers would rather accept current 
prices t wait an indefinite time for an improvement, of 
which there are at present no symptoms. One blast furnace 
has been blown in at Calder Iron Works, thus bringing up 
the number in blast to 116, as against 123 for the corre- 
sponding time last year. 

Roads and Bridges (Scotland) Bill.—At a numerously 
attended meeting of ironmasters and mineowners from 
various districts of Scotland, held in Glasgow to-day, it 
was unanimously agreed to present petitions against the 
Bill which is bed a ye before Parliament under this name ; 
and an influen’ utation was appointed to proceed to 
London in support of the petitions. 

State 7 Trade.—There are complaints in all directions of 


the ow ebb to which various branches of trade have 
reached, especially mining, ironmaking, engineering, ship- 
building, and several allied industries. In some special 


industries, however, there is a better condition of things to 
report. For example, in the town of Paisley, where sewing 
thread is manufactured on an enormous le, two of the. 
largest firms, Messrs. T. Clark and Co. and Messrs. Coats, 


are adding very tly to their already gigantic establish- 
ments, of the extensious will, it is said, _ employ- 
ment to about 800 additional hands. At Ayr the two 


rinci ineering firms: have as much work in hands as 
Pe eee all their men 3; and the dock works at the 
same town are being pushed on so they are 
giving employment to upwards of A strike 
which has eh in progress amongst the moulders employed 
by the Shotts Iron Company for about four or five weeks, 
continues. Rather than submit to a reduction of 
wages the men prefer to go idle and take 10s. per week 
from their trades union funds. 


Dundee Harbour Board.—At a meeting of the Dundee 
Harbour Board held on Monday a report was submitted 
Mr. ingham, the resident engineer, with regard to 
the progress of the ing and other harbour works. 
Arrangements are being .by the North British Rail- 
way Company for conveying material from the bed of the 
Tay to the Esplanade by a new process, which is ex: 
to be not more than as expensive as dredging. Ex- 
Provost Cox, one of the directors of the railway cogent 
and a member of the Harbour Board, spoke very hopefully 
of the process. 

Clyde Trust.—The ordinary monthly meeting of the 
Clyde Navigation Trustees was held yesterday. Some con- 
versation took place with rd to the progress of Stob- 
cross k, and it was by the chairman of the New 
Works Committee that sane age the length of time re- 

uired for erecting the hydraulic machinery in connexion 
with the entrance, no portion of the inside quay walls would 
likely be available for a year or so. 

Railway to Whithorn.—The contract for the extension 
of the Wigtownshire Railway from Garliestown to Whit- 
horn has been let to Messrs. Grainger, and the work will 
be proceeded with immediately. 


igorously that 
hands. 
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INCLINED PLANE AND GALLERY FOR 
BLAST FURNACES. 

Wiru our last number we gave a two-page engraving of 
an inclined plane for blast furnaces, erected at the 
Meier Iron Works, at Bessemer, Illinois, U.S.A., from 
the designs of Mr. Charles A. Smith; and this week 
we publish a second two-page illustration showing the 
gallery for the same furnaces. Our illustrations are so 
complete and so fully dimensioned that but a few words 
of explanation will be required. 

As will be seen from Figs. 1 and 2 of the two-page 
engraving published last week, the inclined plane serves 
two blast furnaces, and it has a length horizontally of 
114 ft. 6in., and a rise of 74 ft. Gin. The blast furnaces are 
60 ft. high, but the incline starts from ground 14 ft. 6 in. 
below their bases, as shown in Fig. 2. The incline consists 
of wrought iron beams of J section (see Fig. 24), weighing 
50 lbs. per foot, and supported at intervals of 19 ft. Lin. by 
trestles formed of wrought-iron lattice-work columns, and 
suitable bracing. 

The gallery uniting the heads of the two blast furnaces 
to which the inclined plane leads is shown by our two-page 
engraving this week, and its construction will be at once 
understood from the views given. As illustrating good 
examples of recent blast furnace practice in the United 
States, our engravings will be regarded with interest by 
many of our readers. 


NOTES FROM THE SOUTH-WEST. 
Newhaven and Seaford Sea-Wall.—A sea-wall between 
Newhaven and Seaford, which was washed away by heavy 
gales in March, has been inspected by Captain Ardagh, an 
engineer, who thinks that from 30,0001. to 40,0001. will be 
required to restore it in a substantial manner. Even this 
large sum would, in all probability, be very much exceeded 
in executing the work. The question is as of 
considerable importance, the sea having continued to 
encroach at this point for many years. 
Bristol Tramways.—The ranning over the eastern ex- 
tension commenced on Saturday, and four cars which were 
ut on were at times literally besieged with passengers. 
he line is free from steep gradients, and two horses easily 
draw the cars. 
Swansea Pier.—The work of extending this local pier, 
which has been long in contemplation by the local Harbour 
Trust, has at length commenced. It has been found neces- 





sary to make a temporary alteration in the position of the | 7, 


light. During the progress of the work, a bright light will 
Saae at or near the southward pin md end of 
© wor 


Port Talbot Floating Harbour.—Messrs. Llewellyn and 
Cubitt, of the Rhondda Engine Works, Pentre, have just 
secured a contract from the Lord Lieutenant of the 
county, for the erection of coal staithes for Port Talbot 
Floating Harbour. The coal staithes are to be similar to 
those now in use at the Bute Docks, Cardiff. 

Popoff's Air Bag.—Experiments have taken place at 
Portsmouth under the direction of Cartain Singer of the 
Vesuvius, torpedo vessel, with the view of testing the merits 
of Admiral Popoff’s air 
sunk with a bag 12ft. in diameter and 21 ft. in length in 
the hoid. On the first day the lighter was raised, when 
the bag was not more than inflated, but on subsequent 
days, although more inflation took place, the lighter could 
not be raised higher than on the first occasion, owing to a 
part of the bag coming above water, and thus losing some 
of its buoyancy. 

Light Railways in the West.—The Culm Valley Rail- 
way has been opened for traffic. The line runs from 
Tiverton Junction on the Great Western Railway, up the 
valley of the Culm to Hemyock, and it is little over seven 
miles in length. It may be said to be experimental in its 
character, since it was desi by Mr. A. C. Pain, the en- 
gineer, on the light principle, in order to see to what extent 
it would be possible to provide a district with railway ac- 
commodation, where an expensive line would be utterly 
out of the question. It was origi thought that the 
line would be completed in something under twelve months, 
at a cost of 3500/.a mile. It has taken rather more than 
two years, and the cost will approach 60001. Originally the 
capital was 25,0001., with borrowing ay sey of t.; but 
under certificate of the Board of Trade the capital has been 
increased by 10,000/., and the borrowing powers by 3000/. 
This makes a total of 46,000/., which, however, is more 


than will be required. The increased outlay is due to | re 


several causes. The rails were contracted for when iron 
was ata high price. Then thecontractor for the construc- 
tion of the line did not complete his ing, and 
eventually the works had to be carried out by the engineer 
on of the company. The land has also cost more 
than was anticipated. However, even at 6000/. a mile, the 
Culm Valley line will compare very favourably with any 
branch railway in the West of England, an'l itis, of course, 
very mach under the cost of either of the main systems. 
For instance, the little Seaton and Beer Raiway cost about 
15,0002, per mile ; the Sidmouth over 10,000/.; the Iifra- 
combe about 10,000/. ; the Totnes, B h, and Asb- 
burton, 14,000/,; the West Somerset 11,000/.; and the 


Exeter and Crediton 19,000/. The Culm Valley line, in | usual 


fact, has cost only about half the av of the other 
branch lines in the West of England, and, Serstves, should 
have a fair chance oe pee oe. The working - 
ments with the Great Western Railway Company seem to be 
fair. The lineis to be worked at 50 per cent. of the gross 


receipts, rebates of 5 per cent. being allowed on all traffic 
to or from the Great Western system. 


Intimidation by Welsh Unionists.—At the Carnarvon 


A dockyard lighter had been | }™ 


LOCOMOTIVES AT THE PHILADELPHIA EXHIBITION. 


Parricutars OF Locomotives EXHIBITED BY THE BALDWIN LocoMOTIVE WoRKS AT THE PHILADELPHIA 




















justices, 16 quarrymen were c on remand with intimi- 
ing and using violence to compel a number of persons in 
the employment of the Moeltrypan Slate Quarry Company 
(Limited) to leave their work. Disputes ha arisen as 
to the hours of employment, the men struck, and a number 
of Cornishmen and Scotchmen were en On the 
morning of May 9th, some 2000 men collected from the 
neighbouring quarries, on the hill above Moel , and 
two of their number were sent as a deputation to Mr. Lane, 
the managing director, and complained of the dismissal of 
the old hands. The deputation were —— to leave the 
quarry, whereupon the mob came down to the upper level 
and having e} the quarrymen at work there, entere: 
the body of the quarry. Mr. Bealth, the neer, who is 
alsoa 8 older, came in for very rough dling, and 
was some distance in a handcart, and pitched 
violently on a heap of iron. The prosecution succeeded in 
identifying twelve of the defendants as having taken active 
partinthe riot. Lord Newborough fined the defendants 51. 
each and costs, binding them in their own recognizances of 
201. to keep the peace for twelve months. 


Gas at Salisbury.—The Salisbury Gas Com 
duced the price of its gas from 4s. 10d. to 4s. 
cubic feet. 


Strike at the Landore Steel Works.—There is little to 

port in connexion with this dispute. More meetings have 
been held by the men, but no settlement has been arrived at. 
The prospect is by no means cheerful. 

The Coal Trade.—At Powell’s Duffryn pit, near Tirp- 
hill, notice has been posted that the poe existing with 
all workmen em; in and above this pit will terminate 
on the 20th inst. For some time the coal trade has been 
very slack, and the men have only been employed about 
four days per week. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, eens. 

National Conference of Ironworkers at Shefield.—The 

annual conference of the National Association of Iron- 
workers was at Sheffield yesterday, the chair being 
occupied by Mr. Aucutt, the president. Delegates were 
present from all parts of the country. A vote of 500/. to- 
wards ing an annuity for Mrs. Kane, widow of Mr. 
John Kane (for many years secretary of the Association) 
was passed, the conference subsequently went into 
various matters relative to the trade generally. 
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Charles Gammell and Company (Limited). —The annual 











EXHIBITION. 
(For Description, see Page 485.) 
Type of engine ° ** Mogul.” ** Consolidation.” | ‘* American.” 
inders : ft. in. ft. in. ft. in. 
re bee ‘ 1 6 18 1 5 
Stroke... . 20 
—_— of steam ports 14 1 4 1 $8 
Width oe 0 14 0 14 0 1 
»» _of exhaust ports 0 2 0 3 0 2 
Travel of valve wa 0 0 0 
Outside lap of valves 0 0 03 0 0 
Inside 0 0 x 0 Or 
Exhaust nozzle Double, variable Variable a yw 
Wheels : r) > v * . r} 
eee) ns 2 6 2 6 2 4 
Distance between centres of front and rear 
driving wheels «. ost of nad wm: 15 0 14 9 8 6 
Total wheel base of locomotive... ied 22 8 22 10 22 5 
» * ma and tender _... 44 3 46 2 44 2h 
Diameter of driving axle journals rt od Q 7 9 q 0 3 
Diameter of main crank-pin bearing...  .. 0 ‘i 0 5 0 44 
Length . vs a 0 4 0 5 0 4} 
Boiler : 
Ontside diameter of smallest ring of boiler _ 43 _46 40 
Thickness of boiler plates ... on eee iron tin. iron } in. steel # in. 
Number of tubes... abt <<a ws 159 198 163 
ft. A = in. & > 
Length os 7 int ove ° li 2 0 
Outside diameter of tubes ... 1 0 2 0 2 02 
Length of firebox inside hed ae 5.5 9 10 8 6 
Width a a ‘od ~ eae 2 | ; 2 93 pat  < ; 
Depth ~ mn od dea én de 5. 3 |Sloping 444in. to 55in.) Sloping 39 in. to 53in. 
Thickness of firebox plates, side and front sheets copper } in. steel ys in. steel $ in. 
‘ ya a back sheet ... — copper ¢ in. steel ys in. steel x in. 
. a oat flue sheet dies copper ¢ in steel {2 steel 4 in. 
. pa poe crown sheet... dee ~ — ~ steel fia. 
Square feet of grate surface dl pe bee F . 
i in firebo: 103 149 112 
> - ee on 7 tubes % 937 1132 953 
Total square feet of heating surface ... 1040 1281 1065 
‘ender : 
heels ad ‘ 8 Bd 8 
faeces. = = 2ft. 4in # 2ft. Gin 
»» Of tender axle journals... 34 in. 3 in. 
Length ” ” ” eee eee eee 7 in. iS 7 in. 
Capacity of tank .... ol des ie at — oe 2200 gallons 
Weigh: ine i ing ord 80,000 100,000 75,000 
oe eteet ~~~) ~ Sees eee 88,000 51,500 
» tender empty ... 20,000 No tender exhibited. 20,500 
sessions on Saturday, before Lord Newborough and other 


report of the directors of Charles Cammell and Company 
(Limited), shows that the profit of the past year’s working 
has been 106,869. 12s. 11ld., out of which (with 73281. 
brought forward) it is proposed to pay a dividend at the 
rate of 10 per cent. per annum, as com with 7} per 
cent. for last year. These facts are very good, considering 
the extremely depressed state of the iron trade generally 
throughout the year. The buildings, machinery, and work- 
ing plant of the company have been thoroughly maintained. 
It is recommended that 20,0001. be ad to the reserve 
fund, The large Guibal ventilating fan has been put down 
at the New Oaks pit, and is now at work. By this addition 
the ventilation of the collieries has been greatly improved, 
and a considerable economy in working realised. It ma 
be stated tenon pe capital of the company is 800,000/. 
out of the nominal amount of one million. 

Dronfield Gas Light and Coke Company.—The annual 
report of this company just issued states that two years 
ago it was found necessary to make very considerable ex- 
tensions of the gas works, for which purpose the capital was 
increased by 90001. During the past year 43911. have been 
expended in extending and ing the works, but (the 

i say) ithe new gasholder has not been made effi- 
cient by the contractors. The old mains of the om me | 
are in a most dilapidated state and should be remedied. 
large station meter has been put down at the works. 
Further extensions of the mains are contemplated in every 
part of Dronfield and Unstone. 

The South Yorkshire Miners’ Strike.—This dispute of 
seven weeks’ standing was virtually settled at an interview 
between both parties at Sheffield on Friday last, the men 
agreeing to accept a reduction of 12} per cent. on condition 
that no further alteration should be made for a period of 
three months. 

Proposed Extension of Bradford Midland Railway 
Station.—The Midland Railway Com are said to have 

repared a comprehensive scheme for the extension of their 

radford station, in order to effect which, however, a large 
district of house Ded known as Bermondsey will have 
to be acquired. The principal owner is a Mr. Margerrison, 
whose property has valued at various sums ranging 
from 100,0001. to 200,0001. This part of the matter has 
already been referred to arbitration and will shortly be 
dealt with in London. 





WEsTERN AUSTRALIAN TELEG 
station has been opened on the Euela 
Bremer Bay, This station is 150 miles from 


RAPHY.—A telegraph 
h aye 
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NOTICE TO AMERIOAN SUBSORIBERS. 

‘We beg to announce that we have appointed Messrs. Miller and 
Smith, 43, Exchange Place, New York, the sole agents for 
ENGINEERING in the United States, and all subscriptions for the 
United States will in future be payable to them. essrs. Miller 
and Smith are also prepared to receive advertisements for 
ENGINEERING, and will afford full information as to terms, &&.,, 
on application. 








THE PHILADELPHIA EXHIBITION. 

We beg to announce that Mr. JAMES DREDGE is 
now at Philadelphia, and that communications relatin 
to the International Centennial Exhibition may be ad- 
dressed to him at the Continental Hotel, at that City. 
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ENGINEERS AND FOREIGN ORDERS. 

Or all the professions the most neglected as 
regards titles is that of the engineer. Barristers 
rise by dozens to grace the House of Peers as 
law lords, curates may become bishops, and soldiers 
receive their due share of seats in the Upper House, 
whilst many seats are occupied by men whose 
wealth, or the tenure of brief office in the Cabinet or 
of some minor Government position, may be their 
only claim to this advancement. No civil engineer 
has yet been raised to the peerage. We can 
recollect some thirty years ago, when a peer once 
spoke at the Institution of Civil Engineers, the quiet 
and bitter remark of an engineer of eminence, now 
long deceased, that he congratulated the Institution 
on seeing &. peer amongst the engineers, as no 
engineer was itted to take his seat amongst the 

ers. Of minor distinctions a very few knight- 

oods and baronetcies and one or two Companion- 
ships of the Bath are all that have fallen to the 
pesteation that has certainly done as much for the 
nefit of this counter and indeed for mankind, as 
that of the priest, soldier, or lawyer. 

Are not a locomotive and railway. worth a good 
many sermons, and an Atlantic cable worth a 
battle, or a Britannia, Saltash, or Victoria Bridge, 
or an underground railway worth a clever series of 
judgments? Who has improved our artillery and 
our ironclads but our mechanical and civil engineers ? 
Why, then, should the three professions we have 
named be tacitlyallowed to assume a right. to a 
distinction whieh—if we put any value at all on 
oat distinetions—is the. highest. that.,can.-be, 





It is sometimes argued that the soldier fights for 
honour, not for Pay, and as his pay is small he must 
have honour, that.barristers on rising to the upper 
house relinquish good incomes, and that clergymen 
—well, we y know the particular plea but 
usage in the case of clergymen, 

It might be argued, too, that as the world has 
always, within the memory of man, seemed bound 
to have a great number of priests, soldiers, and 
lawyers, and for a long time no eivil engineers, that 
these three professions were evidently the most 
necessary and consequently the most important to 
mankind. On the other hand, if we were asked now 
which the world could best dispense with, it seems 


. arg that we might get on very well without 


attles, and might do with fewer law-suits, while 
Christianity and good deeds might be promoted by 
others than the clergy, but we might be seriously 
inconvenienced if we had no railways, roads, bridges, 
steamboats, telegraphs, or coal mines. 

Engineers, it is said by soldiers, make large sums 

their practice, and this must be their reward; but 
this is not altogether a fair way of Madpt: | the ques- 
tion. It is true a few engineers, when civil engineer- 
ing practice first became recognised, e some 
money. Even this now is much modified. But do 
not bishops get well paid even for sitting in the 
Upper House, and have not most law lords made as 
much as engineers in their practice before they 
rise to the Upper House, whilst soldiers have always 
a steady onward promotion, with pensions, and man 
good Government offices are open to them? Althoug 
a few engineers may make some good incomes in 
London, there are many others not so fortunate who 
render quite as much service to the State and the 
world as the numerous Government officials who, 
after a few years in office abroad, where they have to 
write a few letters on good round salaries, receive 
knighthoods as they retire with a good pension. 

y engineers of ability go abroad ona eg A 
beaten down by the competition of a numerous c 
to avery small amount—out of which they can barely 
save enough to keep them at home when the work is 
over until further work presents itself, while some, if 
more successful, may yet onlysave enough to equal at 
the end of an arduouscareer the soldier’s pension. Yet 
these men execute important works frequently under 
the shadow of Government officials, who perhaps re- 
ceive a C.B,-ship, or a knighthood, for that very 
work, Amongst the members of the Institution of 
Civil Engineers we cannot make up a dozen knight- 
hoods. 

Foreign Governments value the services of the 
civil engineer more than does our own, for even if a 
work is carried out by a private English company and 
contractor in foreign countries, the Government is 
not slow to award honours to the engineers when the 
work is successfully completed. Yet according to 
the present state of Her Majesty’s regulations, 
such foreign honours cannot be accepted, and 
considering, as we have stated, that the British 
Government shows such a very small consideration 
for the profession that has rendered England con- 
spicuous for her forwardness in works of general 
utility to civilisation, it seems hard that this regula- 
tion should not at least be modified. The order 
runs as follows : 

After stating that no subject shall accept a foreign 
order without having previously obtained Her 
Majesty’s permission, itis stated in Rule IL, “Such 

ermission shall not be granted to any subject of 
Her Majesty unless the foreign order shall have 
been conferred in consequence of active and dis- 
tinguished services before the enemy either at sea 
or in the field ; or unless he shall have been actually 
and entirely employed beyond Her Majesty’s 
dominions in the service of the foreign sovereign 
by whom the order is granted.” 

An engineer, who has executed difficult and 
arduous works abroad for an English company, and 
which may benefit the foreign state, cannot there- 
fore accept an order because he is not actually and 
entirely employed in the service of the foreign sovereign 
by whom the order is offered. 

We cannot reconcile these rules with the follow- 
ing paragraph which appeared in the Daily News, 
dated Athens, October 21,1875: ‘The Kin has 
conferred the Grand Cordon of the Order of the 
Saviour upon the Duke of Sutherland, Sir Bartle 
Frere, and Lord Suffield; the grade of Grand 
Commander upon Lord Alfred Paget and General 
Exali and that of Commander upon Mr. Knollys 
and Dr. Farre. Lord Aylesf Lord Charles 
Beresford, Captain Williams, and Canon Duck- 
worth have been created officers, and Captain Fitz- 





George, Mr. Grey, and Mr. Hall, Knights of the 


Order.” 
We cannot find that any of the hg ETE: 
noblemen and emen there stated as having 
received orders from the King of Greece have ever 
been even partially or remotely, much less actually 
and entirely, employed in the service of His Majesty. 
How then can we reconcile this act, done in the 
aban er of er pany of Whee pon the Queen’s 
re on W. 8a; tin + such permission 
shall not be granted, ico? 4 

It seems evident that the rule has here been made 
a dead letter, and surely with such distinguished 
delinquents against the regulation, and sanctioned 
by the presence of so high a personage as His Royal 

ighness, the civil engineer who commits the sin of 
accepting a well-earned foreign order may be 
allowed to wear it with a quiet conscience, Still it 
would be more satisfactory if Her Majesty’s advisers 
would consider the question so as to recommend to 
the Queen’s consideration a change in the regulation, 
thus cnonhag ia civil engineer to wear his foreign 
orders when he is presented at court, or say when 
he is commanded to attend before Her Majesty to 
receive knighthood, or let us hope some day even— 
a Peerage ! 


IMPERIAL STANDARDS OF LENGTH. 

AN important step has just been made by the 
Standards Department of the Board of Trade in the 
establishment of accurate standards of length for 
the use of the public. These standards consist of 
a ‘‘standard measure of 100 ft.,” a ‘standard 
chain of 66 ft.,” and the imperial yard, two-foot, and 
one-foot measures. All of these standard measures are 
placed alongside of the retaining wall at the north 
side of Trafalgar-square, and are open to the free 
use of the public, The ‘standard measure of 
100 ft.” and the “standard chain of 66 ft.” are laid 
down upon a low granite platform at the foot of the 
retaining wall; the two measures are divided deci- 
mally into tenths of feet and tenths of links 
tively, and the divisions are clearly shown and de- 
scribed upon small bronze blocks let into the granite 
platform, The zero points are defined by blocks 
of bronze with vertical shoulders projecting above 
the surface of the granite platform, agaies 
which the end of a chain or tape would be 
drawn up close when being tested; the terminal 
blocks are divided into inches and tenths of inches 
right and left of the true terminal point of the mea- 
sure, so that the amount by which a chain is in 
error can be at once ascertained by inspection. ‘The 
imperial yard together with the two-foot and one- 
foot measures are exhibited upon a bronze tablet 
which is let into the inclined plinth of the retainin, 
wall at a convenient height for testing rules au 
other measures ; for very accurate comparisons end 
measures are provided, where the len are defined 
by the distance between two raised shoulders, while 
for ascertaining the amount of error of rules under 
ordinary circumstances the lengths are accurately 
shown upon a flat bed, the zero point being defined 
by a raised shoulder to which one end of the rule 
under examination is butted. ‘There are three de- 
scriptive tablets let into the retaining wall, and a 
bronze plate on the platform which defines the tem- 
perature, viz,, 62 deg. Fahr., at which the verifica- 
tions should be effected, or at any rate to which 
they should be reduced ; it is scarcely necessary to 
state that the lengths laid down upon the granite 

latform will be very little subject to alteration 

rom changes of temperature, but since most of the 
measures in use consist of iron or steel chains and 
tapes, it was ue necessary to define the normal 
temperature which is provided by Act of Parliament 
as that at which comparisons with the standard 
yard, &e., shall be effected. The granite work has 

mn done by Messrs. John Mowlem and Co., and 
the bronze work by Messrs. Troughton and Simms, 
from the designs and under the superintendence of 
Mr. W. Airy, C.E., acting under instructions from 
Mr. Chisolm, the zealous and able Warden of the 
Standards, 

There can be no doubt about the usefulness of 
these standard measures. Even before the work 
was completed, numbers of chains and tapes were 
brought for verification, and many of these were 
in error to the extent of several inches, Itis need- 
less to Fay out how seriously such errors would 
affect the accuracy of surveys effected with such 
cone, snd it seems wonderful that up to the present 
time there should have been no recognised standard 
chain-lengths exhibited in London, One of the 
first questions commonly put by an examiner in the 
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House of Commons on ap Pgaen of disputed 
measurements on railway plans, is to ask whether 
the or had tested his chain before commencing 
work, and the answer is invariably in the affirmative, 
but from wart of a common stan of comparison 
it is ly probable that many errors have arisen. 
Again it is a well-known fact to engineers that 
country surveys are generally worth very little ; it is 
very rarely that the tithe maps of adjacent parishes 
will, fit one another even tolerably, and there can 
be no doubt but that many of the inconsistencies 
can be traced to errors in the chains which the 
different surveyors have used. Such errors and un- 
certainties do in fact give rise to a considerable 
amount of litigation, and it is much to be hoped 
and expected that this will be diminished when 
accurate copies of the chain-lengths are publicly ex- 
hibited, and are freely open at all times for the 
testing of chains. 

But however great the advantage may be of having 
even one set of standard chain-lengths exhibited, as 
at Trafalgar-square, it can hardly be expected that 
any very great improvement will take place in 
surveys generally until similar standards of refe- 
rence ate established in the provincial towns. 
For the surveys are for the most part executed by 

surveyors who have not ordinarily the oppor- 
tunity of testing their chains in London, and for the 
convenience and advantage of the country generally, 
it would be proper that accurate copies of the chain 
standards should be exhibited in every considerable 
town in the kingdom. The advantage of such 
standards would felt in numberless ways ; all 
the operations of surveyors and builders would be 
immediately referred to them ; chains, oy rules, 
and measures of every description usually sold in 
shops, would be immediately verified, either by the 
vendor or purchaser; matters of litigation and 
dispute depending upon measures would either be 
avoided or settled readily by reference to the 
recognised standards ; and habits of greater accuracy 
would be generally introduced. he expense of 
establisbing the standards would be insignificant 
compared with the usefulness of them; in most 
large towns there already exist large paved areas 
in public places on which the standards could be 
conveniently established, while in nearly all towns 
there are found public gardens or other spaces where 
a low platform could be readily erected suitable for 
the standard lengths. 

It is clear that if standard lengths are established 
for the benefit of the public, they must not only be 
established in a public place, but must be established 
in — ——- as to attract the attention of ~ 
public. For this se it would be proper that 
they should be exhibited upon a ated 4 plotters, 
and that permanent descriptive tablets should be 
placed over or upon the P tform ; the standards 
would in a great measure fail in their usefulness if 
they were simply marked off upon a flagged pave- 
ment, and the public were left to discover them as 
best they could; this has been tried at various 
—_ in London, and has signally failed; the 

ivision lines and other marks speedily become 
clo with dirt, and the whole standard becomes 
80 difficult to find that at last it is totally forgotten. 
in, in order to command the confidence of the 
public, it is very nece that the standard lengths 
wherever erected should be established according to 
the instructions of the Standards Department of the 
Board of Trade, and should be verified and stamped 
by them. This is obviously necessary in order that 
the standard lengths may be accepted as evidence 
by the Courts of Law, and such precautions are by 
no means to be neglected. This verification is by 
no means a simple matter ; in the first place it in- 
volves the ion of accurate standard bars, 
such as are kept by the Standards Department, and 
by them alone; and in the next place it requires 
the most careful methods of ascertaining the 
temperatures of the bars and of applying the neces- 
sary corrections for temperature. It has been laid 
down in the report of the Standards Commission 
that the amount of error to be tolerated in a chain- 
1 of 100 ft, ought not to exceed the twentieth 
of an inch, and with proper care in verification 
it is not difficult to insure this degree of accuracy ; 
but it would be hopeless to attempt such accuracy 
without accurate standard bars and practised skill in 
using them. 

In conclusion, it is gratifying to see that the 
Standards Department have made a decided step 
in a matter so im tas the standards of length, 
and it is to be greatly hoped that they may be en- 
abled to carry out the reform of our chain measures 


with the same skill and energy which they have 
applied to the measures of weight and capacity 
throughout the country. 





THE ABOLITION OF PATENTS IN 
HOLLAND. 

In our recent article on the Lord Chancellor’s 
Patent Bill we referred to the absurdity of the sug- 
gestion that has often been made in certain quarters 
to the effect that we should follow the example of 
the Dutch, who abrogated their Patent Law in 1869. 
We promised on a future occasion to prove conclu- 
sively that Dutch manufacturers are in favour of a 
good Patent Law, their old one having been pro- 
nounced against simply owing to its inherent de- 
fects. We now proceed to fulfil that promise. 
Reference to the report of the discussion which 
took place in the Second Chamber of the Nether- 
lands Legislature in the session of 2lst June, 
1869, would readily show that practical members 
were strongly opposed to the abolition of patents, 
and vegueded. the measure about to be adopted as 
highly dangerous. But we will not goso far back. 
The fact remains that by a majority the Bill was 
passed by which a Patent Law previously existing 
was abrogated. Since then a period of between six 
and seven _ has elapsed, and our friends of the 
Netherlands have had an opportunity of judging of 
the advantages derivable from the absence of protec- 
tion for new inventions. Now, although Holland 
cannot pretend to be regarded as an important 
country in a manufacturing sense, yet its manufac- 
turing interests are of sufficient extent to justify 
the existence of an influential manufacturers’ 
union (Vereeniging van en voor Nederlandsche 
Industrieélen). This institution is often appealed 
to by the Dutch Government when needing advice 
on industrial questions, and from its mem the 
Government representatives and commissioners for 
exhibitions are generally chosen. It is essentially a 
representative institution. To this body a paper 
on the expediency of protection for inventions was 


submitted in the latter part of the past year by 
Mr. Lloyd Wise. We reprint this paper on 
another e, as it points very clearly to the 


true cause of the abolition of patents in Holland, 
a when taken in connexion with the re- 
solution we shall presently refer to. In intro- 
ducing the subject on the occasion of the fifty-sixth 
meeting of the institution, held at the Hague, the 
chairman, Mr. A. H. Eigeman, said the question 
arose whether the society did not pronounce against 
the law of patents of 1817, and this being the case, 
whether it would be becoming in its members to 
support the idea of Mr. Wise. Some might assert 
that since Dutch manufacturers could export their 
productions only by way of exception, they as well 
as their consumers ought to prefer the liberty of 
using foreign inventions as they thought best. Others 
asserted that patents had by no means been abolished 
in the Netherlands, for those which had been granted 
up to 1869 not only Mill existed, but might even be pro- 
longed. Thus the law of 1817 had not been repealed; 
only in 1869 it had been enacted that from the day 
of the promulgation of the law of July 15th, no new 
patent for any invention or improvement or impor- 
tation of artistic or industrial articles should in future 
be granted, excepting only those for which by that 
date patentsshould have been already solicited. More- 
over, as prolongations of the patents already gran 
were solely limited by the maximum of fifteen years’ 
duration, it would be readily seen that they were still 
to live for a rather long time under the influence of 
the law of 1817. The chairman proceeded to remind 
the society that they did not by any means wish to 
to do away with the le rotection of inventions 
in the domain of art and industry by supporting the 
abolition of the law of 1817. For that law, said he, 
whilst purporting to afford that protection, did not 
in fact do so, and whether the law itself, or the courts 
of justice which ought vigilantly to have protected 
the enactments of the law, were to blame for the 
result, it was not for him to decide. But if the law 
did not protect the inventor against forgery or imita- 
tion, although the latter might not in every respect 
with the original, yet if the courts ad 
in the application of the law, the reverse of the 
maxim that “le fond te la forme” or * the sub- 
stance ought to cuenta the form,” then it would 
be better to abolish that law, in order that honest 
men might not rely on protection when nothing of 
the kind was afforded. The assertion of the legis- 
lature laid down in the preamble of the law of 
July 15, 1869, that the granting of patents for in. 


trimental to the interests of ind as well 
the public weal was qenascied tie chairman oe 
untrue, at least in its generalisation, and had, there- 
fore, at the congress of Vienna in 1873, met with a 
eral denial. It was a truism only as regards 
olland, that is to say, so long as its manufacturers 
were, notwithstanding its liberal tariffs, excluded 
from other countries, such as Germany, France, 
and Belgium, not tospeak of England and America, 
Nevertheless he thought the meeting should mani- 
fest its sympathy with the aim Mr. Wise had in 
view, therefore the board of management would 
read his memoir with much pleasure, and make known 

its opinion at the next meeting of the society. 

Accordingly the communication was dealt with 
by the Board, who, having had it in hand several 
months, submitted to a subsequent meeting alengthy 
report, concluding thus, ‘The board of manage- 
ment, having maturely reconsidered this memoir, 
proposes to you to accept and adopt the following 
resolution : 

‘The Dutch Manufacturers’ Union having taken 
into consideration Mr. W. Lloyd Wise’s paper, and 
the discussion which ensued from the reading of it 
in Committee, is of opinion 

“That it is highly desirable, for the sake of the 
public in general as well as of industry in particular, 
that a good, liberal, and international Patent Law 
should be made, as an encouragement to those who 
wish to devote themselves to the practical produc- 
tion of new machines, or to the improvement of 
existing ones, this being the only way leading to 
the application of talent and knowledge to practical 
industry, and conducive to the increase of national 
prosperity.” 

Considering the source whence it ‘emanates, it 
would be difficult to over-estimate the importance of 
this resolution in its bearing as a guide to our own 
legislators. Let them not be led astray by any 
clap-trap about so-called ‘free trade.” The dis- 
honest appropriation of the fruits of a man’s in- 
tellect is not ‘free trade” properly so-called, and, 
therefore, the expression ‘free trade” is entirely 
misapplied when used to describe what would 
be the state of things were protection for in- 
ventions entirely abolished. So far as we know, 
Holland affords the only example of a country 
which, having once had a Patent Law, has wholly 
abrogated it, and, as we have shown, the very 
people who were in favour of the abrogation of 
that ie law, are strongly in favour of the 
establishment of an equitable law for the protection 
of new inventions. Indeed, after the peculiar 
circumstances in which their country is placed as a 
small manufacturing state having low tariffs, com- 
peting with large manufacturing states with high 
tariffs, the strongest objection they urge as against 
the abrogated law is that whilst professedly ¢ i 

protection to inventors it did not in reality do so. 
It will be seen on reference to the paper printed 
elsewhere, that one cause of dissatisfaction with the 
law and the mode of executing it was the examina- 
tion to which applications were subjected, as the 
arbitrary decision of one man, or a few men, how- 
ever incapable, decided on the fate of an applica- 
tion for Letters Patent, and — be productive of 
most injurious consequences. Now this is just the 
sort of difficulty the Lord Chancellor's Bill now 
before Parliament would lead us into if carried out 


ted} in its integrity. Any examination whatever as to 


utility, by whomsoever conducted,{would be a most 
dangerous innovation. Mr. Bramwell, in his elabo- 
rate reply to the discussion on the able paper he 
read to the Society of Arts in 1874, whilst depre- 
cating examination as to utility, went so far as to say 
on this question, ‘‘ Ihave very great fear of it, 
even in respect of novelty.” He showed the mis- 
taken notions formed, not by mere uneducated me- 
chanics, but by highly scientific men, as to Watt's in- 
vention, and the inventions of Dr. Potts and others. 
The questions of novelty and utility are closely 
allied. We ourselves call to mind a comparatively 
recent patent case, a which a most emin - and 
able engineer gave evidence respecting a simple in- 
vention ‘The invention consisted in a combination, 
as most inventions do, one element in particular 
being most essential to the satisfactory working of 
the combination. Now a question was submitted to 
the witness with the view of eliciting whether a certain 


alteration di with that one element would be 
equally sati , and it was not until the fol- 
lowing day, and after he had had an ty of 


nting (for which in this particular case 
apparatus was f rtunately available) that he was 











ventions, improvements, or first importations is de- 


prepared to say that the element it was suggested 




























Sore 























Jung 9, 1876.] 


ENGINEERING. 





489 








ight be dispensed with was in reality essential to 
the efficiency of the machine, This evidence in- 
volved a contradiction of the opinion given by the 
same gentleman on the previous day. Now sup- 

ing thatthe machine did not require the element 

in question, in other words, assuming that element 

could have been dispensed with as being un- 

necessary, the leading feature of novelty and the 

essence of the F anges. on claim would have disap- 

from the patentee’s specification. How 

readily even a most able examiner might fall into 

the grievous error of pronouncing such an inven- 
tion ‘‘ frivolous, and not worthy of a patent.” 

As we have seen in the case of Holland, provi- 
sions for preliminary examinations of this class tend 
to bring a patent system into disrepute. So also 
do such interpretations of a law as fall short of free 
and open-handed justice to inventors. This much, 
and this much only, as against patents, is to be de- 
duced from the abrogation of the Dutch Patent Law 
of 1817, coupled with the verdict that has been pro- 
nounced by the Dutch Manufacturers’ Union. We 
are glad this most salutary expression of opinion 
goes forth at the present time. It ismost opportune, 
and will go far to upset the erroneous impressions 
of many who may have been guided by the one- 
sided statements of enthusiasts, who would wish to 
see protection for inventions abolished at any cost 
save to themselves. 





THE CHANNEL TUNNEL. 
The Effects of the Construction of the Channel Tunnel 
on the English and Continental Railway Systems. 
By Baron M. M. von WEBER, M. Inst, C.E. 


ENGLISH railway engineers are doubtless the first 
in the world, but they are not accustomed to look 
abroad to examine what goes on in other countries. 
Nor have they hitherto had much inducement to do 
so. For although there might be much in Conti- 
nental railways quite different to their own, though 
there might be many things more imperfect and 
others better, yet neither the different nor even the 
better things were available for English use. The 
English railway system is totally different from that 
of any other country.* 

Fortunately for the development of the railway 
system, the comparatively small island of Great 
Britain was its cradle. Created and developed as it 
was under the protection of a liberty dating 500 
years back, this great instrument of civilisation was 
able to put forth its powers and develop in all its 
branches without let or hindrance, and in accordance 
with its objects. We shall be able to appreciate the 
eminent importance of this fact if we attempt to 
realise the course of events which would have marked 
the development of railways if (such a thing being 
psychologically possible) this great and powerful 
invention had Ho born in one of the Continental 
states of Europe. Then police control over con- 
struction and traffic management (all for the sake of 
public safety) would have been its wet nurse, red- 
tape its guardian, and the rod of regulations, normal 
plans and orders would have guided it and chastised 
its tra ions. No doubt what has now grown 
ote giant would have remained a helpless, stunted 


But the course of development of the railway 
system in England, which is up to the present day 
synonymous with the vanguard of railway progress 
in almost all its branches, is not onlydue to England’s 

culiar institutions and special national aptitudes, 

ut almost equally so to the kingdom’s geographical 
position. 

The country which the English railway engineer 
had to survey was definitely bounded by the sea, and 
confined to 5720 geographical — miles by limits 
which no railway could cross. No foreign element 
could be introduced into English railways; neither 
carriages nor systems of engines; neither rules nor 
regulations. Nor could the English modes of con- 
struction or their arrangements ever be brought into 
conflict with those of their neighbours, English 
rolling stock never passed into territories where 
other laws, languages, and rules for traffic were in 
force, all of which would otherwise have had 
to have been considered. It was easy for railway 
managers to understand the whole railway tem 
thoroughly, for they had only to study the British 
railways, which were easy to overlook and to travel 
over, and of which the engineer was able to collect 


* Of course in the following remarks the conditions of 
the railways in India are not taken into consideration 





every detail as he wanted it, since it was bounded by 
fixed limits. 

All the institutions and modes of building of the 
whole British railway system had grown out of the 
national character, and were therefore co to 
the English engineer; all notices on the subject, all 
regulations, bye-laws, rules, and correspondence of 
the boards were in the same language in which all 
intercourse was carried on between the employés. 
All legal questions arising out of railways were 
decided by the same civil and common law which 
has become part of an Englishman’s flesh and blood. 

Only under such circumstances could institutions 
take root, to which, .by their enormous economic 
advantages, the English railways owe so much of 
their prosperity, such, for instance, as the General 
Railway Clearing House, the most important of all, 
and alone sufficient to give the English railway 
system a peculiar stamp; only under these circum- 
stances could so able and honest a corps of inferior 
employés be formed; favoured by such circum- 
stances and by these only, was it possible for trade 
and commerce on the one hand and the means of 
carriage on the other, to be welded into so complete 
a connexion, and to afford the country such immense 
advantages. 

The English railway system was a world of its own: 
it was an insular world which could hardly have 
been more peculiar if it had belonged to another 
quarter of the globe altogether. 

All this, however, will change as soon as the 
tunnel is Pac ome’ between England and the Con- 
tinent. England will then no longer be an island, but a 
peninsula, and although the isthmus which connects it 
with the Continent will be submarine, its effect on the 
railway system will be exactly the same as if it were 
a natural one, 

We ought not to suppose that the gigantic under- 
taking of the Channel Tunnel is to be carried out 
only to save a few-hundred thousand passengers 
yearly the discomforts of a passage which may be 
uncomfortable, but is quite devoid of danger, Such 
an object would be too petty for the enormous out- 
lay required for the construction of the tunnel, and 
of which the amount has probably been under- 
estimated, if we consider the experience of the 
Cenis and Gothard in connexion with the novelty 
of the present problem, Besides, the fact is that 
the above trifling object might be attained almost 
as thoroughly by other and cheaper means (adop- 
tion of large and wide twin ferry-boats, steamers, 
&c.), if it were decided to improve the harbour of 
Calais so as to take in ships of larger dimensions. 

If the importance of the object to be attained by 
the Channel Tunnel is to bear any rational propor- 
tion at all to the means required, the tunnel will 
be constructed only if a very considerable goods 
traffic between the two shores is expected, besides 
the large passenger traffic. Such a traffic, which 
would have to compete with sea carriage, is only 
possible for goods if shifting the loads is completely 
avoided, and the wagons and trucks can run from 
England far into the Continent and vice versd. 

N ow the English exports to the Continent far 
exceed the imports from it. The English trucks, 
therefore, loaded with rails, machines, coals, cotton 
goods, &c., will, after passing the tunnel, be 
scattered far and wide on the Continental railways 
es length exceeds threefold that of the whole 

ritish system), and will have to run distances five 
times as great as from London to the Highlands. 

The English railway companies, who are now 
able to follow their rolling stock almost with the 
naked eye, who know exactly how long each truck 
will take to run the short distances in their island, 
who can, therefore, provide proper loads both for 
the up and down journeys, hence making the best 
use of their stock, and who are always aware in 
whose hands their trucks are, will suddenly see a 
great number of them disap out of their sight 
and beyond their control on long journeys and un- 
known routes. They will no longer be able to cal- 
culate, even appeonseesey: when the stock will 
return. England will, therefore, lose an important 
percentage of its rolling stock, which will be but 
incompletely replaced by the foreign wagons, jwhich 
will remain in land a much shorter time on ac- 
count of the shorter distances. The deficiency will 
have to be made up at considerable expense. The 
stock will travel as far as the shores of the Black 
and Zigean seas, to the east coast of the Baltic, 
to the southernmost point of Italy and to the 
Pyrenees ; it will pass over the lines of a dozen or 
more foreign com 





panies, be brought under the in- 
fluence of three or four different legislatures, police 








———————— 
tions, bye-laws, Government inspections, &c. 
where three or four different languages are 


an 
officially in use, 

The English will then see their goods 
traffic accounts and their rolling-stock accounts 
assume hitherto unheard-of complications, and take 
a shape which will prevent their being handled as 
at present by the Clearing House, thus causing a 

t break in the usefulness of that institution. It 
is this complication which has hitherto prevented 
the introduction on the Continent of a clearing 
house after the pattern of the London institution. 

Quite new legal obligations and intricacies will 
appear, if the companies having to forward 
direct into foreign countries send their wagons into 
the territories of different jurisdictions, It will not 
be of much use if the English companies attempt 
formally to confine their transactions to the French 
railway which joins theirs. Claims from Turkish, 
Russian, Austrian, Italian, German, Be and 
French railways will still be brought sone them, 
in some cases requiring direct and immediate com- 
munication, unless business be delayed by having 
to ~ through a long row of different companies 
with an incalculable waste of time and money. 

The strictly technical problems which arise 
in consequence of the construction of the Channel 
Tunnel will be almost as new as the others. Germany 
and Austria, which receive so large a proportion of 
England's exports, will only allow its rolling stock 
to pass on to their railways—which are twice as 
long as those of England—under very strict, if just, 
coe regulations. But the larger portion of 

nglish rolling stock is not equal to passing these re- 
gulations, as neither the construction, nor execu- 
tion, nor maintenance suits them. A number of 
English trucks have either no spring buffers at all,. 
or only at one end, the coupling eyes, hooks, and 
chains do not fit the German 8 , and the dis- 
tance apart and height above rails of the buffers, 
although theoretically equal to the German dimen- 
sions, is not strictly adhered to. The same remark 
— to those very important points, the strength 
of the axles for certain loads, and to the gauge of 
the tyres, to the wear which is allowed in them, to 
their width, and other constructive parts, 

Besides, many English trucks have frames entirely 
of wood with comparatively light scantlings. These 
are not equal to the strain imposed upon them in 
German goods trains, which are much longer and 
heavier, though less frequent, thanin England ; still 
less to the heavy gradients of the mountain railways. 
Least of all could they stand the knocking about to 
which German trucks are subjected in consequence 
of the peculiar method of managing the shunting 
and the putting together of goods trains. 

All these points will and must cause English 
rolling stock to be ore turned back at a 
frontier, or at the boundary Suspeen one railway 
and another, thus putting the English companies to 
great expense and trouble. The case would beatill 
more awkward if an English truck (particularly one 
being run under customs’ seal) were to get damaged 
on some distant line, and no reserve parts were to 
be found in the neighbourhood to repair the damages, 
nor any patterns to work from. 

On the other hand, Continental wagons, and par- 
ticularly German ones, if running on to the En- 
glish lines, would be sources of much annoyance 
and difficulty on account of their great height and 
width, and the length of their boxes and bearings, 
which would prevent their being turned on the 
English turntables and run in and out of English 
os sheds, Besides, the fact of great numbers of the 

yerman mone having fixed covers, would prevent 
the use of the excellent and economical mechanical 
appliances which enable so much work to be done 
in English oe stations, and which appliances are 
unfortunately impossible in Germany on account of 
the general use of fixed close wagons. The greas- 
ing and care of foreign rolling stock, which has to 
be carried out with more attention than that of the 
English, and on quite different systems, would also 
cause the companies much trouble. 

Thus, when a railway connects England and the 
Continent, the former will be invaded by a great part 
of the difficulties with which Continental lines have 
to contend on account of their international and un- 
limited traffic, andthe immense extension of their rail- 
ways overcountries ing different governments, 

i veto 7 erent peat: one aa bp 
it impossible for the managemen simplified 
joint institutions for control, This will distur 'b the 

omogeneity of the me railway system by the 
introduction of new and inconvenient views both in 
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traffic management and in methods of construction. 
And in consequence of the great diversity of these 
constructions and arrangements, an . quick, and 
cheap connexion between the traffic of ngland and 
the Continent can only be developed very gradually. 

But there can be no doubt that the exact, careful, 
and thoughtful construction of rolling stock usual 
on the Continent, which so largely contributes to 
the safety of the traffic, will make a ent im- 
pression in England, and that public opinion will 
very soon make itself heard, and demand equal care 
for English rolling stock, particularly if the public 
inquire into the means of avoiding accidents when 
they have occurred, Nay, more, the fact will soon 
become generally known, that even if the greater 
speed and number of English trains be taken into 
consideration, the safety of travellers in Germany is 
fifteen times ter than in England ;.and public 
opinion, which is so powerful there, will soon force 
the railway companies to great sacrifices in order to 
improve their rolling stock without regard to 
economy in building or using it. Nor will this be 
all, That same public opinion, which is always 
guided by catch-word phrases and momentary im- 
pressions, will soon overshoot the mark in its igno- 
rance of the working of railway traffic, and will de- 
mand that the above-mentioned safety of railway 
travelling be secured by the use of other Con- 
tinental appliances and traffic arrangements as are 
either unsuitable to the individuality of the English 
railway system (like the German code of signals, 
the German bye-laws and forms of examination) or 
have been long surpassed by better arrangements in 


of those in the conception of which fancy, with high- 
sounding phrases about international traffic, conquest 
of the sea, &c., and Byes Fre of the con- 
veyance of enormous masses, 

part. In reality the project has arisen from the fear 
cf sea-sickness, and is therefore literally a sickly 
and diseased one. 


gentlemen at the South Kensington Museum on the 
evening of yesterday week, the occasion bei 
conversazione 
dent of the Institution of Civil Engineers, and Mrs. 


rates, afford a sufficient margin to pay interest on the 
capital, while an increase of fares would drive man 
back to the sea route, The only goods traffic whic 
can be reckoned on for the tunnel is confined to that 
for which great speed is required, or where the ex- 
apes of loading on board ship and unloading again 
very considerable. sb : 
This description of goods is much too limited in 
quantity to have any influence on a railway paying 
or not, still less effect can it have on a line of such 
enormous cost as the Channel Tunnel. 
The rt of large masses (on which the pro- 
sperity of railways depends everywhere) will always 
be carried on by sea, and will take the route afford- 
ing the longest water and the shortest land carriage. 
Coals, iron, cotton, &c., will certainly only pass the 
tunnel in very small quantities for use on a small 
strip of the Continent near its mouth. 
The idea of the Submarine Tunnel is therefore one 


played the principal 








THE INSTITUTION CONVERSAZIONE. 
THERE was a very brilliant gathering of ladies and 


ng the 
given by Mr. Stephenson, the Presi- 


England, 


he companies themselves when they first become 


superficially acquainted with some of the Continental 
arrangements which are very plausible at first sight 
(for rey ue bell signals on the line) will hesitate, 
begin to doubt their convictions, and make experi- 
ments, perhaps even in the management of their 
business. 

Thus fthe execution of the Channel Tunnel 
threatens the English railway system, which has 
hitherto been quite freely developed in a manner 
most congenial to the English character and country, 
with an invasion of foreign vices and influences 


which may certainly bring some advantage here or 
there, but which will possibly destroy the peculiar 
stamp of the English system, and certainly cause many 


complications and t expense, 


e must not omit to mention as a point involving 
some danger for England, that in case a Continental | P. 


war were to break out suddenly, the kingdom would 
lose all the rolling stock happening to be abroad, 
while the Continent would probably have very few 
wagons in England. The former has much less to 
expect from the influence of English arrangements 
on its own, for, in the first place, most of them are 
already perfectly well known to foreign railway en- 
gineers, and they have assimilated everything they 
could make use of ; in the second, the extent of the 
Continental lines is too t; and, lastly, it is a 
matter of experience that it is easier to go back to a 
complicated system than forward to a simpler one. 

If after the above examination of the effects which 
the English and Continental railway systems will 
produce on each other when the Channel Tunnel is 
completed, the advantages it is likely to produce 
are considered impartially, the following approxi- 
mate results will be reached. 

The number of passengers there and back in 1874 
were as follows: 





Stephenson. The original intention was to have 
held the conversazione in the galleries occupied by 
the Loan Collection of Scientific Apparatus, but it 
was found that the objects on exhibition would pre- 
vent the free circulation of the guests. It was 
therefore decided to apply to the Lord President of 
the Council for permission for the gathering to take 
place in the South Kensington Museum, which per- 
mission was readily accorded. Mr. P. Cunliffe Owen 
at once kindly undertook the responsibility of making 
the necessary arrangements for the comfort and 
convenience of the visitors, and how well he suc- 
ceeded those who were present are able to testify. 
By having two entrances thrown open, one in the 
Cromwell-road and the other in the Exhibition-road, 
no crowding was experienced either on entrance or 
exit. The two streams of visitors converged at and 
roceeded along the West Corridor to the North 
Court, where they were received by the President 
and Mrs. Stephenson and the Council of the Institute. 
In this court was stationed the band of the Royal 
Marine Light Infantry (Portsmouth division) lately 
serving on board H,.M.S. Serapis, the members of 
which showed their recent Indian experiences in 
their bronzed complexions. In the Sheepshanks 
Gallery the string band of the Royal Engineers was 
stationed. Each band performed a choice selection 
of music during the evening, the pleasures of which 
were enhanced by a profuse supply of refreshments. 
The various courts were crowded during the even- 
ing, the number present being nearly two thousand. 
Amongst the visitors we noticed Sir Garnet Wolseley, 
General Lawrence, Sir John Hay, Admiral Sir Ez 
Belcher, Admiral Inglefield, Lord Justice Baggally, 
Professor Noad, Professor Tennant, Professor 
Abel, Professor W. G. Adams, Professor de 
Eccher, Dr. Voelcker, Dr. J. H. Gilbert, Dr. L. 
Hooker, Major Seddon, Captain Shaw, Sir D, 
Lange, Sir Antonio Brady, Cavalier G. T. Cimmo, 
M. Daubrée, Cardinal Manning, the Warden of the 
Standards, Mr, E. J. Reed, M.P., C.B., Mr. C. W. 
Merrifield, Mr. Edwin Chadwick, C.B,, Mr. Hep- 
worth Dixon, Mr. Horace Jones, and many others 
well known in connexion with science and art. 


affected ; second, changes of temperature alter the 
elasticity of the vase and spring, Pant is, the resist- 
ance to the pressure of the atmosphere ; and third, 
changes of temperature affect the tension of any 
air or vapour which may be left in the vacuum box, 
Vidi proposed to compensate for the effect of tem- 
perature on the vase and spting by introducing 
a small quantity of dry gas into the vacuum vase, 
on the h esis that a rise of temperature would 
increase the tension of the gas while it would de- 
crease the resistance of the vase and spring, and 
vice versd for a fall of tem re; so that the art 
of compensating the aneroid for changes of tempera- 
ture would mainly depend on the introduction of a 
suitable portion of gas; Asan absolute vacuum is 
never formed in the vase, it follows that the remain- 
ing air always acts more or less as a compensator 
for temperature. Hence it sometimes happens that 
aneroids are self-compensated, though they are 
more commonly over or under compensated, the 
vacuum being in the one case bad and in the other 
good. The under-compensating vases are the best, 
because they are the most sensitive to changes of 
pressure. With an over-compensating vase the 
effect of heat is equivalent to a decrease of pressure, 
and with an under-compensating vase to an increase 
of pressure, To these can be applied an auxiliary 
compensation. The principle of compensation for 
changes of temperature by compound metallic 
lamin, as applied to the chronometer, has also 
proved effective in the aneroid. For this purpose 
the main lever, or connecting bar, is composed of 
bars of brass and steel soldered together. The ad- 
justment is made by the process of trial and error, 
one or the other bar being reduced in thickness by 
repeated filing, until the compensation is satisfactory. 
As the process is tedious, it adds considerably to 
the cost of the instrument, and as a general rule is 
only applied to first-class aneroids. In very many 
instances it exists only in name, and there are as 
many grades of perfection in compensated aneroids 
as there can possibly be in compensated watches. 
That the compensation can be well done if the 
makers take sufficient pains is evident from the trials 
of aneroids in different temperatures which have 
been made at the Kew Observatory. 

It has been stated that the effect of heat on 
aneroids which have a good vacuum is to give an 
indication of apparent increase of pressure. Let 
A B in Fig. 10 4 the lever or rod connected with 
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the top of the vase at A, and with the bent lever at 
B, its side remote from the vase being steel and 
the side adjacent brass soldered together. Upon a 
good vacuum, heat causes a loss of elasticity in the 
vase and spring, and the lever will be depressed ; 
but owing to brass expanding more than steel for 
the same changes of temperature, the bar itself will 
tend to curve upward and thus neutralise the down- 
ward tendency. The position of the metals of the 
compensation bar must be reversed if the aneroid 
has a bad vacuum. Thus a perfect vacuum requires 
for the compensation bar steel above brass; a fair 


ae steel or brass; a bad vacuum, brass above 
steel. 


Some aneroids have been made with the compen- 





Calais oop 199,345 
pe ... » 

Between land and Boul 110,419 

_ Ostend... 45,495 

Other parts 72,266 

Total 485,760 


Of these we can only reckon the peespngers who 
crossed to one of the first four harbours, the re- 
mainder are too much affected by the cost of the 
passage. But we must further subtract a certain 
percentage for those who are not subject to sea- | perso 
sickness, or who being subject to it, do not fear its 

bles and dan so much as those of an 


There were also 
officers of most 


resent the presidents and other 
the leading scientific societies 
and kindred institutions. We need hardly say that 
the Institution itself was fully represented in the 
ms of itscouncil, officers, and members, nor need 
we add that a most enjoyable evening was passed. 





extremely disagreeable, noisy, nerve-destroying 
journey of an hour’s duration through the close at- 
mosphere of a tunnel, and therefore prefer the 
passage in the open air. y, we must subtract 
the — on perfectly fine calm days. 

e passenger traffic through the tunnel 
would therefore now hardly exceed 300,000. But 
even if it be assumed that the influence of the tunnel 


will increase this traffic tenfold, even then three 
million passengers would not, at the present 


THE ANEROID: ITS CONSTRUCTION, 
PRINCIPLES, AND USES.—No. V. 
TEMPERATURE may be considered to affect the 
aneroid in {the following ways: first, changes of 
temperature will cause expansion or contraction of 
the metals coneenes the instrument, but as the 
pe! will be very nearly in the same ratio for 

e 





ferent metals, and ¢ d expan 
more or less than a 4 will act w 
directly, and so correct for the alterations in the elas- 
ticity of the vase and spring due to changes of tem- 
perature, Thus, sup 
ture causes a loss of 

the steel bar a 4 will be 
their relative positions will not thereby | ex: 


sating bar applied so as to act independently upon 
the pointer by the following arrangement: In Fig. 
ll @ }is the connecting rod or lever forked at 4; 
c d the compensating bar fixed at ¢, and connected 
at d to the bent lever d 4 ¢, having its fulcrum at 4 ; 
hg fis a bent lever on a rocking shaft g; ¢ fis a 
link; 4 £is the chain. Here the compound arm acts 
as a simple one if influenced by pressure only ;. but 
temperature affects each bar differently being dif- 
ding or contracting 
the levers 


ing an increase of tempera- 
icity inthe vase and spring, 

, but the superior 
of the brass bar ¢ d will tend to raise the 








be modified, and hence the indications will not be 





point ¢, and so effect compensation, The practical 
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objection to this mode of compensation is that at 
the pivots and jeints there must be more or less 
pa vain and a considerable~difference of tempera- 
ture must occur before the expansion tells upon the 
pointe. Hence'it must act by starts when it acts 
at all. 

The importance of compensation becomes evident 
when it is considered that a rise of 40 deg. from 50 
to 90 deg. Fahr. may cause an aneroid not com- 
pensated to read 0.25 in. higher than it should 
do. The adjustment for compensation consists in 
making the aneroid when surrounded by the tem- 
perature derived from pounded ice, and afterwards 
by the heat in an oven of about 90 deg., read with 
the mercurial barometer precisely as it did under the 
ordinary temperature, As a rule the makers do not 
apply the well-known temperature corrections for 
their barometers when they graduate or set their 
aneroids, The barometer is considered to be at the 
same temperature during the operation ; and, con- 
sequently, the correction due to temperature will 
appear as a scale error for the aneroid, New aneroids, 
on this account, have generally large or small errors, 
according as the local temperature was high or low 
at the time of adjustment. Cheap aneroids not 
compensated have commonly a widely different error 
for a large range of temperature, as the following 
example will show: Aneroid S, 15, temperature 43 
deg., correction, —.05 in. ; 55 deg., correction, —.1] ; 
73 deg., correction, —.18 ; and many are far worse 
than this. 

It is apparent that the corrections of aneroids due 
to temperature are not sufficiently similar for ever 
the same class of instruments to warrant the applica- 
tion of any general rule for reducing their ings, 
as we haye for mercurial barometers, If it be 
desired to apply such corrections they must be de- 
termined for each aneroid independently. Com- 
pensation greatly reduces the error due to tempera- 
ture, still owing to the instability of the elasticity of 
the vase and spring, there can be no hope of gaining 
a perfectly accurate and constant result. Here are 
readings of a compensated large aneroid under vary- 
ing temperature : 


Time. Reading. Temperature. 
h. m. eg. 
9 30pm 29.85 65 
9 4 , 29.84 80 
@. 2. « 29.85 116 
MW 1B6..n 29.87 100 


11 30 ,, 29.85 67 

This is a specimen of the effect of temperature on 
one of the most perfect aneroids that can be made, 
which has also been well seasoned. It is very rarely 
indeed that even professedly compensated aneroids 
are uninfluenced by temperature. The compensa- 
tion is merely an improvement and does not entirely 
remove the error due to temperature. Here is an 
example: a pocket aneroid No. 85; temperature 
32 deg., correction —.04; 52 deg., —.10; 72 deg., 
—.16; 92 deg., —.19. Owing to the gradual loss 
of elastic force in the vase and spring the scale cor- 
rections of aneroids are not permanent; after the 
instrument is a year or two old, however, they 
change very slowly ; but the difference of error due 
to temperature once ascertained can be applied to 
the scale error found at any time at any particular 
temperature. 

An aneroid properly compensated ought to show 
the same pressure in the external air at a temper- 
ature, say, of 40 deg., as it would in a room where 
the temperature at the same time may be 70 deg., 
provided the elevation is the same, and time is 
allowed for acquiring the temperature. To test it 
thoroughly would require a comparison with baro- 
meter readings conducted through a long range of 
temperature and under artificially reduced pressure, 
as in an air-pump or in a vacuometer. A practical 
test, is to compare the aneroid daily, or more often, 
for a few woh, with the readings of a standard 
barometer reduced to 32 deg. Fahr.; and, if the 
error so found be nearly constant, the compensa- 
tion may be considered good, particularly if the 
temperature during the trial has varied greatly. 
Here is a specimen of results obtained in thismanner: 
compensated pocket aneroid No. 4, compared at 
ordinary pressure with a standard barometer re- 
duced to 32 deg. Fahr. 

Correction a at temp. 43deg., from 7 observations 

” =e 59 


” ” 


March, April, May, and June, 1873, the aneroi 
being k 
In fin 


in the vertical position. 
g the scale error of an aneroid at any 


JOINT STOCK COMPANIES IN PRUSSIA. 
A LENGTHENED essay on the legal profession in Prussia 
appearing in the Zeitschrift des Kéniglichen Statistischen 
Bureaus, contains the subjoined statistics on joint-stock 
companies, the shares of which are or were quoted at the 


Berlin Exchange. The Table shows that the capital in- 
vested in shares of 185,577,6501, at the end of 1872 had a 
quoted value of 231,669,5017., but that by the end of 1875 
it had sunk to 124,724,595/., or to nearly half its former 
extreme value 














g 
Ss} Quoted Value of Capital 
A noted Value i 
Purposes for which the [% boner ay Issued on December 31. 8 Decal tr ee 
— §| Issued and 
were Established. Hi Paid in, 
Z 1872. 1874. 1875. 1872 1874. 1875. 
“ai : £ per cent. |per cent.|per cent. £ £ £ 
Mining, smelting, salt works.../101 | 26,199,300 | 138.90 | 74.82 | 46.90 | 36,390,382 | 19,601,879 | 12,289,301 
Stone q ing and working | 17 | 1,126,800 97.30 | 35.04 | 21.26 | 1,096,398 399, 238,614 
Metal working... os | 10 658,500 | 119.63 49.97 32.92 787,730 329,081 216,787 
Manufacture of machinery and 
tools ... ose, pee ..| 60 | 5,651,250 | 120.93 | 60.55 | 48.33 | 6,834,252 | 3,421,668 | 2,733,859 
Manufacture of chemicals 13 | 1,234,500 95.19 29.74 14.18 | 1,125,085 367,124 250,024 
Heating and lighting... _...|_ 1 300,000 | 93.00 | 60.25 | 49.25 279,000 181,250 147,750 
Manufacture of textile fabrics | 21 | 2,701,500 92.42 | 51.56 | 39.65 | 2,495,124 1,392,848 1,071,189 
Manufacture of paper and 
leather Ae wes «| 10 736,500 | 99.28 | 58.49 | 37.66 731,201 430,746 277,350 
Wood and wood-working in- 
dustry... w.  .. oat 4 234,000 | 107.54 | 56.84 | 35.00 251,633 131,828 81,900 
Provisions and condiments ...| 31 | 3,483,600 88.93 59.08 48.06 | 3,098,004 1,812,384 1,674,000 
Dress andcleaning ... ...| 1 75,000 | 85.00 | 33.00 | 15.00| 63, 24, 11,250 
Building ro ace «| 43 | 8,311,050 | 102.14 38.83 25.84 | 8,518,895 3,227,426 2,147,809 
Art employed for industrial 
8e8 ec as eve] I 75,000 94.00 23.00 5.00 70,500 17,250 3,750 
Trade and commerce ... 5 719,250 | 109.72 83.07 64.06 789,154 597,462 460,717 
Traffic ... oe ous -| 11 | 1,195,500 | 110.15 75.14 66.69 1,316,903 898,283 797,304 
Diverse companies... 533, 135.83 | 43.49 | 22.72 23,150 232,080 120,716 
Bank and credit shares 111 | 43,075,200 | 116.94 | 97.74 | 83.74 | 65,373,339 | 42,101,742 | 36,070,813 
Railway stock ... abs «| 44 | 78,812,600 | 119.69 86.58 78.54 | 87,909,140 | 68,911,714 | 57,975,491 
Railway preference shares ...| 21 | 15,544.950 88.55 67.73 52.94 | 18,770,865. | 10,529,331 8,229,921 
Totals 510 |185,577,750 231,669,501 (149,657,608 |124,724,595 
































‘time by comparison with a barometer, it should be 
remembered that the effect of temperature upon the 
latter is well known, and can be allowed for, using 
the appropriate Table according as the scale is on 
brass, glass, or wood.* The difference between the 
reduced barometer reading and the aneroid reading 
is the error of the latter. Ifthe barometer readings 
are not reduced to 32 deg., that is not corrected for 
temperature, the error found for the aneroid would 
depend oe the temperature, and on this account 
alone might be anything from .0] to .17 for tempera- 
tures from 32 deg. to 92 deg. 

It has not yet been satisfactorily shown that the 

temperature error of aneroids is independent of the 
pressure under which it is found. As this error 
arises from the effect of temperature upon the 
elasticity of the vase and spring, it would seem 
probable that it must vary with the more or less 
relaxed state of that elasticity, This is a matter 
which deserves attention, and it would not be diffi- 
cult to arrange apparatus for the parpose. It would 
only be necessary to put the box for heating or cool- 
ing aneroids in connexion with an air-pump attached 
to a mercurial barometer. 
It may be concluded that the best way of using an 
aneroid is to keep it as nearly as possible at a uniform 
temperature. If carried in the waistcoat pocket, a 
temperature from 60 to 80 deg. should be sought 
for it by placing it in a well-padded box near a fire, 
when not worn, Where apparatus are provided for 
verifying the graduations and testing the thermal 
compensation of aneroids, it would be advisable to 
make all comparisons with the instruments in a 
vertical position, and it is not necessary or prudent 
to subject them to a greater heat than 90 deg. or a 
greater cold than 40 deg. 


GLASS FROM BLAST FURNACE SLAG. 
WE have lately had an opportunity of examining several 
specimens of glass manufactured under the patent of Mr. 
Bashley Britten. The process consists in using the slag 
from iron furnaces in its liquid state direct from the blast 
furnace. It is found that the whole of the slag when thus 
employed is convertible into perfectly transparent glass of 
a good colour, and thus by the utilisation of a material 
now valueless, as well as of the heat it contains when thus 
taken direct from the furnace in its liquid state, so large a 
saving is effected that the process is likely to bring about 
most important changes in glass manufacture. The process 
has been successfully carried out at the iron works of Messrs. 
Cheshland and Fisher, near Wellingborough, by Mr. 
Britten on behalf of a number of gentlemen interested in 
the patent. 

The slag is conducted while in a liquid state into a tank 
holding about 15 ecwt., where it is mixed with other 
materials, and in an incredibly short space of time, as com- 
pared with the ordinary method, glass is produced. This 
glass is acknowledged by the workmen to be of an exceed- 











* Vide Simmonds’ Meteorological Tables, and others, 


ingly soft or plastic nature. It is perfectly acid proof and 
capable of use for all purposes for which the best bottle 
glass is suitable. It cuts readily with the diamond, and is 
available as rough plate for roofings, skylights, green- 
houses, roofing tiles, and for many other uses from which 
glass, as heretofore manufactured is, on account of its cost, 
necessarily shut out. Specimens have also been produced 
of this glass coloured brilliantly, and suitable for the 
purposes for which coloured glass is employed. ; 
A private company has been formed and will shortly be 
registered with a capital of 200,000/. for carrying out the 
manufacture of glass under this patent on an extensive scale. 


CARTRIDGES IN TuRKEY.—Turke to manu- 
facture its own cartridges, and with this obloot ry aide 





Government has ordered 300,000 dols. worth o 
machinery from the Winchester Arms Company, of New 
Haven, Connecticut. 





Coat In Sparn.—The Ciudad Real and Badajoz Rail- 
way Company, which has a branch to the Belmez coal 
mines, does not appear to be making much ee in the 
development of Jits coal traffic. Thus in 1875, the quantity 
of coal angeiedl ty the esmmpany aid nab qnecel DAME tamee 
in 1874 it had been 107,598 tons. 

Coat In France.—The Pee of coal in France in 
1875 is officially returned at 16,949,031 tons, as compared 
with 17,059,547 tons in 1874. The largest uction was 
effected last year in the departments of the Nord and 
the Pas-de-Calais in which the extraction amounted to 
rather more than 6,500,000 tons. The uction of the 
basin of the Loire last year was about 3,250,000 tons. 


Tay BrivGs OreRaTions.—The work at the Tay Bri 
is being carried on with energy on both sides of the 
river. Last week two of the large piers and two girders 
were floated out and placed in position. Large squads of 
hands are actively me 5 preparing other piers and 
irders, and the mg to of the work each month during 
istinctly apparent. 


he summer will 
PARISIAN TRAMWAYS.—Twelve lines of tramways are 
now in working in Paris, viz., from the Louvre to Versailles, 
to Sevres, to St. Cloud, and to Vincennes ; fromthe Place 
de l’Etoile to La Villette, to oie, to Suresnes, and 
Se Sette tanategia ete 
a ; from the 
Levallois-Perret ; from the Place Saint Germain-des-Prés 
. wr ; and from the Place Moncey to Clichy and 


Srrev. Firresoxes.—The ninth annual convention of the 
American Railway Master Mechanics’ Association has — 
been held at Philadelphia. A report of a committee which 
was read and considered gave a preference to steel fireboxes. 
Out of 1040 engines using them, the number of. sheets 
ph ge ee withm two years was 125 

ide sheets ; 118 of the ruptures 
one line ; most of the cracks 

e 
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We bave received particulars of some repairs effected at 
seaduring a run of the Pacific Mail Company's steamer 
Colima from San Francisco to Sydoey in November last, 
which will, we think, be read with interest by many of our 


readers connected with marine engineering. The s.s. 
Colima, we may premise, has a gross tonnage of 3000 tons, 
and a displacement at deep draught of 4800 tons. She is 
driven by a pair of compound engines having a high- 
pressure cylinder 51 in., and a low-pressure cylinder 88 in. 
in diameter, the stroke being 3 ft. 6 in. The pressure of 
steam used is 63 1b, The vessel is fitted with a Hirsch 
propeller 16 ft. 6 in. in diameter and 28 ft. Gin. pitch. 

In November, 1875, the Colima left San Francisco for 
Sydney vid Honolulu and Auckland, the run from San 
Francisco te Honolulu, a distance of 2087 knots, being made 
at an average speed of 10} knots per hour, the engines 
making 554 revolutions per minute. The weather for the 
first five days was moderate, but with a strong beam sea, 
the vessel rolling heavily. On the 19th of November the 
Colima left Honolulu, the weather being fine with light airs 
and calms, and the engines making 57 revolutions per 
minate, and giving an average speed of 11} knots. At 
1867 miles from Honolulu, however, a fracture occurred in 
the forward arm of the after crank, the fracture, as shown 
by the annexed sketches, running in an almost straight line 
across the arm close to the neck of the main journal. The 
appearance of the fracture (see Fig. 7) showed a very im- 
perfect weld, the edges alone being really fractured, and 
the area of sound metal being only about 25 square inches. 
The grain of the metal was very coarse and crystalline. 

Under the circumstances Mr. R. Forsyth, the chief en- 
gineer of the Colima, decided to fit a spare shaft which had 
been in use before, but which had been taken out on ac- 
count of a flaw in the crank-pin. It was, however, con. 
sidered serviceable and was therefore carried asspare. The 
change was effected, and after 70 hours’ detention the 
Colima steamed ahead at an easy speed of 8} knots, the 
weather being fine and the engines making 49 revolutions 
per minute. Only 777 miles had been run, however, when 
the after arm of the low-pressure engine crank gave way, 
the break following the circle close to the main bearing, 
and as both engines were forcing the shaft round the 
broken crank rode over the corner of the piece left in 
the after bearing of the sole plate, and in doing this broke the 
base of the column and sole plate and also the other arm 
of the crank, when, of course, the smashing of the piston 
and cylinder cover followed, thus completely disabling the 
after or low-pressure engine. 

To make the high-pressure engine do the work alone it 
was necessary to repair one of the shafts, and the one first 
broken was accordingly taken in hand and repaired by 


fitting in four double dovetail plates 5 in. by 1} in., as shown |! 


by the annexed Fig. 2, keeping the broken pieces in the 
meanwhile well together by means of two hydraulic jacks. 
Two clamp plates built of different pieces were then put 
longitudinally over the break, as shown by Figs. 1, 2, and 
3; these clamp had jin. shoulders fitting snugly on 


each cheek of the crank, and they were fastened with the 
4 in. crosshead bolts. 


A band of iron was then shrunk 









around the crank passing over the straps; this band was 
5 in. by 1in., made in two pieces with lap joints and three 
1} in. bolts in each joint. 

These repairs being effected and the shafts again changed, 
the Colima went ahead with the high-pressure engine after 
a delay of six days, the engine making 30 revolutions per 
minute and the speed obtained being7 knots. The weather 
was fine, and after running 622 miles without further 
trouble the vessel arrived at Auckland on December 14, 
1875. We should explain that the delay of six days, just 
mentioned, includes everything from time of breakdown 
until starting again under steam, the actual time occupied 
in repairing the shaft being about three days. The shafts 
had to be taken from the hold, the low-pressure valve to 
be taken out and the ports blocked, the connecting rod to 
be removed to give clearance, and the first long length of 
screw shafting bad to be taken up and moved aft to permit 
the cranks to pass into the engine room. Altogether the 
performance of the work in the time was most creditable 
to the energy of Mr. Forsyth and those under him. 

Although the repaired shaft showed no signs of yielding, 
it was deemed advisable as further security on the ship’s 
arrival at Auckland, to fit on a heavier strap in the place of 
the 5 in. by 1 in. one fitted at sea. This was done, the new 
strap being 8 in. by 3 in., connected as shown in Figs. 5 and 
6, and with this the steamer proceeded to Sydney, a distance 
of 1290 miles, making an average speed of 8 knots, the 
engines running at 40 revolutions per minute. The Colima 
arrived at Sydney on the 25th of December, the repaired 
shaft having shown no signs of working at the fracture. 

On the arrival of the Colima at Sydney, it was at first 
proposed that the Australian Steam Navigation Company 
should make two new shafts with their new 6-ton hammer, 
but the agents for the vessel ultimately entrusted the repairs 
to Morts Dock and Engineering Company, and ordered the 
shaft to be repaired in the manner shown by Figs. 8 and 9 
annexed. A great difference of opinion existed among the 
engineers in Sydney as to whether the crank as built in this 
way could be depended upon, but while the job was in hand, 
the City of San Francisco, alarger ship with similar sized 
cylinders, but much longer stroke (5 ft.) arrived at Sydney 
with all her cranks built in the samemanner. We may add 
that since receiving the above particulars, we have also re- 
ceived letters which had been carried by the Colima to San 
Francisco, and we presume therefore that the shaft, as shown 
by Fig. 8, made the voyage successfully. As regards the 
other repairs effected at sea in the manner we have explained, 
we may repeat that the manner in which they were carried 
out reflects great credit‘upon Mr. Forsyth. 
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HUGHES'S LUBRICATOR. 


WE illustrate below a very simple form of lubricator 
which has been designed and patented by Mr. Henry 
Hughes, of Loughborough. The peculiarity of the lubri- 
cator—which is intended to use suet—consists in the ab- 
sence of any cocks, screw valves, or other adjustments, the 
lubricator being intended to be connected directly upon the 
cylinder. The lubricating material, by preference suet, is 
contained in a chamber fitted with a cap secured by a screw, 
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this chamber being connected to the cylinder to be lubricated 
by means ofa very small hole passing through the stem of 
the lubricator. The proper size to give to this hole has 
been determined by experiment by Mr. Hughes, and as 
there is no adjusting cock the supply of lubricant is constant 
so long as there is steam in the cylinder. The hole is so 
minute that if the top cap is removed for the purpose of filling 
the chamber when steam is in the cylinder, the escape of 
steam is too small to cause any inconvenience. 
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THE LaTe Mr. CHaries Brrzer. — We 
announce the death last week of Mr. Charles Be 
firm of Beyer and Peacock, Gorton Foundry, - 
Mr. was intimately connected with the progress of 

i i was widely known 
We —_ ny postpone our account 


65 of his career until next 








in course of projection or When this network | Tue Sruprents or Tax INsTITUTION oF CrvIL EN- 
of lines been completed, the chief towns of fourteen out GINEERS.—It is announced that the first i of 
of the seventeen provinces w! be | the students of the Institution of Civil will take 
ed with railway lation. three towns at the St. James’s Hall on Th , June 22, when 
which no railway accommodation has yet been proposed . G. B. Stephenson, the President of the Institution, will 
ae Tee eet gen ; ibe a ge Eertonlees say be cbininel of SE 
which, from its ex position, require a .G. , of 10, i -street, A: i, who is 
most construction; and Leiria. cucu ae ’ 
































June 9, 1876.] 


ENGINEERING. 


493 





TWEDDELL’S HYDRAULIC RIVETTER. 

WE illustrate below a handy adaptation of Tweddell’s 
portable hydraulic rivetter, the eagutat consisting of a 
portable rivetter placed between two guides’on a cast-iron 
standard. The treadle below enables the man to raise and 
lower the rivetting tool proper as may be required to suit 
the exigency of the work, as, for instance, on lifting the 
cupping die over the rivet heads before closing them up 
with the lower arms. 





This machine is more especially suitable for rivetting up 
boiler flue rings and angle work generally. It is also, when 
mounted on a lower standard, suited for ships’ frames and 
such like work. The machine itself can be detached in two 
or three minutes and used as an ordinary portable rivetter 
for girder work. It is a neat machine and the workman- 


ship does credit to the makers, who, we are glad to hear, are | geom 


now introducing these machines largely. The arrangement 
we illustrate is constructed by Messrs. Fielding and Platt, 
of Gloucester. 





POOLEY’S WEIGHING MACHINES. 

THE exigencies of modern commerce demanding ready 
translations of the weights of exported and imported goods 
from home to foreign standards, and vice versd, Messrs. 
Pooley and Son have for years past been in the habit of 
supplying merchants and others with their patent weighing 
machines, fitted with duplex steelyards showing the weight 
of goods by either of the two standards to which the 
machine might be adjusted at pleasure, thus saving an 
immense amount of clerical labour in the reduction of 
weights from one standard to another, as well as avoiding 
the risk of error in calculation. 

More recently, however, it has been found needful in 
some instances to fit weighing machines with triple steel- 
yards to show three sets of weights, as notably in the case 
of extensive weighing plant fitted up for Government 
railways, &c., in India, where English, native, and metric 
weights are alike used. 

This demand has led Messrs. Pooley to construct their 

“ Polygraded” steelyard, in which the graduated portion of 
the weighing arm is made hollow, revolving on a longi- 
tudinal axis, and of such a section as to possess as many 
faces as there are varieties of weights required. Thus, for 
the combination named above, a triangular bar would be 
used, and the operator would simply turn to view the face 
graduated with the weight he desired to use, the apparatus 
being retained in position by a stop. 

In the sketch which we annex, A is the graduated bar 





revolving on its axis a a, showing one edge marked to 
English weight; B the body of the steelyard; C C C the 
fulcrum and working centres; and P the movable ball 
counterpoise. 

By accurate calculation of the proportionate age a | 
the scales are so adjusted as to admit of their all being used 
with one counterpoise; thus mistakes in the balance as 


well as in the reading of the scales being rendered impos- 
sible, this simple contrivance cannot fail to commend itself 
as a most useful addition te the indispensable platform 
weighing machine. 





THE ART OF MEASURING. 
By Dr. C. W. Sremens. 
address de- 


is a report of the o 
. W. Siemens at the Tee eat Section 


Tue followin 
livered by Dr. 


of the Conferences in connexion with the Exhibition of | heard 


Scientific Apparatus at South Kensington. 


In opening the proceedings of the Conferences regarding 
echanical Science, it behoves me to draw attention to the 
lines of demarcation which separate us from other branches 
of natural science represented in this Exhibition. 
In the on a Br of Applied Science we have collected 
pn be of vast historical interest, including the 
heal chen 1 mong cylinder constructed x Papin in 1690, the 
earliest steam-engines by Sa 


ver ames Watt, the 
rate locomotive engine the pocket by — Gorge 
a achieved early triumphs, as well as Be 
rigi marine ereiey, ont a variety of ee poe ees 
of thn aocaien 4 y' ¢ engineering and of machinery 
for the production of textile fabrics. In close proximity 
to these we find a collection of models illustrative of the 
remarkable advance im naval architecture which distin- 
guishes the present day. 

It would be inane to deny the intrinsic interest 
attaching to such a collection or its intimate connexion with 
0 progress of pure science ; for how could science have 

rogressed at the rate evidenced in every branch of this 
Exitbition but for the great power given to man throug 
the mechanical inventions just referred to. Yet were me- 
chanical scienee at these conferences to be limited to the 
objects exhibited in the South Gallery (and separated un- 
fortunately from apparatus rep poner ege physical science 
by lengthy corridors filled with pc al natural history), 





we should hardly find material worthy to occupy the time 
set apart for us. But, thanks to the pro; of opinion 
in recent days, the barrier between pure and applied science 


wane no longer ang existence in 
fact. Wesee around us practitioners, to whom seats of 
honour in the great emies and associations for the 
advancement of pure science are not withheld, and men 


may be considered as 


who, having commenced with the cultivation of pure science, 
— +e ple mger a degradation to follow up its application 
use 


pe a hical separation between applied science and 
ical science just referred to, must therefore be 
ly as accidental, and the subjects to be discussed in our 
catia comprise a large proportion of the objects to be 
found within the rooms assigned more particularly rn 
physics and chemistry. Thus all measuring inatramen 
metric and kinematic apparatus, have oe 
pone 4 within our , and other objects, such as tele- 
eraph ic instruments, be! ong na to our domain. 
ith these accessions, mechanical science.represents a 
vast field for discussion at these conferences, a field so vast 
indeed that it would have been impossible to sepa- 
Hef ba merits TyA ~- the more ee bee a hy 
its belonging to i was necessary to com ex. 
of similar nature into subdivisions, and the Committee 
have asked gentlemen eminently acquainted with these 
branches to address you upon them in a comprehensive 
manner. 

Thus they have secured the co-operation of Mr. Barnaby, 
the Director of Construction of the oi to address you 
on the subject of naval architecture. Mr. Froude to 

enlarge upon the subject of fluid ao ae upon which 
he has such an undoubted right to speak authoritatively, 
Mr. Thomas ieceneea: the engineer of the northern 
lighthouses, will describe the modern arrangements of 
dioptric lights, which mark a great in the art of 
lighting up our a Mr. Bram undertaken the 
important task of my pnb ape on the subject of prime 
movers, and oe a Ke ly upon the kinematic — 
ratus forwarded by Professor Reuleaux of Berlin. 
Tresca will bring before us his interesting subject, the tae 
of solids. Mr. William Hackney will address is upon 
the application of heat to furnaces, for which is ao 
Mir ES Culley, Chief Engineer of ble Postal Tl T legrep 

r. ey, ngineer of the Pos e 
will refer you to a most complete and interes raphy 


ii 


covered that a force following the same law of 
ee ed ae 
pete pe fhe mpP wen ne me 
sality of gravi at when he a‘ _. 

the seauhoda of the force on the moon wi mth 0m 
of the pants Voge army x do Senet Sele ae Soe ae 


* - Sey ta he di a which 
e law he was discove' ‘aud ot for years after 
ie as made. It uP sesncatel 


ii 


That, beg reve oat eoting of the Royal Society, he 
resent at a m e 
per, rend, geodesic measurement by 


describing 
Picard, which led to a serious mye the pony 
accepted estimate of the earth’s radius. This was w 

Toten required ; he went home with the result, and com- 
menced his calculations, but felt so much agitated, that he 
handed over the arithmetical work to a friend ; then (and 
not when sitting in a garden he saw an ap 

did he ascertain that gravitation keeps the moon in her 

of specific ee ra 


orbit. 
ity, which 
peo tending to action 


" a 
ted the new 1 
of minute and accurate mea- 


by a ~~ vars was the resul: 
mo youle! of electric = Ma ote a 
54; 8 discovery of thermo-dynamic law, t h ¢ 
regions of electro-chemistry, electro- m, ‘aan elasti- 
city of gases was based on a delicacy of rere Bs which 
seemed impossible to some of the most distinguished che- 
mists of the day. ar . ins 
Andrews’ discovery of the continuity between the 
and liquid states was worked out by many years ot labor 
ous minute “area of phenomena scarcely sensi! 
to the naked ey 
Here, thee. woken a very full recognition of the im- 


h | portance of accurate measurement, by one who has a 


fect right to speak authoritatively on such a fam > It 
may indeed be maintained that no accurate knowledge of 
any thing or any law in nature is possible, unless we Fe 
sess a faculty of referring our results to some unit 
measure, and that it might truly be said—to know ‘is to 
measure 

To resort to a homely illustration of this proposition, let 
us su) a traveller in the unknown wilds of the interior 
of Africa, observing before him a number of elevations of 
the ground, not differing materially from one in 
apparent itude. Without meas apparatus the 
traveller could form no conclusion regarding the geogra- 
phical importance of those visible objects, which might be 
mere hillocks at 2 moderate distance, or the domes of an 
elevated mountain range. In stepping his base line, how- 
ever, ont mounting his distance-measurer he soon ascer- 
tains his distances, and observations with the sextant and 
compass give the angles of elevation and position of the 
objects. He now knows that a mighty mountain chain 
stands before him, which must determine the direction of 
and important climatic results. In short, 


the watercourses 
through naan he has achieved a an important 
addition to our geographical know! As 

modern astronomy, this may almost be as the art 


of measuring very distant objects, and this art has 
te ile cen yon yet with the Lanes raps a 


i a 


ms. "By the ag the art of measuring length and volume 

rstood, hence their relatively ex- 

edhe im architecture and the plastic arts. 

Wein a yeu for lifting iin and bocttag kong menses 
emplo: or ur masses 

end the books af Mth the le lasting root 

wers of grapp! wi ws 

tic ag Hive i 


tion of plane measurement. But with all the 
mental and mechanical er displayed in those works, it 
would seem s that no attempt should have been made 


nature, heat and electricity, by which modern civilisation 
has been distinguished, were it not for their want of means 


of measuring these forces. 
Hero, of Llemndiin, tells us that the power of steam 
Egyptians, and was employed by their 
priesthood to work such led miracles as that of the 
ra egy opening of the doors of the temple whenever 
burnt offering was 4 the or, a8 we 
moderns would put it, whenever the heat generated ted by com- 
bustion was sufticient to produce steam in the hollow body 
of the altar, and thus force water into buckets whose in- 
— weight, in descending, caused the gates in question 


collection of instruments, —e the rapid an weaee to o 
growth of the electric telegra . Unfortunately for them, the Academia de Cimento of 
Measurement.—Regard a qoutes of measurement, | Florence had not yet presented the world with the ther- 


this constitutes Bh oy the t and most varied subject 
in connexion with the present Loan Exhibition. In me- 
chanical science, accurate measurement is of such obvious 
ingen that no argument is needed to recommend the 
subject to be ager careful consideration. But it is not perhaps 
so gene! admitted, that accurate measurement occupies 
a very Seasabegh position with to science itself, and 
that many of the most brilliant veries may be 

back to the mechanical art of measuring. 
this view I may here quote some pregnant remar 

by Sir William Thomson in his inaugural address, de- 
livered in 1871 to the members of the British Association, 
in which he says, ‘‘ Accurate and minute measurement 
seems to the non-scientific imagination, a less lofty and 








In spy of | princi; 





mometer, nor had Toricelli shown how to measure elastic 
ressures, or there would, at any rate, have been a proba- 
bility of those clear- headed ancients applying the power of 
steam for preparing and the ma which 
they used E the erection of their stupendous monuments, 
for raising and directing the water used in their ela- 
borate works of irrigation. 
The art of measuring may be divided into the following 


meas’ tance » sextan 
meters, of which a great variety will be found within 


The subject of linear measurement will, I am ha 
gain ht before Pane by —s whose name » Aaa 
pdrok we gin he introducer into applied mechanics of 


; a cheslote plane, and of accurate measure, I mean Sir 


— Whitworth, It is soci’ I consider, that 

me me agg 8 pr anges mre me 

decimalised inch, instead the centimetre, and 

T hope that he will so reason to adap pt bis admiral system 
of gauges, also to metrical m: 

ine ane ohiatilens teak could bo. selnak: it on theo- 
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, of area, capacity. It possesses, moreover, 
the t practical advantage of having been adopted by 
aanly all the civilised nations of Europe, and by scientific 
workers throughout the world. Sir Joseph itworth’s 
gauges, based upon the decimalised inch, are calculated - 
maintain their position for many years, owing to the in- 
trinsic mechanical perfection which they t, but the 
boon conferred by their author would be still greater than 
it is, if, by adopting the metre he would remove the last 
and only serious impediment in the way of the unification 
of linear measurement throughout the world. A discus- 
sion will probably arise ing the relative merits of 
measurement a bout, of which Sir Joseph Whitworth is 
the representative, and of measurement a trait, which is 
the oller method, but is still maintained by the Standard 
Commissioners, both in this country and in France. 

The second group includes the measure of volume or 
the cubical contents of solids, liquids, and , com- 
prising stereometric methods of measurement, the standard 
measures of liquids, and the apparatus for measuring 
liquid and gaseous bodies flowing h yes, such as 
gas meters, water meters, spirit m of which, likewise, 
a great variety of ancient and modern date will meet your 
eye, and upon which Mr. Merrifield will address you. 

Another method of measuring matter is by its attraction 
towards the earth, or, thirdly, the measurement of weight, 
represented by a great variety of balances of ancient and 
modern construction. These may be divided into beam 
weighing machines, which appears to be at the same time 
the most ancient and the most accurate, into spring 
balances and torsion balances. The accuracy obtained in 
weighing is truly surprising, when we see that a mass of 
one ten-millionth part of a gramme suffices to turn the scale 
of a well-constructed chemical balance. Perfect weighing, 
however, could only be accomplished in a vacuum, and, in 
accurate weighing, allowance has to be made for the weight 
of air displaced by the object under consideration. The 

result is that the mass of light substances is really 
greater than their nominal weight implies, and this differ- 
ence between true and nominal weight must vary sensibly 
with varying atmospheric density. 

Weighing in a denser medium than atmospheric air, 
of epeall in water, —" ™ fourthly, to 2 or ———— 

8 © gravity, which was origina imedes 
when he determined the composition of King Hiero’s crown 
by weighing it in water and in air. 

Among measures of weight may be noted a balance, 
which weighs to the five-millionth part of the body weighed, 
sent by Beckers Sons, of Rotterdam; another from Brus- 
sels, weighing to within a fourteen-millionth part of the 
weight, in weighing small quantities ; a balance formerly 

Dr. Priestly ; and Professor Hennessy’s standards, 
deri from the earth’s polar axis, as common to all ter- 
restrial meridians. 

Next comes, fifthly, the Measurement of Time, which, 
= of ancient conception, has been reduced to mathe- 
matical precision only in modern times. This has taken 
place through the discovery, by Galileo, of the pendulum, 
and its application, by Huygens, to timepieces in the 17th 
century. The most interesting exhibits in this branch of 
measurement are, from an historical point of view, the 
Italian, German, and English clocks of the 17th century ; 
the re ow which was twice carried out by Captain 
Cook, first in 1776, and which, after i hrough a 
number of hands, was brought back this country in 
1843 ; and an ancient striking clock, supposed to have been 
made in 1348—it has the verge escapement, which is said 

the p 1 The 


Bo 


of the ‘ormance of duty, the horse-power, as defined by 
Gran. The unchiows Soc te maanertnent ot werk here 
exhibited, are not ne, Among 
these may be mentioned Professor Colladon’s me- 


of | trical apparatus, constructed in 1844; Ric’ ’s patent 


steam engine indicator, an improvement on Watt’s, and 

Mr. G. A. Hirn’s flexion and torsion pandynamometers. 
Eighth. The measurement of Electrical Units—of elec- 

trical capacity of potential—and resistance, forms a subject 


to | of vast research, 


of practical im such as few 
men are capable of doing justice to. Fe my be questioned, 
indeed, whether electrical measurement belongs to the pro- 
vince of mechanical science, involving, as it does, problems 
in physical science of the highest order: but it may be 
contended, on the other hand, that at least one branch of 
applied science, that of telegraphy, could not be carried 
on withont its aid. I am happy to say that this branch of 
the general subject will be ught before you by my 
esteemed friend Sir William Thomson, than whom there 
is no one more eminently qualified to deal with it. I may, 
therefore, pass on to the next ¢ branch of our general 
subject, the ninth : Thermal Measurement.—The principal 
instrument here employed is the thermometer, based in its 
construction either upon the difference ——— be- 
tween two solids or on the expansion of fluids such as 
mercury or alcohol = — t - maa or sr 
gaseous expansion (the air thermometer); or again, i 
may be based upon certain c of electrical resistance 
which solids and liquids experience when subjected to 
various intensities of heat. ith reference to these, the 
air thermometer represents most completely the mol 
action of matter which is the equivalent of the expansibility. 
I shall not speak of the different scales that have been 
adopted by Réaumur, Celsius, and Fahrenheit, which are 
based upon no natural laws or zero points in nature, and 
which are therefore equally objectionable upon theoreti 
grounds. Would it not be possible to substitute for these 
anatural thermometric scale?>—one commencing from the ab- 
solute zero, of the possible existence of which we have man 
irrefutable proofs, although we may never be able to reac 
it by actual experiment. A commencing in numera- 
tion from this hypothetical point would s the advan- 
tage of being in unison throughout with the physical effects 
due to the nominal di , and would aid us in appreciating 
correctly the relative dynamical value of any two degrees 
of heat which could be named. Such a scale would also 
fall in with the readings of an electrical resistance ther- 
ter or pyt ter, of which a specimen has been added 
to this collection by myself. 

When temperature or intensity of heat is coupled with 
mass we obtain the conception of quantity of heat, and if 
this again is referred to a standard material, usually water, 
the unit weight of each being taken, we obtain what is 
known as specific heat. The standard to which measure- 
ments of quantity of heat are usually referred is the heat 
required to raise a pound of water one degree Fahrenheit, 
or the cubic centimetre of water one di Centigrade. 

The most interesting exhibits in this branch of measure- 
ment are, from an historical point of view, the original 
spirit thermometer of the Florentine Academia del Cimento, 
and the photographs of old thermometers ; the original 
Lavoisier calorimeter for os heat disengaged in 
combustion, Wedgwood’s and Daniell’s pyrometers. 





A 


principle upon which this measuring apparatus acts may be 
shortly described thus :—The volume of liquid is passed 
through a revolving drum, divided into three compartments 
by.x divisions, and not dissimilar in ap to an 
ordinary wet gas-meter : the revolutions of this drum 
duce the record of the total volume of passing liquid. The 
liquid on its way to the m ing drum passes through a 
receiver containing a float of thin metal filled with proof 
spirit, which float is partially supported means of a 
carefully-adjusted spring, and its position de ines that 
of a lever, the angular position of which causes the alcohol 
counter to rotate more or less for every revolution of the 
measuring drum. Thus, if water only passes through the 
apparatus the lever im question stands at its lowest position, 
when the rotative ‘otion of the drum will not be commu- 
nicated to the aleohol counter, but in proportion as the lever 
ascends a greater rtion of the motion of the drum will 
be communicated hol counter, and this motion is 
rendered strictly rtionate to the alcohol contained in 
the liquid, allowance being made in the instrument for the 
c of volume due to chemical affinity between the two 
liquids. Several thousand instruments of this description 
are employed by the Russian Government in controlling the 
production of spirits in that empire, whereby a large staff 
of officials is saved, and a perfect just and technically 
enohjectiagapls method is established for levying the excise 
ues. 

Another instrument, not belonging to any of the classes 
enumerated, is one for measuring the depth of the sea 
without a sounding line, which has recently been designed 


lecular | by me, and described in a paper communicated to the ~— 


Society. Advantage is taken in the construction of t 

instrument of certain variations in the total attraction of 
the earth, which must be attributable to a depth of water 
intervening between the instrument and the solid constitu- 


cal | ents of the earth. It can be proved mathematically that 


the total gravitation of the earth diminishes proportionately 
with the depth of water, and that if an instrument could be 
devised to indicate such minute changes in the total attrac- 
tion upon a scale, the equal divisions on that scale would 
represent equal units of depth. 

————s rhe ng in this oe bya ry. 
of mercury res q a corruga iaphragm of thin 
steel plate, whic ia es torn is supported by the elastic 


force of ully tempered springs representing a force 
independent of tr ion. change in the force of 
gravitation must affect the position of this diaphragm and 


the upper level of the mercury, which causes an air-bubble 
to travel in a convolute horizontal tube of glass placed 
upon a graduated scale, the divisions of which are made to 
signify fathoms: of depth. Special arrangements were 
necessary in order to make this instrument parathermal, 
or independent of change of temperature, as also indepen- 
dent of atmospheric density, which need not be here de- 
scribed. Suffice it to say that the instrument, which has 
been placed on board the s.s. Faraday during several of 
her ae across the Atlantic, has given evidence of a re- 
markable accordance in its indications with measurements 
taken by means of Sir William Thomson’s excellent piano- 
forte wire-sounding machine; and we confidently expect 
that it will prove a useful instrument for warning mari- 
ners of the approach of danger, and for determining their 
position on seas the soundings of which are known. 





As illustrating modern improvement, may be insti 
a long brass-cased thermometer showing the variation in 
the readings when the bulb and when the whole thermometer 
is immersed ; a thermometer with flat bulb to improve 
sensitiveness ; a thermo-electric alarum, for giving notice 
when a given temperature is reached; an instrument for 
a the temperature of fusion by means of electric 
ot, ; vented by ess d meh on Andrews’ ap- 
paratus for measuri e quantity of heat disengaged in 
combustion ; Dr. Guthrie's diacalorimeter for measuring 





to have been in use before thod 
employed in modern clocks and watches for compensating 
for variation of the thermometer and barometer, are illus- 
trated by numerous exhibits, notably the astronomical 
clock, with Sir George Airy’s compensation, which will 
form the subject of a special demonstration by Messrs. 
Dent and Co. 

The measurement of small increments of time has been 
rendered possible only in our own days by the introduction 
of the conical seudaien, and other apparatus of uniform 
rotation, which alone convey to our minds the true concep- 
tion of the céntinuity of time. Among the exhibits belcng- 
ing to this class must be mentioned Sir Charles Whea 
stone’s rotating mirror, moved by a constant falling weight, 
A which he made his early determination of the velocity of 

icity through metallic conductors ; the rotative cylin- 
drical mirror, marked by successive electrical discharges, 
which was employed by Dr. Werner Siemens in 1846, 
measure the velocity of projectiles, and has been lately 
by him for the measurement of the velocity of the 

ic current itself, and the o i vernor, 
introduced by him in conjunction with self, for regu- 
lating chronographs, as also the velocit;: of steam engines 
their ng loads; Foucault’s governor, and a 

i ing similar — of action. 

Another entity which presents itself for measurement is, 
sixthly, that of Velocity, or distance traversed in a unit of 
time, which may either be uniform or once influenced by a 
cause of motion, resulting i 


he | resistance of selenium, under varying 


the conductivity of liquids for heat, and a thermometric 
tube by Professor Wartmann for determining the calorific 
capacities of different liquids by the process of cooling. 
inally, Joule has taught us how to measure the unit of 
heat dynamically, and the interesting apparatus peg 


by him from time to time in the various stages of the ! < 


determination of this most important constant in applied 
mechanics, are to be found, rightly placed, not among 
thermometers and other instruments placed in the physical 
sections, but among the instruments required in the deter- 
mination of three great natural standards—of length, time, 
and mass, and their combinations. 

Another branch of the general ye is the Measure- 
ment of Light, which may be divi: into two principal 
sections, that including the measurement of the wave- 
length of light, of different colours, and the angle of polar- 


to | isation, which belongs purely and entirely to Boke ty 
y 


science; and the measurement of the intensity of 
photometry, which, while involving also physical problems 
of the highest order, has an important bearing also upon 
— science. The principal methods that have been 
hitherto employed in photome' are by the comparison of 
shadows—that of Rumford and ; by employing a 
screen of paper with a 
pared being so adjusted that the spot does not differ in 
a from rest of the paper—Bunsen’s method ; 
Siter’e, bey detertaining ta <eutbadlign thh einetad ot 
carbon contai in a given volume of a gas; and the one 
lately introduced by fessor Adams and Dr. Werner 
Siemens, by measuring the variation in the electrical 
ating, I eh So COR Four sitention t fe 
Before concl , I wish to attention to two 
i not fall within the range 
The first is an 





an 
t, the lights to be com- | part 


ther variety of this instrument is the horizontal 
attraction meter, by which it will be possible to obtain 
continuous records of the diurnal changes in the attraction 
of the sun and moon as influencing the tides. This instru- 
ment belongs, however, rather to the domain of physics 
than to that of mechanical science. 

These general remarks upon the subject of measurement 
may suffice to call your attention to its importance, several 
branches of which—those of Linear, Cubical, and Electrical 
Measurement—will now be dealt with. 

The discussions which will follow these addresses will be 
carried on under circumstances such as have never before 
co-operated, namely, the presence of leading men of science 
of all civilised nations, who will take part in them, and the 
ensy reference which can be had to the most comprehensive 
collection of models of scientific ay EA mer of modern 


and ancient—-which has ever been brought together. 








Tue AvusTRaLta (s.).—This fine steamer built by Messrs. 
J. Elder and Co. for the conveyance of mails between 
Sydney and San Francisco has arrived out at Sydney from 
Plymouth. She made the run out in 49days. The best 
run made in any single day was 354 knots. On other 
days the Australia | 322 knots, 317 knots, 313 
knots, 310 knots, 306 knots, 304 knots, 303 knots, and 300 
knots respectively. 

Tue Formation or NATURAL Crystats.—At the 
first gers | of the Section of Physical Geography, Geology, 
Mining, an ery ty Dey last Tuesday week in the 
Conference Room of the Collection at South Kensing- 
ton, Professor Daubree delivered in French a lecture on the 
which experiment should play in geology, remarking 
that observation had been too exclusively employed. He 
gave an account of experiments of his own, in which, in 
order to reproduce ical results by the causes which 
may have led to them, he enclosed water in glass tubes, the 

tubes in water again, this water in strong iron tubes, 
and subjected the whole to great heat. The result of the 
pressure ‘and heat was in many cases to produce fracture of 
the outer tubes and failure of the experiments. In other 
cases, however, the silica was forced from the glass and 
there were formed of it quartz — not distinguishable 
from those met with in nature. second class of experi- 
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THE DUTCH AND PATENTS. 

Tux following paper ‘On the Policy of Protection for 
faventions,” by Mr W. Lloyd Wise, was-lately read, con- 
i and voted upon by the Dutch Manufacturers’ 
ereeniging van en voor Nederlandsche In- 


“ Until the promulgation of the law of 15th July, 1869, 
there existed in the Netherlands a law dated 25th January, 
1817, which provided for the granting of exclusive rights to 
the inventors and introducérs of inventions. 

“The law of 15thJuly, 1869, which enacted the abrogation 
of grants of exclusive rights for inventions and improve- 
ments of objects of art and industry recited that the king 

en into consideration that grants of such exclusive 
rights promoted neither industry nor the public interest. 

‘**In September last I read at the International Law Con- 
ference, held in your city, a paper on ‘ Assimilation of the 
Laws of various Nations in Relation to Protection of Inven- 
tions.’ In that paperI said that I had taken as granted 
the desirability of Patent Laws as means of inducing progress 
in the industrial arts ; but that since those whom I addressed 
were assembled in a country whose legislators had thought 
otherwise, it might not be out of plate to hope that interest- 
ing and valuable information on that f mental point 
would result from the discussion, which under ordinary 
circumstances would have followed the reading of the 
paver. 

‘Unfortunately, however, there were so many subjects 
before the Conference, and thé time available for its de- 
liberations was so limited, that reference to a Committee 
(which is to report to the next Conference) was substituted 
for discussion. 

‘* Under thése circumstances, and having rd to the 
fact that those people in England who agitate for abolition 
of the Patent Laws are constantly pointing to the example 
of Holland as one that ought to be followed by land ; 
and taking into consideration, lastly, that whilst in Holland 
I heard various reasons assigned for the abolition of the 
Patent Law, and divers opinions expressed as to whether the 
abrogation of the law had been a desirablé step, I determined 
if possible to fathom the matter, and to in from those 
who are best able to judge whether entire abolition of all 
protection for inventions in the Netherlands was really de- 
sirable, or whether it had merely come about as the result 
of an inapertoot law which it might have been better to have 
amended rather than entirely abolished. Such is the object 
which has impelled me to trespass upon your attention by 
submitting the present paper. 

‘* It may not be altogether out of place here to give a brief 
summary of the stipulations of the Dutch Law of 1817, 
although most of those present will doubtless be familiar 
with the georislens in question. In that law: 

‘‘ Article 1 enacted that patents might be granted to 
inventors within the kingdom or to those first importing 
into the country any invention from abroad. 

** Article 2. That patents should be granted without 
prejudice to the rights of others, and should be invalid if 
the invention was proved to have been used, worked, or 
executed within the realm by others previously to the grant- 
ing of the patent. 

** Article 3 prescribed that the term should be 5, 10, or 
15 years, and the taxes proportionate to the duration of the 
patent, and the importance of the invention, but should not 
exceed 750 florins, or be less than 150 florins. 

** Article 4 stated that patents granted for five or ten 
years might be extended if sufficient cause were shown. 

“‘ Article 5, That patents of importation should expire 
with previous foreign patents, and this article expressly 
Seatted that the patented articles should be made in 

olland 


_“* According to Article 6, patents of invention were to 
give to their proprietors or assignees the right (a) of 
manufacturi and selling exclusively throughout the 
kingdom, during the term of the patent, the objects men- 
tioned therein, or of having them manufactured sold 
their ensigns i (b) of prosecuting before the tribunals those 
who might infringe the exclusive right granted to them, 
and of instituting law precetee ae them for obtain- 
ing the confiscation in their be of the objects manu- 
factured and ae ae sold, and of the sale price of the 
objects already sold, as well as of bringing an action for 
damages as the case might be. 

- — 7 treated of the mode of making application for 
a patent. 

“‘ Article 8 enacted that a patent should be annulled 
(a) if the inventor kept back part of his secret or described 


it falsely. 

“‘(b.) Whenever it should be shown that the object 
patented had already been described previously to that time 
in a printed publication. 

“*(c.) If the patentee did not work his invention within 


two ip 
“*(d). If the patentee subsequently took out a patent for 
the same invention abroad. 
fe (e). Ifthe invention should be of a dangerous character. 
Art. 9 provided that a separate account should be 
kept of the taxes to be paid by patentees, and that the 
amount should be employed in premiums and rewards for 
the encouragement of arts and national industry. 
is Art 10 rescinded previous laws vag ag weg 
A decree (approved by the king h, 1817) 
the tion of the law enacted that 
demands or patents should be referred to the issi 
eral of Public ion, Arts and Sciences, who was 
to give his opinion on the case, and should he not be favour- 
abl to the patent being ee t refuse it. 
The Dutch law of 1817 constituted 
Belgium (slightly modified by new ‘ ions’ 
it out, prom in iam in 1840) until 
law of which was the result of com 
ainst the law of 1817, to the following effec : 
It was found-that the patents only be lodged at 


Union 


new 
ts 


was subjected in i 


decision of one-man, or a few men, however 





3 i Government, and it was. re- 
uired that increased facilities should be afforded for the 
Leponit of patents. The examination to which the demand 
itself was a grievance, as the arbitrary 


incapable, 
decided on the fate°of an application for Letters Patent, 
and might be productive of most —— consequences, as is 
the case in other states where this objectio: ctice is 


‘ There now, in the absence of a Patent Law that poor man 
would have s' to his original iou, and in all 
proton r wi have been well off ; “t being 
ed away by the enticements of a Patent Law, he has been 
rui 


* My answer is that such remark applies with equal force 
to thexen who feavec's slisalion to. commence business as 








admitted. 

‘*The tax was found to be too high, as, unless a patent 
were demanded for the full term at once, the reasons to be 
supplied why the patent should be extended were rarely 
found sufficient, and consequently the prolongation was 
very rarely granted. 

“The article which invalidated a Dutch patent, if the 
erga took out a foreign patent subsequently to the 

te of his Dutch patent, was deemed monstrous. In prac- 
tice this was overcome by taking out the Dutch patent in 
another name as a patent of importation, but the legal pre- 
scription was no less unfair. 

“Sec. b. Art. 8 gave rise, as I have been informed, to 
numerous law suits, as prior publication of any process or 
art bearing at all on the subject of the patent was construed 
into prior publication within the meaning of the Acts, and 
tedious litigation was frequently the result. Such cases 
being tried before the ordinary tribunals were both costly 
and of long duration. 

‘* Such were the complaints made against the working of 
the law of 1817; but the worst point I ever heard raised 
against the Dutch Patent Law was unquestionably the in- 
terpretation given to Section a, Article6. Unless 1 am mis- 
taken, the Court of Appeal at the Hague, I believe in 1846, 
decided that the privilege conferred upon an inventor by his 
Dutch ‘patent was to manufacture and sell the patented 
article. It was not an infringement to manufacture the 
article and use it, nor was it an infringement to sell the 
article without manufacturing it. The protection only ex- 
tended to manufacturing and selling. I must candidly 
confess, that judging from the English translation of the 
law I am utterly at a loss to understand how such a con- 
struction could ever have been put wu Section a of 
Article 6, regard being had to Section 6 of the same article. 

‘* However, such I am assured was the construction put 
upon the law. Thedecree referred to, which practically de- 

rived patents of their value, was, I believe, never reversed 
/ the figher court, and was considered as the true mean- 
ing of the law. 

‘It is to the objeétionable provisions above pointed out 
that I attribute the project of law submitted to the second 
Chamber of the States General on the 2ist of June, 1869, 
having for its object the repeal of the Act of 1817 and the 
complete abolition of all patents. The law, slightly modi- 
fied in its wording, but enacting the abolition of patents, 
went up to the first Chamber, and after receiving the royal 
assent on the 15th of July, 1869, was published on the 19th 
of the same month. 

‘* Holland being a country more given to agricultural and 
commercial pursuits than to manufacture, the absence of 
all protection for invention may not now be felt, and the 
free use of inventions emanating from abroad may paves 
be considered as unobjectionable, but I cannot resist a very 
strong conviction that when the industry of ‘the kingdom 
increases, you will find that a fair and liberal Patent Law is 
not only a stimulant to the exertion of inventors, but an 
honourable way of rewarding them. 

‘* The abolition of patent protection is regarded by many 
as the first towards very uncomfortable inquiries into 
the right of holding landed property, and there are eminent 
lawyers who contend that the title to landed Prope » to 
mines, &c., is by no means tenable, if the p luce of a 
man’s intellect is to be confiscated legally by the nation, 

‘* But setting aside the question of justice to individuals 
hy fees Bacar the matter on the broader ground of 

c ° 
Pe The result of the operation of the Patent Laws in Great 
Britain, notwiths all the objections urged against 
those laws, is that we get a special class of men: them 
inventors, or designers, or by whatever name you choose— 
men who, stimulated by the prospect of a progressive, 
rede P yore reward, enter oe ae a upon 
the special work of improving existing machine: pro- 
cesses; such men for example as Watt, Roberts, Nasm h, 
Whitworth, Siemens, Bessemer, and other men whose 
names are known all the world over, and whose achieve- 
ments in the promotion of industrial progress can scarcely 
be overestimated. 

An invention is not a mere idea, although it often results 
from a —. idea. A man pe | —_ that a certain 
thing applied to a certain object wi a certain pur- 

3 Well and good, But this ‘idea’ in itself and 
by itself amounts to nothing; to be of service it must be 
carried into ce. The person conceiving the idea may 
be a man well acquainted with the subject to which his 
idea pertains, and yet when he essays to carry his idea into 
practice he may, and very often does, find that his original 
views of the mode of ing out the idea were seriously 
defective. To make the thing of practical value to those 
for whose use it is intended, it must be worked out, and the 
mode of carrying it into effect must be reduced to a precise 
and definite system. is, in most cases, involves much 
thought and numerous experiments and trials, even in the 
cases of ee simple things. Such ry teas mary 
especially if the improvement, though simple, be important, 
are very harassing, costly, and often so disheartening that 


the prospect of great reward (such reward, indeed, 
reg y pa tytn & eff: overthrow in the case 
of ing but a process that could be worked) 


z 
5 
& 
os 
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a principal and fails ; to the man who loses money by in- 
yooting whether in Government securities, such, for 
as the h, Honduras, Costa Rica, Peruvian, or 
Government securities which ultimately depreciate 2 value, 
orin the shares of some com that proves a failure, or 
in a thousand other ways in which money is invested 
lost. Ina word I contend that some of the arguments used 
by those who object to the granting of protection for in- 
ventions would, if carried to their logical conclusion, result 
in the almost entire sus of business. I leave it to 
the ‘htened practical men to whom this paper is ad- 
dressed pase t+ from 


show me why I am wrong if they 
my view. 

“*T do not pretend to say that manufacturers themselves 
require, or even wish for, a Patent Law. WhatI do say is, 
that the development of the industrial arts whose object is 
to use to the best advantage the ‘products of nature, im- 
peratively demands the especial care and attention of men 
who are somet more than mere manufacturers. A man 
who produces a —— form of machine in large numbers is 
a manufacturer. But such a man as that, one who is con- 
tent to go on year after year Manag | mere fac-similes of 
an existing class of machine, would leave the industrial 
arts 50 years hence (if he lived) = where they are to-day. 
Experience shows that great thi remain to be done 
in developing the resources of nature. To achieve these 
~ must enlist the help of those who will devote their 

owledge, skill, and energies to working out in detail new 
modes of treating and using known su and cheaper 
and better modes of manufacturing thi which, though 
they are now being haga are not produced as well or 
as economically as they might be. 

‘To induce competent persons to turn their attention 
seriously in this direction, it is, I submit, essential to pro- 
vide some means of insuring to the deviser of every 


lm- 
provement in the industrial arts a reward proportionate to 
the use that may be made of his improvement. inventor 
of a chemical process by working it in secret may without 
the protection of a Patent Law secure to hi a reward 
far exceedi ing he could ever have obtained by a 


anyt 
tent. But then the secret dies with the inventor, or is care- 
preserved by his successors, so that the public may 
perhaps never derive any great benefit from it. 
‘** Animprovement in a manufacture is not calculated to be 
of much benefit to the public if itis thrown open in the 
first instance. It requires that some one should demonstrate 


the value of the improvement before the public will adopt it. 
**For example, improvements emana’ from En 
America, and other countries are not ado in Holland until 


their value has been established by their adoption and use 
in the country where they originated, or were first brought 
out. I apprehend that no who has a valuable invention 
ever brings it first to the Netherlands. He takes it first to 
the country which has the best and most liberal Patent Law, 
then to the other countries which offer him protection for 
the result of his intellectual labours, but such countries as 
do not afford such protection are left to look out for them- 
selves, and are consequently ever behind the other countries 
as respects their progress in the industrial arts, secret arts 
being, of course, always excepted. ' 

‘* Now I ask you to kindly consider what would be the 
atite of things if other countries were to abolish their 
Patent Laws. The existence of such laws in Great Britain, 
the United States, and other countries, and the wey 
publication of full descriptions of the inventions pa‘ > 
may enable Holland, Switzerland, and other countries to 
copy and use inventions emanating from those other 
countries so soon as they have proved to be valuable. But 
without asking you to consider whether such a position is 
a proud one for a country whose people are so skilful and 
energetic as are the Dutch, I feel assured you will in 
the conviction I entertain that no country can ever hold a 
leading position as a manufacturing country, with a well 
deserv oe for Sap form of the b - most 
approved , unless ording protection for inven- 
ene 6 caenees a fair of ample reward to men of 
the class I have indi as being essential to the develop- 
ment of industrial arts. 

“In conclusion, gentlemen, it only remains for me to 
thank you for the opportunity you have kindly afforded me 
of bringing this important question before you—to apologise 
for the very imperfect manner in which I have done so—and 
lastly, to a. you wt I look forward —_ eee a 
terest to the expression of your opinion whi pe wi 
follow the reading of this paper.’’ 





Ligutnine Conpuctors.—At one of the scientific 
conferences at South Kensington last week Dr. RB. J. Mann 
gave an account of lightning conductors, layi i 
stress upon the neseaciay 6 pentane 
for the hightning . ve the arithmetical 
portions which must be p Ban between the height 
conductor, its circumference, and the outflow; and 
tioned that coke saturated with water was the best ma- 
terial in which to imbed the base of the conductor for the 
purpose of establishing sufficient earth contact. It is not 
necessary, he said, is answer to a question, to insulate the 
conductor if the proper are observed. He de- 
scril Sir Wi Snow Harris’s model which is ex- 


ho 
man, by connecting fitted to the with 
the ing of ships, established sufficient 
Winds wise. ater itself, he remarked is not 
an effective receptacle f but every in 





or ’ 
water greatly increases its use for the purpose, 
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ON FURNACE HEARTHS.* 


from 2 ft. to 3 ft. high. It is a more or less firep 
x, cooler than the inside of the hearth, and is apparently 
for the purpose of letting the cinder out. Its front is 
closed by the “‘dam,”’ over which the cinder runs and 
through which the iron cast takes place. As no iron is 
made in this part of the furnace—it being below the a 
of blast—and as it forms in most cases a source of daily 
work and sometimes the cause of most serious troubles, it 
is interesting to see why this thing was made atall. In 
olden times the furnaces had no fore-hearth; a vertical 
slot, a few inches wide, was cut into the front hearth- 
stones, reaching to the bottom, and iron and cinder were 
tapped Sore the clay which closed it. Then furnaces 
were called Blauifen—also Blasedfen—Blow Furnaces ; 
and up to the present day some of those metallurgical relics 
have wit the pressure of our fast times. They are 
in the remote mountains of Steyermark ; charcoal furnaces, 
which make every day hardly a few tons of excellent iron. 
But a time came, when men were no more satisfied with 
those little pmee | pots, into which a gentle stream of air 
was blown through one nozzle, which received its scanty 
supply from a leather bag, squeezed by some tired water- 
wheel. Larger dimensions, more tuyeres, higher pressure 
finer steam engines and hot blast produced more iron an 
more cinder. Soon the tapping slot in front got too hot ; 
it was washed by the cut uids, and the natural move 
was to get further off from the hearth. The slot became a 
rolonged outside bar, in which the cinder could rise— 
fo ing a communication pipe with the hearth. But this 
part fills up not only with fluid, iron, and cinder, but coal 
and half-melted ore float into it, and, as the blast is inter- 
cepted, no combustion and no fusion can here take place. 
So this ore and coal become rubbish, and often of a dan- 
Se Saab an tiers anh edie s mati peliion, 
je, enough air blows upon i a pu . 
and there results a tenacious mixture of all kinds of steel 
and wrought iron, which paste the whole pile together. 
To prevent this the fore-hearth has to be cleaned out, and 
that is what the smelters call working the furnace. A 
superstitious i come about, that some incompre- 
hensible, but very bad, matter y by anc in all es 
material, which crept slyly into fore-hearth, where i 
was caught and kicked out. this ifying process, 
of course the blast had to be stopped ; the more indus- 
trious and faithful the smelter the more thoroughly he did his 
et ee ee eb ae rs a 
e years ago, everywhere, so is it s a 
many . The loss of time by stopping the Piast 
amounts from two to four hours out of twenty-four. 
The of having broken this practice is due to Fritz 
Lurmann, —, en “y most able blast-furnace engi i 
Germany ; years ago 
with him, to bring his simple innovation—the closed front 
—before the iron men of America. Lurmann’s idea can be 
expressed with a few words: The fore-hearth is only made 


Fug!.7 
| 


into t : 

pl ar: oy MES wor oy ing in the lowest 
of the hearth, from 2 ft. to3 h wide 4 to 68 long, 

made 








UII 


to get rid of the cinder ; it is a troublesome, additional 


construction, which has nothing to do with the smelting 
process proper at all; let us cut off this fore-hearth com- 
pletely and the cinder through an opening just wide 
enongh to suit the » but which cannot out. 
It must be done by a water-cooled casting. This has to be 
a foot or so below the of the tuyeres, and may be 
put in any part of the circumference of the hearth wherever 
it seems most convenient. The iron tap in front is a sepa- 
rate matter ; it may be water cooled, ay the usual dam. 
Two +t advantages are gained—cinder and iron are 
tapped directly from the hearth, and all the loss of time 


be pro ; » Im consequence, the smelting becomes 

pe even and the smelting column sinks verticall 

As the heat is properly distributed the quality of the iron 
the one is uniform. 











sim; slipping out the cinder-tuyere. ‘ : 
TRY foe tans shown that Larmann was right and in 

Germany the open front has become obsolete. England 

Lurmann’s system has been only within a few years fully 


—— , —_- f\ 
LT 





y N 
adopted and indorsed by many of the leading men—by W. 
instance—and 


Whitwell for I am not able to understand 
the objection of Mr. I. Lowthian Bell, that the cooling 
effect of the cinder outlet might be injurious to the furnace. 
Where there are half a dozen and more water - cooled 
tagenes this little casting ought not to take all the blame. 
n this country the opinions are much divided. A great 
many of these furnaces have run with ect success for 
ears in all of the country, and I am happy to say 
hat the different furnaces you will see in Cleveland on 
your excursions are of this improved stamp. 

As te the opposition, which seems to be strange, it is 
susceptible of explanation: First, I myself have made mis- 
takes, by taking the matter too easy, and by making too 
many compromises with the old constructions I had to deal 
with ; furnaces were altered, while in blast, and, by doing 
this, part of the old fore-hearth was left, which up 
and paral: the whole thing. In Mr. Pechin’s case, 
spoken of last night, I was imprudent enough to raise the 
tuyeres about a foot, while cutting off the throat of the 
furnace which was in blast. 

Another reason why all furnaces do not bear the stamp 
of Mr. Lurmann’s name as yet, is to be found in the fact, 
that most people would rather go step L step, than jum 
at things at once. A great many, seeing that a fore-h 
was not a necessity, have shortened it so much, that little 
is left, gaining by doing this some of the advantages the 
entirely cl pee oF ae Others close virtually and add 
some cleverly cooled casting somewhere near the cinder 

tap, which in some cases is done so nicely, that only 





sound plan has sent its roots much deeper than a su- 
perficial spectator might infer. 
The increase of furnaces’ product between the old 
m, as it was — years ago, and the closed front 
in full, has been found by careful 


in comparison of a 

number of furnaces in to be between 15 and 

20 cent. ; the oomng about 10 per cent. 
objection, the burning of the iron cinder 


blocks, has been done a with, using hollow 
cast bronze blocks. Thane ereaiocth ible ; 


hot air is blown out with it, though the blast is 
always on with pressure. . 
Messrs. Taws and Hartman at Philadelphia have made, 
at my request, | ape cinder : blocks. 
cast tuyeres, either out of a bronze or of phosphor- 
bronze made by the Pittsburg Piacsine domes bom 
This latter composition is the same as is used in England 
for tuyeres. Toughness and rapid transmission of tem- 
— are the two requisites wanted for a good tuyere. 
he common bronze used in Germany is composed of 94 
copper, 3 Lopate vate tin 1 other Laoag tad rich in copper 
as it can ‘or casting p . use copper is, 
next to silver, the best conductor of heat among the metals. 
If we place the conducting power of silver for heat at 1000, 
copper becomes 736 and iron 119. Bronze tuyeres are 
actually cheaper than iron ones; they are more reliable, 
last longer, and can quickly be exchanged, because they 
keep bright, even when stuck well into the furnace. 





FOREIGN AND COLONIAL NOTES. 
American Dock Building.—A ble cofferdam of 
at Harlem river and 
Hundred and Sixth-street, New York. The new coffer- 
is in section, 


i 
: 
u 
4 


the cinder outlet remaining always of the original 
width of 1}in., the cinder runs off quietly no | languid 


pany. | last 


» | revenue collected by the Parisian 









more. In the Coachant de Mons a reduction of 10 r cent 
in wages has been to the miners, on 
accepted by them without difficul 


The Vieille-Montagne.—The profits realised last year by 
the Vieille-Montagne Zine Mines and Foundries Company 
60,3421, After sundry statutery deductions 
were provided for, 45,0001. was devoted to the payment of 
a dividend for the year at the rate of 8s. per tenth share, 
and 15811, was carried forward to the credit of 1876. 


American Rails.—In 1874, Pennsylvania made 259,288 
tons of rails. The co: mdimg production for the year 
in Illinois amounted to 125,103 tons. 


New Zealand Coal.—Mr. Fox, in lecturing recently on 
New Zealand before the Royal Colonial Institute, stated 
that some of the coal seams of that colony are from 25 ft. 
to 50 ft. in thickness. Mr. Fox added that iron is also 
known to exist in New Zealand in very large quantities. 

Steel Rails in Germany.—The Berlin and Anhalt Rail- 
way Company has invited tenders for the su of 25,000 
tons of Bessemer steel rails for use upon its system. 


The Mississippi.—A Bill is pending in the American 
Congress to provide for the construction of levées by the 
United States Government with a view to the prevention 
of overflows of the Mississippi. The Bill appropriates the 
following amounts for expenditure in the States named : 
Louisiana, 1,800,000 dols. ; Arkansas, 1,250,000 dols. ; 
Mississippi, 447,000 dols.; Missouri, 500,000 dols.; Ten- 
nessee, 100,000 dols.; and Illinois, 75,000 dols.—Total, 
4,172,000 dols. 


American Portland Cement.—The first Portland cement 
works in the United States are about to be brought into 
operation at Kalamazoo, Michigan. Hitherto, the Ameri- 
cans have been content to import annually upwards of 
aa gd barrels of this cement from Germany and Great 

ritain, 


The Suez Canal.—The transit revenue collected by the 
Suez Canal Company in the first ten days of this month 
con of iutty chips ing tt omcl Sea cameerten ie 
sage of forty s ug . The com e- 
clared a Gatien’ wen its share capital at the rate of 53 per 
cent. per annum. 


Venezuelan Railways.—We learn that M. Antomarchi, 
assisted by a French syndicate, hag concluded a contract 
for the construction of the Caracas Railway. It is to be 
presumed that the French syndicate will procure the ne- 
or Pls it is not likely to be forthcoming in 


‘ fist Rails s Se Lake Stone a Michigan Southern.— 

close o! year, e Shore and Michigan 
Southern Railroad Company was working 1175} miles of 
=, , &- rgte ng engatm chem 

in the course o! year the com TO 
steel-rail 150 miles more. In 1875, ip coomeng chal. 
railed 105 miles of line ; in 1874, 78 mileg; and in 1873, 
141 miles. 

American Railroad Building.—The extent of new rail- 
road built in the United States last year was 1483 miles. 
The corresponding extent of new line ted in the 
Republic in 1874 was 2025 miles ; in 1873, miles ; and 
in 1872, 7340 miles. It was in 1872 and 1873 that the 
Americans lost their heads in the matter of ‘‘ premature” 
railroad construction. 


The Belgian Iron Trade—This trade remains in a dull, 
condition without any immediate prospect of im- 
rovement. In the Grand Duchy of Luxembourg, pig is 
in price ; it was gh my at 21. 4s. per ton at 

the furnace, but sales were effected with difficulty upon 


, and are now to | these 


Iron in France.—The production of pig iron in France 
year amounted to 1,415,728 tons, as compared with 
a in 1874. Lamy production of wrought iron > 
France was ,442 tons, as com wi 
768,436 tons in 1874 a as: 

Doubling the Erie Canal.—Efforts made to have the 
Erie Canal widened and deepened have led to a proposal to 
have a second channel cut, so as to secure a double water- 
way. 

Steel in the United States. — The Adirondack Steel 
Works, New Jersey, are in operation si turn and part 
of the week one-third overtime. With present force 
employed, the weekly production of steel at these works is 
about 38 tons ; business is reported to be a little better than 
it was a year since. The Newark Steel Works, New Jersey, 
made in h 200 tons of steel mostly for files, tools, and 

The works have three trains of rolls and five 
steam hammers ; trade is i to be a little more 
active than it was twelve months since. 

Gas in Paris.—In the first four memain ot Oe Tae t 


F 


arnt voy — Ay By -wg amounted to 695,812l., as com: 


aes anne ee Se ee 
. } an increase this year of 49,7171., or 7.70 per cent. 
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THE PHILADELPHIA EXHIBITION. 


WE reproduce the following from the New York 
Herald. Apart from the occasional flashes of 
prejudice against Philadelphia which New York 
cannot at any price restrain, the article is full of 
sound good sense, and shows that the writer has 
carefully studied and understands the present con- 
dition of Centennial affairs :— 


PHILADELPHIA, May 20, 1876. 

The ten days which have passed since the formal 
opening of the Exposition are not to be ed as a test 
of its merit or success. We have been unfortunate in the 
weather, in the delays of exhibits, in the difficulty of 
putting the machine into running order. It is impossible 
to speak of an exposition as in any sense representative 
with Russia, Turkey and Portugal absent; with France, 
Mexico, Italy, and some portions of the United States 
still unfinished; with several buildings still in the hands 
of mason and carpenter. There is a sense of bewilder- 
ment and incompleteness in the Exhibition, and some- 
how you have the feeling that you have fallen upon a 
vast Vanity Fair. The surroundings are not favourable to 
repose. Instead of throwing the main buildings back from 
the highway, with easy sloping approaches, as was the case 
in Vienna, the main building and the Machinery Hall are 
almost on a line with the street. One wonders how the: 
could escape if any.of the hundred wooden shells 
‘* houses” and ‘‘ hotels’’ which swarm about the Exhibition 
were to take fire. A row in a beershop and the breaking 
of a kerosene lamp might destroy the main palace. There 
is as much of an exterior as an interior show at the Cen- 
tennial. It is hard to see just where one begins and the 
other ends. The only division is a not very wide street 
and a broad fence. Then, when inside the gates, comes 
the oppressive sense of what to see and where to go. Your 
first instinct is to pay five cents and ride about in the 
steam narrow gauge passenger railway, and I don’t know 
anything better. You are carried the main building, 
with its streamers and points, which are so typical of our 
national sentiment of unrest; past the Memorial Hall, 
which may be a fine building in ten years, when the walls 
are frescoed, but is now raw and cold; past the shells 
known as the Judges’ Pavilion, and certain business ex- 
hibits, which are gay enough in their paint, but would have 
a hard time in a thunder storm; past the Government 
Building, with its outer displays of cannons, tents, and 
imitation monitor turrets ; eo the village of State 
buildings, where the politicians statesmen are to come 
and loaf the long summer afternoons; past the green, 
Gothic-arched Agricultural Hall, with its stores of starch 
and corn; past the Horticultural Hall in the distance, 
looking as beautiful as a bird of Oriental plumage, as its 
Arabian architecture of gold and blue sparkles in the sun ; 
past the Brewery Hall, which is not ready ; t the 
Japanese and English buildings, which are models of na- 
tional skill, and twenty other buildings which have no 
value; past the printing press exhibit and a half-dozen 
exhibits still in the carpenters’ hands; past the Machinery 
Hall, and so sweep around the lake, yep or three 
— jeawe oe fountains, and you have the first glimpse of the 

en’ . 


THE UNITED STATES COMPARED WITH THE STATES. 

Your first glimpse is that of a city still building. The 
~*~ eee d ent is the United States Government 
Hall. is the most satisfactory exhibit. If you are 
fortunate you will fall into the hands of Lieutenant 
Metcalfe, a young ordnance officer, who looks as if he 
might one day be a lieutenant-general, he is so well- 
informed and polite. When Lieutenant Metcalfe has told 
you all about the =— and the military affairs you will 
seek out Professor Blake to tell you the rest. One mourns, 
as he sees how complete and instructive this Government 
Building is, that our States did not follow out the same 
ior = Here is a scientific panorama, as it were, of the 

public, beginning with the flint arrows and stone utensils 
of Arizona and running down to the mighty ordnance which 
bids our defiance to every foe. There is scarcely a question 
that can be asked in reference to the United States, as a 
nation, that cannot be answered here. Its fruits and flowers, 
its animals, its fish, its topography, its agricultural re- 
sources, its mines, its systems of education, —_ service, 
military strength—all are presented, palpable to the eye 
and touch. How much better, as the Herald says, it wo 
have been to have presented New York, California, and 
Pennsylvania in this form, than to have thrown their 
exhibits into one general heap and erected buildings which 
Serve no ornamental or useful end. Two of the States, 
Kansas and Colorado—which are under the most intelli 
government of any er to take the Herald’s 


advice and do this. T ve a building together, and 
and attractio 


poem. And no State is so deficient as New York. 
While the American ar of the Exhibition fails in this 
res , and, instead of bei ae epeane of cur Btates, js 


little more than a teeming Vanity Fair, we cannot fail to 
— also the incongruity of holding such a fair in Phila- 
elphia. I feel that this brings me upon und 80 


dangerous that journeying in a steamship with one of 
2 homassen’s dynamite machines is safety compared with 
it. There was a sentiment about Philadelphia—‘“‘ birth- 
place of liberty,” ‘‘ cradle of independence,” “grave of 
Aaa we and so on—which made any Centennial Exhibi- 
‘on here historically appropriate. So far as New Yorkers 
are concerned, those who thought anything about the 


. | months it will have vanished like the 





Centennial thought that as Philadelphia was still sore over 
the fact that the mutations <i i, the growth of the 


West and the necessity of its finding a seaboard, had given There i 


New York the metropolitan ascendancy, hia 
should have the Exposition. There was a th i 
spirit here, a municipal loyalty iar to PI ghia, 
which made the Centennial an enthusiasm. In New York 
it would have been 
Sankey’s prayers and Offenbach’s music, and there is a 
strong probability that if the aldermen could have had 
a hand in it there would have been some stealing. But 
Philadelphia made the Centennial a passion. It grew into 
her life. In your hurried, teeming, busy town—in your 
metropolitan, cosmopolitan Manhattan, where you care 
for no one but yourselves, and where life is too short and 
too busy for emotions—you cannot yy it. Phila- 
delphia gained her Centennial largely through the zeal of 
her own le and the influence of gentlemen who went 
abroad, like Colonel Forney, and lit Centennial beacons in 
every European capital. spite of coldness at Washing- 
ton ; in spite of the constant streams of cold water whic 
Mr. Fish kept pouring on it from the State Department ; in 
spite of the firm denial by Congress to do anyt for it ; 
in spite of obstacles aris out of selfishness, jealousies, 
rivalries, and the hard times, the Centennial kept on. 
Now that it is here even Philadelphians say it is incon- 

ous—this grafting a world’s fair upon an inland manu- 
ae city. For a fewdays there was an effort to grasp 
it with metropolitan energy. We were to have the transit 
problem solved. Cars were to run at all hours. There 
were to be steam cars, special trains, ‘‘ crystals,’’ omni- 
buses ; and although the distance from Independence Hall to 
the Government Pavilion is between three and four miles 
the arrangements were to be perfect. Well, for a day or 
two this was so. There was a crowd, and it was serene. 
But there came some stormy weather, and the companies 
began to retrench. Cars were taken off ; through lines did 
not run. While the running time from Independence Hall 
to the grounds should not be longer than from the Battery 
to Fortieth-street—say forty minutes—it is now, in most 
cases, an hour. This, at least, is the experience of the 
writer, who timed himself on several occasions, and found 
that with waits and slow ing and changing cars he 
could not make the trip in less an hour. ‘this isan 
important matter to those who wish to live in the city. But 
the effect has been to throw all who desire to see the show 
out into the suburbs, into one of the hotels or villas which 
have been built for the Centennial. You can imagine what 
‘*a hotel”’ built for six months will be. Long Branch barns 
are palaces in compari The Trans-Continental and the 
Globe, the two largest, are said to be well kept; but as for 
the rest, what can I say? Even if these hotels were as 
comfortable as your best in New York, no one cares to be 
thrown into the town of Centennialville, if I may’coin a 
name, for his eveni morning life. The show closes 
at six and opens at nine, and those who live in Centennial- 
ville have nothing to do but sit around the bar-rooms, or 
run the risk of the ague by strolling about the piazzas, or 
go to the city, which is a long ride, and no assurance when 
you will find a car to " 
mises of the earlier days been kept this would not 
a As it is, the Exhibition is really in a city by itself, 
in te’ 


mnialville, and there is as much trouble in going | if 


to and from Philadelphia as in going from New York to 
Newark or White Plains. 
The Sunday question is one of the troubles that comes from 


— along with Moody and | place. 


wees zon home. Now, if the pro- | j 


it does little towards providing for that 
come here without the introductions 


way into the rich men’s houses, and who, perhaps, do not care 
for hospitality. I read figures about the ci! st oh accom. 
modations for 50,000 or 60,000, or I don’t w how many 


thousands extra people. But I do not see it. There are six 
or seven good hotels, where you can have first class enter- 
tainment. I donot now refer to being piled up six or seven 
pate ty nen: fc depo pages Bb Ags Bt , but com- 
fort, good air, a good table. If these hotels take care 
of 5000 een © Ow cae Se oe for I should be sur- 
ar Then, as to private lodgings. The one city in the 
nion where, as a general thing, you cannot find private 
apartments or lodgings is Philadelphia. This, in a certain 


There is no tenement life as in New York; no apartment 
life as in Paris. Every Philadelphian, even if he digs in a 
ditch, lives on his own doorstep. It is to the glory of 
Philadelphia that you may see miles of small houses, p+ Bod 
the labouring man lives with as much neces comfort as 
the richest millionaire. The one thing that the Phila- 
delphian cannot understand is “‘lodgings.”” He can under- 
stand giving you a bed and a plate and sending you off 
peed.” But when it comes to letting out 
rooms for money and asking money for coffee and bread, 
the Philadelphia mind does not comprehend it. It is not 
ss han not be respectable, Philadelphia, 
er the lead of Mr. Childs and Mr. Borie, would march 
out to the Centennial grounds, set fire to the buildings and 
sing ‘‘ Old Hundred” over their ruins. 


LIMITATIONS OF PHILADELPHIA AS A CENTENNIAL 
CITY. 
So when you come to Philadelphia, unless with a friendly 
chalk mark upon your hat, oe 2 up your mind tha‘ 
come to the Centennial and that 


vantages. You will seea city, especially if 
‘ou go into the new suburbs. You will see the largest park 
Hall and the 


in the world. You will see 
izinal Declaration i : 


ings if you come in time, You will see the Sunday 
in a city where Sunday is still observed with 
Teeny Sat yes wid weareal ane Sue them. You will see 


the newspapers in the Ssanegy pe sg —— 
and calm, which discuss questions of science and history 


does not know anything about it. You will haps, see 
Henry C. Carey, a great man, a li ounmen te rode 


an international exhibition in other than a metropolitan city. | tion, a pyramid of an obsolete political and 
Philadelphia asks all the world to come here, foreigners | will then remember that you are in the capital: of protec. 
i The common sense of civilised has } tion, the one city which shares with the honour of 


po acne. HN the Sabbath to rest and virtuous ———— I 
know that there is a Puritan sentiment—a sentiment that 
forbade bull-baiting on Sunday, not because of the pain it 
gave to the bulls, but of the pleasure it gave to the s 

tators—which still resents this. But that sentiment 

dily recedes before the advance of a rational Christianity. 
With the exception, perhaps, of a few Scottish friends, 
who come here with their Sabbath notions, there are no 
foreigners who do not regard the Sabbath as the day of 
innocent and virtuous enjoyment. Philadelphia closes 
every door to the foreigners except the doors of churches. 
She closes the Exhibition, and suspends every form of life 
but devotion and tippling. Can you think of anything 
more forlorn than a Frenchman or a Spaniard doomed to 
spend Sunday in Philadelphia? He can do nothing but go 
to some Presbyterian church and sleep, or go up some 
side alley into a back building grog-shop and drink. Now, 
no one asks Philadelphia to adopt the customs of Paris or 
Madrid, to please her foreign friends. She might answer, 
ceed enough: ‘‘Do you wish me to have a Sunday 


orse race a bull fight for oay Sores Spats Denes 
futie at Seville?" "No. one proposes this, But why not 
ai le?’’ No one pro} is. Bu 
fe These fom noma 


open the Exposition ? came here tos 
this vast exhibit, It has only a brief life at best. nay 


spring leaves 
which now enfold it with their os. six months 
there will be no sign of what so much money, 
doe, forthe, a era 
timent, is privilege, this ri in doi 
so you deny it to tens of thousands Rage yn 
whom Sunday is the only day they can give to the Exhibi- 
tion: There is a strong feeling in favour of the Centennial 
opening on Sunday, but I do not think Philadelphia will 
it it. The discussion of the question has ill- 
mi premature, and calculated to prevent the very result 
that was desired. There may be a ee 
the grounds and closing the bui , but that will amoun' 
to little. As it now stands, the only privilege left open to 
the Sunday visitor to the Exhibition grounds is to look 
through the bars at the policemen and a few favoured per. 
sons who are permitted to wander about at will, and then 
© aves te cases of tho qroq-choys ond gx denn. : 
Philadelphia means to do’ her best by the Cen 


i. 





being its metropolis. You will find the bootblacks esger 
to discuss with you the commercial, moral, political, and 
social decadence of New York, and more i the 
momentous results that are to follow the establishment of 
the steamship line to Liverpool, once it is established. And 
when you have seen the Centennial, and have returned 
home, and have recovered from the annoyances and limita- 
tions of the trip, you will find that the me of Phila- 
delphia is a it one; that there is so about 
not ote oe San nowhene cine; Sah Baaiaen i ity, 
¢ , ideas, notions, crotchets undoubtedly, but under 
all a force of its own ; that it is the most Am of our 
cities in this—that it is itself, and -not an echo of London, 
like , or an echo of all Europe, like New York. 
And you will yourself in the hurry and rush of your after 
life find yourself recalling the words of the poet :— 


In that delightful land which is washed by the Delaware's 
wai 


Guarding in sylvan shades the name of Penn, the apostle 
— > _ banks of the beautiful stream the city he 
‘oun 


There all the air is balm, and the peach is the emblem of 


beouty. 

Ani Sao still re-echo the names of the trees of the 
‘orest, 

As if they fain would appease the dryads whose haunts 
thay molested. g rey geri 





Licgut REGISTERING APPARATUS.— the 
read last week at the conferences at South ington in 
connexion with the Loan Exhibition of Scientific tus 
was one by vane non | + F.B.8., ro automa’ ht- 
registering appara‘ object is keep a of 
the amount of light that falls at any P nian vl spot during 
small fixed intervals. Clockwork drives the md ¢ msc 
photographic paper is the sensitive agent used, by me- 
chanical arrangements certain small portions of the paper 
areexposed to light action for fixed intervals, Wile eon 
be regulated at ure. The tinted photographic paper 
is com by the eye with a conventi scaly. Of: tune. 
No doubt a more perfect arrangement will in time be made, 
but even so far this has done good work. 
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THE PHILADELPHIA EXHIBITION. 
Tue GOVERNMENT BUILDING. 

Tue contents of the building devoted to the ex- 
hibits of the United States Government possess far 
more general and special interest than any to be 
found in any other similar area throughout the 
Exhibition, and we may say, perhaps, that no such 
interesting exhibits have ever before been collected 
into so small a space. Whether we turn to the 
Smithsonian Collection—a magnificent metallur- 
gical display, besides the show of building materials 
—to the contributions from the Patent Office—a 
vast and representative show of models of inven- 
tions selected from the great magazines at Wash- 
ington; whether we turn to the exhibits of the 
Lighthouse Board, to that of the Meteorological 
Department, to the Post Office, in full activity con- 
ducting the Exhibition business, which is no sine- 
cure, or whether we examine the exhibits of the 
Army and Navy Bureaux, the interest never flags, 
the value of the respective exhibits is always strik- 
ing. Besides these there are objects of minor in- 
terest—the collection of food fishes, comprising 
specimens, photographs,’drawings, and casts of all 
the varieties of fish recognised as fit for food, and 
different appliances for taking them. There are, 
too, a large number of relics of the stone age in 
America, represented by flint instruments and the 
like ; there is a series of photographs taken by 
Captain Powell in his recent Colorado expedition ; 
there are the Washington and other historical relics 
which always command a crowd, anda number of 
minor objects to which we need notrefer. But the 
two most interesting sections are those of the Army 
and Navy Bureaux. And these, besides being so at- 
tractive, are models of arrangement and organisa- 
tion, and reflect the highest credit on the officers by 
whom the active work has been conducted—Lieu- 
tenant Metcalfe in the one department, and Lieu- 
tenant Thomas in the other. .In the army section 
are exhibited a number of military curiosities, com- 

rising uniforms and old weapons. Among these 
atter may be noticed part of a bronze breech- 
loader sent from New Orleans, and to which the 
date of 1570 is ascribed, its origin being traced to 
some of the early Spanish invaders of America. It 
is of the form shown in the sketch, where it will be 





seen that the breech of the gun is cut away on the 
upper side, The breech block is missing. It was 
probably cylindrical,and was locked by akey passing 
through a square slot in the under side of the breech. 
Besides this relic there are several old Spanish guns, 
part of those known as the Twelve Apostles, and 
which were brought to Louisiana by the Spaniards 
during the early period of their occupation of that 
country. Coming to later times, there are some 
beautiful specimens of bronze guns presented by 
Lafayette to the country during the revolutionary 
period. 

Of the show of modern guns we shall speak again 
in detail, and so need only say here that the display 
is one most highly creditable to the department, con- 
— he financial straits in which it is always 
situated. The heavy guns are all outside the build- 
ing, several of them mounted upon their respective 
carriages or slung for transport. 

Some very beautiful models are also shown, one 
of them representing the plant necessary for the 
production of the Hitchcock gun, which is built up 
of discs welded together. The manufacture of the 
Woodbridge gun is also illustrated by beautifully 
made models. One of these shows the method 
of laying the wire around the steel core, this wire 
being brought to the gun from twelve drums, and 
less pe around it with varying angles so that it 
might offer equal resistance to strain in every direc- 
tion, The second model 3 mts the mode of 
heating the gun and soldering the wire together. 
Samples of the steel and the cast iron employed 
are also shown, as well as the blooms from which 
the dises of the Hitchcock gun are made. 

The exhibition of small arms is very extensive, 
and comprises the leading varieties manufactured at 
Springfield, together with their ammunition, illus- 
trated by cartridges shown in section, while the 
selection of cartridge and gun machines from Spring- 
field, attract always a large number of people. 

In the Naval Department the collection of tor- 
pedoes is of considerable interest, and there isa large 





display of fuses, shot, shell, &c., for the naval service. 
All the arms used on board ship aré also represented, 
from Gatling guns to handspikes, Outside the 
building are a small number of ships’ guns, but none 
of them of great size or of novel construction. The 
carriages upon which they are mounted are of the 
old patterns. 

A very beautiful exhibit in this section is the 
model of the war ship Antietam. It is 48 ft. in 
length and 23 ft. in extreme height, and is altogether 
a marvel of completeness and good workmanship. 
It is used for instructing the naval cadets in various 
points of seamanship, and as every brace and block 
throughout the model is in its proper place, and made 
to the proper scale, the practical value of the model is 
very considerable. Close behind it is a smaller model 
of the same vessel on the stocks, showing the framing 
and mode of construction. And near there is a 
curious old Spanish model of a ie aaa ship—the 
Dante of 1620—which forms a striking contrast to 
the fine lines and rig of the Antietam. In another 
part of this section are seen a series of cases full of 
representative ships’ stores. Charts and instruments 
of all kinds, clothing and uniforms, provisions, ships’ 
stationery, bedding, hospital fittings, surgical ap- 
pliances, instruments, &c., all are there with a com- 
pleteness and order of arrangement that enables 
one to gain a thorough insight into the system upon 
which the Naval Bureau at Washington works. 

Almost of equal interest is the exhibit of the 
Lighthouse Board and that of the Meteorological 
Department, but of these we will not speak in detail 
now, as they will form the subjects of special articles 
hereafter. 

Finally we may give a passing word to the Post 
Office section, in which, as we said before, under 
the inspection of the visitors, the whole of the 
postal business connected with the Exhibition is 
performed, 





AGRICULTURAL IMPLEMENTS AT 
PHILADELPHIA.—No. I. 


Tue show of agricultural implements at the Phila- 
delphia Exhibition is, as we have already stated, a 
comparatively poor one. True, even at the time of 
our writing, everything is not in order, but nearly all 
the exhibits are in the building, and more or less 
visible, The most extensive and attractive contents of 
the Agricultural Hall consist of the exhibit of agricul- 
tural products, and novelties more or less cognate 
thereto, and the exhibition of implements and ma- 
chinery cannot compare in extent or completeness 
with either our Royal Agricultural or the Bath and 
West of England Shows, while those who remember 
the large and crowded halls at Vienna will be 
grievously disappointed with the present collection. 
There is, however, of course material to study with 
advantage, especially among the mowing, reaping, 
and thrashing machines, ‘The former are in their 
best types so familiar to the English public, that 
but little need be said of them; these latter have 
many distinctive characteristics, and require some 
careful study. As a rule the agricultural implement 
exhibits are remarkable for lightness in their design, 
and the beauty of the finish of many of the objects 
shown is very striking, but that of the commercial 
machines does not as a rule com favourably with 
our own, and this remark applies especially to the 
Canadian implements, 

There is a fine collection of ploughs, the general 
run of which are heavier than the similar English im- 
plements. One very singular implement in this 
class is exhibited by W. F. Brazil, of Barrio, Ontario. 
It is some 20 ft. long, built up heavily with timber 
sides and top, and placed upon sledges, two at the 
rear underneath the trunk, and two on a fore car- 
riage at the front of the machine. About midway 
of its length a seat is placed on the frame for the 
driver, and the shares, which are very large and 
heavy, are attached to the sides of the frame also 
about the middle of the latter. These shares slide 
in guides, and can be raised or lowered at will b 
means of vertical screws, furnished with hand- 
wheels, and can be controlled by the driver from his 
seat. Behind the shares a long throwing-off board 
is hinged to each side of the frame, and the angle at 
which these are set may be regulated by a series of 
holes made in the inner side of the boards. Into 
these holes pins in the ends of another pair of 
boards fit. The latter are hinged to the frame on each 
side at the extreme rear, and both they and the board 
behind the share may be closed flat against the 
frame behind. Such an implement as this is of 
course only adapted for very special conditions, 


The Pittsburgh Plough and Crucible Steel Castin 
Works, of Pittsburgh, make a large show of we 
finished ploughs with steel and cast steel shares, 
and wood and iron frames, and the Moline Plough 
Company, Moline, Ill, have also a large collection 
of these implements and of cultivators, which are 
extremely well finished. Messrs, Buford and Co., 
of Rock Island, also show single and double furrow 
ploughs, the latter with considerable refinement of 

etail; the height of the shares is regulated by vertical 
screws and handwheels, and the lever adjustment 
for throwing them in and out of work-is good, 
Messrs. A. Speer and Son, of Pittsburgh, exhibit 
amongst others some reversible ploughs in .which 
the upper framing moves ai Je a central pivot 
over the double-ended sh there being two wings, 
fitting with a dovetail into the share, and either one 
of which may be thrown in or out as desired. Be- 
sides these makers there are, of course, many others, 
to mention whom would be'to give little.more than 
an extract from the catalogue, as their exhibits con- 
tain little or nothing that is not already familiar. 

There is a fair sprinkling of cultivators, some of 
which present some interestin ae Thus in 
thé corn cultivator of Messra; P, . Mast and Co., 
of Springfield, Ohio, the tines are. placed upon two 
frames pivoted upon the fore part of the implement. 
In using it these frames, which are provided with 
handles and a lever, may be made to diverge or con- 
verge, to suit the requirements of the crop. Near the 
ground upon eachtine frame is placed a disc, and in 
using the implement the corn to be preserved is 
placed between these dises, while the tines cut out 
the ground on each side.” The instrument may also 
be used for marking out corn ground, or furrowing, 
and for covering up theseed, as well as for cultivating 
rerpeqne afterwards, H. N. Prouts, of Westfield, 

ass., exhibits four-tined horse hoes; the tines, 
which are very long and narrow, are attached in 
pairs horizontally to the bottom of a vertical standard 
connected to the frame by bolts which pass through 
radial slots in an iron sole plate fastened to the top 
of the frame.» These bolts through the frame 
of the a and by slackening the nuts the 
tine standard can be set at any desired angle. 

Mr. McDonald, of Osgood, Ontario, contributes 
a somewhat roughly made revolving cultivator, in 
which the tines are set around a shaft at the rear 
and lower part of the machine, and driven through 
gearing off a large wheel upon the main axle 
of the implement. ‘This wheel can be thrown ia 
and out of gear by means of clutches on the inner 
sides of the driving wheels. Messrs. F. and S. 
Vessott, of Joliette, Quebec, have one combined 
sower, harrow, and roller, in which the harrow is 
placed in the front part of the machine, the drill in 
the middle, and the roller at the rear. Whatever 
may be its usefulness in Canada, it would scarcely 
find much application here. 

Of potato diggers there are a few examples, but 
nothing calling for special notice. Mr. Bauthinhimer, 
of Clifton, Ontario, shows a strongly made instru- 
ment of simple construction, and we should imagine 
of doubtful efficiency, It has two small tines or 
diggers in front for loosening the soil and raising the 
roots, and at the rear is a shaft furnished with several 
sets of long curved teeth placed so close together 
as to allow the earth but not potatoes to fall 
through. A revolving motion is given to this 
shaft by means of two crossed chains, passing over 
wheels on the forward axle of the machine. The 
duty of the toothed shaft is to raise the potatoes 
loosened by the digger in front, and to deposit 
them on the surface of the ground. Mr, D. B. 
Westfall, of Lyons, New York, has a very primitive 
implement, consisting merely of a curved shovel the 
whole width of the implement, and set at an angle ; 
beyond the rear of the shovel project a number of 
iron bars or fingers, through which the potatoes are 
intended to fall when they have been forced up to a 
sufficient height by the shovel as it advances through 
the ground, Mr. J. Norton, of Hightstown, New 
Jersey, has a different arrangement. He employs 
two triangular shares, each provided at the back 
with sloping and diverging fingers. These shares 
are placed in the same plane, and a slight vibra- 
ting movement is imparted to them through gear- 
ing on the main wheel, which drives a crank and 
connecting rod attached to the share frame, 

Passing to seed drills we find a few very good 
examples, and many others that do not require 
special mention. Messrs. P. P. Mast and Co, show 
several notable for fair workmanship, and possessing 
much originality of detail, The general arrange- 





ment and mode of driving are much the same as 
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that used in England, and the gearing is neatly 
boxed up, so as to save it from exposure to the 
-weather, &c. The point to which attention may 
especially be called is the detail for controlling the 
seed discharge. Take as an example the drill having 
@ grass seed sower combination. e accompanying 
sketches, Figs. ] and 2, explain the arrangement. 
In Fig. 1, which shows the feed set for a small 
delivery, a is the hopper at the bottom of the 
seed-box; 4 is the feed wheel serrated on one edge 
to assist in feeding down the seed—this wheel has 
cast on it a sleeve by which it is secured to the 
shaft; cis an opening in the lower part of the 
hopper, through which the seed passes, the width 
being regulated by the relative position of the 
wheel 4. By moving a cam, the shaft carrying 
the feed wheels can be shifted laterally, and moved 
from the finest feed, asin Fig. 1, to that of maximum 





drilling, Fig. 2. Fig. 3shows the arrangement for 
recording the amount of discharge; by turning the 
shaft so that the index points to any given quantity 
the opening is varied to correspond to the figures 
on the scale which gives the amount on/one side for 
wheat, and on the other for oats, &c, The grass 
seed feeder which is placed in the combined machine, 
under the main feed, is regulated in the same manner. 
Also attached to the implement is a planometer, for 
measuring the area sown, ‘This is so arran as 
to be in gear only when the drill is at work. The 
combined fertiliser and drill of the same maker is 
well finished, but no special feature. 
‘The distributor employed in the broadcast is shown 
in Fig 4. The ner gest slides over the upper so 
that it can be adjusted to any desired height, and 
below the bottom is a plate upon which the seed in 
passing falls, and is distributed on either side, 
(To be continued.) 





WATER WORKS, ANCIENT AND 
MODERN.* 
By E. H. p’Aviapor, 
(Continued from page 458.) 

FRroNtTINUS, who was a ies of superintendent 
of works in the city of Rome in the first century of 
our era, gives us many details about the water works 
then in their prime. He describes nine principal 

ueducts deriving their supplies from four groups 
of springs, viz., the following: 1. One group near 
the banks of the Anio close to the city, from which 
Appia and Virgo drew their water. 2. The second 
on the hill-side, east of the first, whence Hadriana, 
now Felice, rises. 3. The group between Tusculum 
and the Alban lake, whence came Tepula and Julia. 
These three groups of springs were all in the volcanic 

lain which borders Rome on the left bank of the 
Tiber. But the fourth group, the highest and most 
important, were in the limestone mountains above 
Tibur. Hence came Marcia, Claudia, and the two 
Anios. The level of the springs of Marcia was 
316 metres, or about 1000 ft. above the sea ; that of 
the outfall in the reservoir at Rome was 54 metres, 
or about 178 ft. The last aqueduct was Alsietina, 
which was not — by springs like the rest, 
but from the Lake Braciano on the right bank of 
the Tiber. Besides these nine aqueducts, of which 
a very full description has come down to us 
through Frontinus, many others were constructed 
at a later period, of which Hadriana, Alexandrina, 
Neroniana, and Trajana are the most celebrated. 
But I propose limiting my remarks to the nine older 
works, because we possess more accurate descriptions 
of them, and because time and space prevent our 
wandering too far in our Roman researches. 

A description of a line of curves, ients, and 
inclines is one of the most tiresome things possible 
to have to listen to, and if written or printed is in- 
variably skipped, I therefore omit it altogether, 
and annex the map (see page 403, ante) in its 
stead, and as an explanation of it Table I. (see 
page 502), in which some of the a al data 
concerning ancient aqueducts are collected. I will 
merely draw attention to some of the most re- 
markable points. The total length of the nine 

ueducts, up to the walls of the town, was 443 

ilometres, or about 277 English miles. Of this 
enormous development about 49 kilometres, or 31 
miles, were carried on arches. As may be per- 
ceived by the map, most of the aqueducts crossed 
the volcanic plains near Roma Vecchia, after having 
kept to the hill-sides as long as possible. Here the 
numerous ruins of the ancient Roman water works 
are still visible; here the visitor admires those rows 
of massive piers and splendid arches, many of them 
still in the same condition as when they were com- 
pleted nearly 2000 years ago, notwithstanding Huns, 
Goths, Vandals, and Time itself. There is no 
settling, there are no cracks, no flaws, nothing 
except what is obviously the result of carelessness 
or intentional injury. e ashlar arches of Marcia 
are still patterns for the mason, while the hydraulic 
mortar is still so hard, that the best Portland 
cement of the day will scarcely show a greater 
resistance to crushing. Above Tibur there is 
another point, the celebrated Valle degli Arci, 
where the four aqueducts which bring down the 
water from the limestone mountains, all cross the 
valley on a series of beautiful arches. 

I must now call your attention to some peculiari- 
ties of the lines and directions of the aqueducts, 
which have long puzzled antiquarians and engineers 
alike, Appia is the oldest aqueduct, Anio Vetus 
was the next constructed, and the rest were erected 
succcessively at the different periods indicated in 
Table I, ow, as in modern towns, so also in 
Ancient Rome, it turned out that the old aqueducts 
did not supply the water at a sufficiently high level. 
The newer works were therefore invariably if pos- 
sible constructed with their outfall higher than the 
old ones. This explains the curious fact, that two 
or three aqueducts were built one on the top of the 
other, This mode of construction was the more 
plausible, as the line from the hill-sides to the very 
walls of Rome was indicated by nature itself by a 
low ridge. We find, therefore, that Tepula was 
built over Marcia, and 92 years later, Julia over 
Tepula (see Fig, 10, page 501).t 





* A course of papers delivered at the Austrian Institution 
of i and Architects, December, 1875, and January, 
1876. These papers now appear in print for the first time. 

t+ Of the views on page 501, Figs. 1 to 8 refer to the 
Moédling Aqueduct of the Vienna Water Works, while Fig. 9 
shows a part of the Marcia Aqueduct ; Fig. 10 the Julia 
and Tepula Aqueducts built over the Marcia; Figs, 11 and 








Another singularity of the aqueducts is the great 
difference in their respective aie for an an 
difference of level, and the same real distances. Thus 
Marcia commences close to Claudia, and yet Claudia, 
which was erected 100 years later, is 22 kilometres, 
or 30 percent. shorter. People have long puzzled 
over a reasonable explanation of this difference, as 
well as of the frequent and abrupt changes of 
gradient. The real key gives a sufficiently probable 
reason for these apparent anomalies, as, indeed, 
much inthe Roman art of building would still re- 
main inexplicable were it not for the engineering and 
antiquarian researches of such men as Choisy, Leger, 
Belgrand, and Blumensthil. People fancied that 
the sharp curves, sudden twists, and broken gra- 
dients fof the aqueducts were put in on purpose 
either to break or to increase the fiow of the water 
at certain places. ‘This appearsto be an error. The 
real reason is probably no other than the defective 
nature of the Roman surveying instruments. Their 
level or “‘chorobath,” Fig. 15, consisted of a species of 





mw a 


trestle from 10 ft. to 20 ft. long and 4 ft. to 5 ft. high. 
The top beam, about 6 in. by 6 ft., contained a small 
prismatic groove in the middle, 5 ft.long. The legs 
were secured by struts at an angle of 45 deg., and 
above the centre of each strut a brass nail was driven 
into the top beam. To this a plumb bob was attached, 
and the point of the strut cut by the line when the 
chorobath was horizontal carefully marked. The 
groove was filled with water when great accuracy 
was required, otherwise the position of the two 
plumbs was considered sufficient to indicate the 
horizontality of the instrument, a sight being taken 
along the top of the beam without any other 
apparatus, o set out a fixed gradient the one foot 
was raised at home till the instrument itself took the 
required angle; the new line now taken by the 
plumb-bobs was marked, and in the field the whole 
unwieldly thing was tilted or wedged up at each 
sight till the plumb lines took the required position. 
You can imagine that, with this instrument only, 
setting out an accurate gradient was a matter of 
impossibility, and that errors could easily arise 
which altered the desired gradient from 1 in 100 to 
lin 1000. It is almost a wonder that the Romans 
managed to give their aqueductsaconstantinclination 
one way, and did notinvoluntarily construct siphons. 

As to the cross section of the aqueducts, the 
principal object of the Romans appears to have been 
to construct them sufficiently high inside to be easily 
accessible for repairs. They had no scientific data 
enabling them to fix the real cross section required 
for a certan quantity, head of water and fall ; you 
perceive, therefore, by Table I., that with the ex- 
ception of Tepula, the principle of the aqueducts 
being accessible is pretty constantly adhered to, 
and certainly neither Virgo nor Anio Novus have a 
cross section corresponding with the views of 
modern science. With the exception mentioned, all 
the aqueducts have an approximately similar section 
without any regard to the quantity of water they 
had to discharge ; they were all laid out with a 
variable but continuous falling gradient and were 
carried over the valleys on arches and through the 
mountains in tunnels, either with or without a 
lining of masonry, but all coated with hydraulic 
mortar. While the older aqueducts, such as Appia, 
Anio Vetus, and Marcia were mostly constructed of 
ashlar without mortar (except for the inner lining), 
the later constructions show us examples of all the 
different descriptions of masonry I have already 


12 the aqueduct at Seguvia ; and Fig. 18 the Claudia Aque- 
duct. Of the views of Médling Aqueduct, Figs. 1 to 8, 
Figs. 1 is a side elevation ; Fig. 2 a sectional pla of a pier ; 
Fig. 3a section of abutment ; Fig. 4 a section on A B, 
Fig. 1; Fig. 5 a longitudinal section of pier and part of 
arches ; Fig 6 a section corresponding to the upper part of 
ig. 4, but to a larger scale ; Fig. 7 a section at , Fig. 1; 
Fig. 8 asection at J K, Fig. 3. 
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502 ENGINEERING. [June 16) 1876. 
TABLE No. I.—COLLECTION OF THE MOST IMPORTANT DATA OF THIRTEEN WATER WORKS OF ANCIENT TIMES. 
| Heightabove Sea level. i 
Length Tunnel | Arches : + att Daily Flow 

No. | Name. YearsofCon-| “"in | Length in| Length in ama oy Description of | in Millions REMARKS. 

ction. | Kilometres.| Metres. | Metres. -| P® " Of Spring.| At Town. of Gallons. 

ae 7 ae 26.03 | 88.0 1.50 62 8.37 | Volcanic plain... ...|. 13.5 |) General use for water- 

, ‘Anlo Vetus ee ef) 273 63.7 oe 329 2.73 183 35.17 Limestone mountains 60 ing streets, &c. 
3 |Marcia ... ove we] = 145 100.6 oe 10.158 1.67 312 37.48 _ Ditto 21 D water. 
4 \Tepula ... — 126 18.8 eee 610 1.55 P 38.23 Volcanic plain... 0.5 itto 
5 Julia — 33 19.5 aS 9.588 2.30 P 39.71 itto 10.0 Ditto 
6 | Vi — 19 25.2 800 1.037 1.54 70 10.43 Ditto 13.0 Purest water. 
7 |Alsietina — 19 34.0 si 530 1.50 56 5.00 |Iake «w. .. «| 55 General use. 
8 \Claudia -... + 89 68.7 803 14.173 1.50 255 47.42 Limestone mountains 24.0 Drinking water. 
9 |AnioNovus _... + #0 86.9 802 13.023 3.00 250 48.12 Ditto 61 General use. 

1—9 Aqueducts of Rome es 443.4 2405 49.537 raed a ing L wee 208.5 Rome and suburbs. , 
10 \Nimes_... oe + 138 49.75 P 3.220 0.34 76 59.04 Limestone 6.5 Drinking water with 
ll na (Pilatus)... + 50 52.0 C* C* 1.67 170 53.06 on 5.0 modern siphons now in 
2 om 4 -iesk 1 r 22.166 Sandstone eo 9.3 — 

19 neal fe 6.0 4940 0.41 Sandy marl 0.6 Ditto 






































N.B.—The dates marked (—) are before Christ. Those marked (+) are after Christ. 





supply. But two great examples of crossing valleys 
by means of inverted siphons prove beyondany doubt 
that the principle was well known to the Romans. 
They occur near unnum (Lyons) in France. 
The aqueduct here discharges into a chamber on 
one hill-side, from which the water is let down the 
slope by nine lead pipes. These again divide into 
eighteen pipes, laid side by side, which cross the 
valley on a bridge 28 ft. wide, and about 160 ft. 
above the River Garon, This construction saved 
half the height, and about three-fiftlis of the length 
of the aqueduct, and appeared justified for a pro- 
vincial town like Lyons at some distance from the 
city itself, We also find an inyerted syphon laid 
under the bed of the Rhone near Arles to supply part 
of the town situated on an island ; the pipes are 6 in. 
in diameter, and connected by soldered rings. 

The Romans three almost independent 
water services, for which they used water of different 
degrees of purity. The least clear and most loaded 
with sand, such as the Anio aqueducts supplied, was 
used for public baths and for watering the streets ; 
the clearer water from Tepula and Alsietina served 
for tanks, fountains, and washing troughs; while 
the very best (Virgo, Marcia, and Claudia) was 
confined to drinking p , and these springs 
were undefiled even after the heaviest rains. Their 
water was remarkably pure, and the analysis of the 
springs made recently by Colonel Blumensthil, shows 

water to have contained little more carbonate of 
lime and other impurities than that now supplied 
to Vienna by the springs of Kaiserbriinn and Stixen- 
stein. Indeed we might expect a t similarity 
since the geological formation from which the springs 
rise is vm | similar to that of the Schnesberg, viz., 
dolomitic limestone, But the incrustations still re- 
maining in the conduits show that it was somewhat 
harder, 

As the Romans used three different sorts of water, 
the question naturally arises, whether they had three 
distinct services with mains, pipes, &c. In reality, 
however, they hardly any proper service 
at all, at least none ing with our notions. The 
water of the eetin, ares flowed through small 
“piscine,” or tanks in which it deposited the 
heavier sand or gravel with which it was charged. 
It thus reached the Castella (water castles) or re- 
servoirs near the city. ‘They were of very moderate 
dimensions and did not serve at all as eupply re- 
servoirs, but were only meant to distribute the 
water to the numerous smaller cisterns or towers, 
which were scattered all over the city at different 
places. ‘These were circular cisterns of masonry, in 
which it appears the water was intended always to 
remain at a certain level. Twelve inches under 
this ee aie were ae y all the dif- 
ferent pipes, m set vertically, and the larger of 
whieh supplied the baths and public institutions, 
while of the smaller ones supplied one house, 
and one only, so that > f private person who 
wished to have the water on had to lay a pipe 


from the nearest tower all the way to his house, 
When we remember that the Romans used often to 
take up two hundred yards of road to supply one 
house, we shall not be so inclined to grumble at the 
occasional interruptions which now occur in the 
street pavements to connect a main with a private 
dwelling. 
(To be continued.) 








MACHINERY FOR MAKING BARRELS. 
(Continued from page 454.) 
CYLINDER SAW FoR STAVES. 

Fis. 8 and 9, on page 504, are a side elevation and 
plan of a machine for sawing staves by means of a 
cylinder saw. These saws, although but little known 
or used in Europe, are extensively employed in 
America, especially for tubs, pails, kegs, firkins, 
and soon. The difficulty of their manufacture, and 
the greater waste of material caused by their thick- 
ness has no doubt hindered their introduction in 
Europe, but balanced against this is the simplicity 
of their construction, and the little skill required in 
operating them. In cases where the waste from a 
saw-mill is to be cut into staves, a common thing in 
the Baltic country, such machines are very suitable, 
and hence they are included here among the plant 
being described. 

The processes required in making the saws are 

culiar and require various special machines for 
joining, tempering, and grinding. It is indeed a 
manufacture developed by long experience in a dis- 
trict where such saws are extensively used, and one 
which, commercially speaking, would not justify 
sawmakers in attempting. As a class of work it 
may be said to belong to machine fitting rather 
than to of saw manufacture. Without entering 
| upon a detailed description of the mode of making 
the saws, we may mention that the main barrel of 
the saws is not hardened, and that a band of a few 
inches in width on the front edge, containing the 
teeth, is separate from the main cylinder, joined by 
soldering, and can be replaced when worn away. 
The grinding and balancing has to be so exact that 
it is found necessary in most cases to finish the saws 
on the spindles on which they are to run, and not 
remove them afterwards. 

Referring to Figs. 8 and 9, ¢ is the saw, a a piece of 
lumber to be sawn, ande acarriage on which it is 
moved, ‘The carriage is required to withdraw the 
staves from the inside of the saw after they are cut 
off, but in some cases when the diameter of the saws 
is large enough the block is passed inside the saw, 
the stave falling off from the outside; in this case 
no carriage is required. The arrangement shown is, 
however, the most common and simple one. 

The bearings of the saw spindle are, as shown in 
the plan, fastened in the uniform slots o o, and 
saws of different diameter can be employed in the 
same wei owns Seen | the bearings to or from 
the carriage ¢. ws of this kind to 40 in. long and 











24 in. diameter are employed in America for cutting 
out the staves of tight barrels and casks, _ In 
reference to sawing staves it must be remembered 
that but one, or at most two, of the machines de- 
scribed are required, Ina set of machines recently 
completed for a Swedish firm by Messrs. A: Ran- 
some and Co., only flat staves were required, hence 
the two machines last described were not included 
in the plant, but either may at any time be added 
and match the original plant by reason of the system 
of interchange before explained. 


ROLLING OR COMPRESSING STAVES. 

The process of compressing staves so as to give 
them some permanent curvature and bend is com- 
paratively a new one in its application, although 
ve as early as 1853 in a patent granted to 

. E. Newton, No. 2021. In that case, however, 
the plan was to pass the staves between a series of 
rollers the same as are employed in plate bending, 
and consequently different frase what is proposed in 
the machine shown in Figs. 10 and 11, page 504. The 
degree of bending and curvature which can be given 
to staves of course depends upon the nature of the 
wood and the state it is in when treated. If wet or 
green, a curvature and bend exceeding that of their 
finished form can begivento thestaves in themachine, 
but if dry and hard, they will break or split without 
receiving much permanent set; in any case, however, 
there is considerable gain in pressing the staves 
into form before erecting a vessel, because the 
rigidity, even of dry hard timber, is destroyed by the 
process. Referring to Fig. 11, ¢ is a roller made 
a if only bending is required, or curved in its 
ength, if the staves are to be pressed toa hollow form 
in their cross section; the latter it is evident will 
not be required when staves are sawn to the re- 
quired curve of the vessels on either of the machines 
last described, The swing frame shown is pivoted 
ats to suit the bilge curve wanted. This curve 
being tolerably constant the length of the radius 
answers for vessels of various sizes, so long as the 
wood is of uniform quality and the degree of bend- 
ing is constant. The loose form piece m is pro- 
vided so as to give the required stiffness to the bent 

uadrant bar, and also so that by changing this 
former and the roller, the machine can operate upon 
staves for vessels of different diameters. ‘The mode 
of operating will be understood from the engravings. 
The swing frame is drawn back by means of the 
handle a; a stave x is placed against the form m and 
the swing frame moved forward until the roller ¢ 
catches the stave, which is then carried through and 
released when it s the roller. The amount of 
pressure imparted is regulated by means of a spring 
seen at o, Fig. 10, which can be set up with screws, 
and which will yield to accommodate any irregularity 
in the thickness of the staves which may result from 
imperfect sawing. ‘The mode of driving the roller 
c is easily understood from the engraving. 

This process of compressing may either precede or 
follow jointing and bevelling the edges of staves ; the 
liability to fracture is less after jointing because of 
the width being reduced at the ends, The tendency to 
fracture is at starting the stave between the roller 
and form, and in some cases it is necessary to spring 
the stave from its centre before entering it, The 
method of rolling before referred to, where no form 
is used, is much more liable to fracture staves, and 
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cannot well be practised unless the timber be wet 
or steamed before being operated upon. 
JOINTING AND BEVELLING STAVES. 

Among the several operations in cask and barrel 
making to which machines have been applied, there 
is none which has been attempted in so many 
different ways as jointing and bevelling staves. The 
reason for this we will assume is not in the 
difficulties to be overcome so much as in the fact 
that the operation is one which admits of varied 
means to accomplish it. 

If a stave is bent to the form which it will 
assume in a finished vessel its edges are in a true 
plane through the centre of the vessel, and the 
proper taper and bevel can be given by straight 
cutters and a true line movement of the stave, but 
if both sides of a stave are to be operated upon at 
once it is evident the cutting edges employed must 
stand radial from the centre of the vessel. ‘The 
diagram, Fig. 14, page 504, illustrates this, ¢ being 
the imaginary centre of a vessel for which a stave e is 
being jointed and bevelled. 

The common manner of planing the edges of 
staves has been to have the axes of the cutter 
spindles set parallel to the dotted lines, Fig. 14, 
employing cutters whose edges are allel to the 
spindles, then by moving the spindles to or from 
the centre ¢, or moving the stave, which would be 
the same, the taper from the centre each way was 
obtained, This plan of operating applies of course to 
straight staves previous to their being bent, but in 
the present case, and for the class of work for which 
the machines are intended, the staves can be bent 
to their finished form and then jointed and bevelled 
by means of conical cutters as shown. 

Fig. 12 is a side elevation and Fig. 13 a plan 
of a complete machine constructed to operate 
upon the principle last mentioned. In these views 
(see page 504) 4 isa carriage sliding on the ways 
c, e is a stave being jointed. Behind the stave 
is seen a form of wood which can be altered to suit 
the degree of curvature and bilge required. The 
staves are sprung into the form shown by means of 
the cam lever m, and held firmly while being passed 
between the two conical cuttters, as shown in Fig. 14. 
These cutters are adjustable up or down upon the 
standard » to suit for staves of different width. 
The staves when placed in the machine are laid 
upon two adjustable stops or gauges, one of which is 
shown at o, and after being passed between the 
cutters is allowed to fall from the carriage by releas- 
ing the cam lever m. The cutters are solid and re- 
quire no adjustment in setting them into the ma- 
chine; their form enables them to be easily and 
accurately ground to the required taper for vessels 
of different sizes. Grinding gauges for this purpose 
are furnished with machines when the size of vessels 
to be made is known. 

In the machine just described the mechanism is 
arranged for staves of uniform width, but in case 
they are too narrow ora completing stave of narrow 
width is wanted, such a one can be made by passing 
it through a second time. If the carriage is drawn 
back before releasing the stave, and it is then 
allowed to fall down a second time on the gauges, 
and again passed through, the bottom cutter will 
remove an amount equal to the difference between 
the middle and ends keeping the form correct. 

In cases, however, where the staves employed are 
of constantly varying width, a different machine, as 
shown in Figs. 15 and 16, is employed. This ma- 
chine is a modification of one extensively used in 
America, and performs very perfect work, but does 
not operate so rapidly as the one last described; ais a 
dise or plane of iron mounted on and driven by the 
vertical spindle m. Several cutters are set diagonally 
in its face, as shown at i, Fig. 16. A swing frame c 
is pivoted in the plane of the cutters. This plane, 
we may observe, is on a line through the imaginary 
centre of the vessel, as in the case of the conical 
cutters before described. The stave ¢ is sprung 
by pressure on its ends to the required form with 
the screw and handwheel shown, and the frame ¢ 
is then swung from right to left to bring the edges 
of the stave in contact with the cutters. The 
amount cut away, and consequently the width of 
the stave, is determined by the operator, who ob- 
serves when the stave is jointed for its whole length. 
Different swing frames are provided, having their 
radius to correspond with that of the vessels to be 
made, As mentioned in a former place, vessels 
formed of staves are extremely variable as to di- 
mensions, shape, and quality, so that in nearly all 
cases modifications more or extensive have to be 


made in the details of machines. Such modifica- 








tions, however, generally consist. in the addition of 
some extra parts, and seldom in any change which 
confines what. we will call the standard details to 
some particular work, 

(To be continued.) 








PATENTS.—No. IX. 
NOTES FOR THE GUIDANCE OF INVENTORS. 
By W. Luioyp Wiss, A.1.C.E. 
BADEN. 

Futent—5851 square miles. 

Population—1,461,562. 

Products—Manufactures—Remarks. — Among the 
principal products are alum, arsenic, coal, copper, 
iron, lead, manganese, silver, and zinc; also barley, 
maize, oats, potatoes, rye, wheat, fruit, including 
grapes (from which about 14 million gallons of wine 
are annually produced), almonds, chestnuts, 
tobacco, &c. ‘Lhe manufacturing industries are 
various, and include the manufacture of linen and 
cotton goods, silk weaving, paper making, tanning, 
manufacture of beetroot sugar, machinery of 
various kinds, including locomotives, toys, clocks, 
trinkets, &c. The principal manufacturing districts 
are Manheim, Pforzheim, Carlsriihe, Heidelberg, 
Lahr St. Blasien, and neighbourhood. 

Laws, §c., regulating the Granting. of Patents.— 
Regulations agreed ywpon between the Zollverein 
States at Stuttgardt in 1841. Rescript of the 
ministry dated 23rd of May, 1845. Law of 29th of 
July, 1864, respecting stamps, 

Grantee of Patent.—The person applying for a 
patent may be either the actual inventor or his 
assignee. No patent will be granted for an inven- 
tion by a German subject who has obtained a patent 
for the same in another German state, except to the 
inventor himself or his legal successor. It would 
not seem that the granting of a patent to a person 
who is neither the inventor nor his assignee is pro- 
hibited where the actual inventor is not a German 
subject. 

Kind of Patent—Subject Matter, §&c—Patents can 
only be granted for things that are really new and 
peculiar. Consequently a patent cannot be granted 
for an invention which is already practised, or on 
sale, or in any way known in the Zollverein previous 
to the granting of the patent, nor for an invention 
already described in native or foreign works, by 
drawings or otherwise, in such wise that it can 
be practised by any competent person. The Govern- 
ment itself judges whether the invention for which 
a patent is sought is really novel or peculiar, 

A patent may be granted for an improvement on 
an old invention if the improvement constitutes 
something novel and peculiar, but the patent must 
be confined to the addition or improvement, The 
right of using the additional improvement in con- 
nexion with the thing that has been improved must 
be specially acquired. 

Searches— Official Publications, §c.—Models, draw- 
ings, and descriptions of expired patents are de- 
posited in the Polytechnic School. It is provided 
that drawings and descriptions of expired patents 
may be published in the interests of the national 
industry. 

Application for Patent—Procedure—Costs, §-c.—On 
applying for a patent a ae np (stamp 50 pfening) 
and a full description of the invention must be de- 
posited at the Board of Trade (Handels Ministerium). 
‘The petition must contain the following particulars. 
1. Christian and surname, profession, domicile, and 
present residence of the applicant. 2. Declaration 
and distinct statement of the nature of the inven- 
tion, 3. A distinct statement of the grounds of the 
petition for an exclusive privilege, whether, (a) to 
manufacture or introduce a new article; or (4) to 
apply new instruments for manufacturing imple- 
ments or machines; or © to apply a new method 
of manufacture. The description of the invention 
must be accurate and exhaustive, and must be accom- 
panied by drawings, models, and patterns, so as to 
enable the invention to be understood. In practice 
drawings are usually filed. The peculiarities of the 
invention must be so described as to distinguish it 
from others already known or in use. ‘The descrip- 
tion may be sent in with the petition either open or 
sealed up. If the patent is not demanded by the 
inventor himself, a power of attorney must be ob- 
tained from him in duly legalised form. In practice, 
however, an agent acting for the inventor does not 
require a power of attorney. When the petition is 
for the privilege of introducing an article similar 
in kind to one already known, and for which a patent 
has already been obtained in a foreign country, such 
patent, or a legalised copy of it, must be annexed, 





Foreigners must send in a declaration in the form 
of a legal deed drawn up by a solvent Baden sub- 
- resident in the Grand Duchy by which the 
atter_ renders himself responsible for the payment 
of the costs, taxes, and fees, and also for the trans- 
mission to the — of the ministerial decision. 

The receipt of the application will be acknow- 
ledged by the Board of Trade if requested by the 
applicant. Applications not in accordance with the 
regulations, will be returned:  - 

Applications made in due form are submitted to 
competent persons for examination (usually techno- 
logists in the Polytechnic School) and the cost of 
the examination (generally about 6 florins a day for 
the time spent by the examiner) has to be reim- 
bursed to the Treasury by the applicant. 

The persons intrusted with the examination are 
bound to keep the description and drawing secret. 
The object of the examination is to determine 
whether the invention is (@) new (not yet known) and 
whether a — has already been granted for it or 
not in the Grand Duchy, (4) peculiar, (c) admissible 
on economical and sanitary grounds, and in harmony 
with the borg regulations for the public safety. 
The Board of Trade has to decide on the written 
report of the technologists whether the patent shall 
be granted or not, A patent may be refused if the 
invention does not appear likely to be generally 
useful. 

Nature of Grant—Duration—Conditions, = 
Letters patent give to the grantee, (1) the exclusive 
right of manufacture or practice of the invention 
within the Grand Duchy; (2) the right to intro- 
duce (a) a new process or method of manufacture ; 
or (4) to apply exclusively new machines or imple- 
ments for manufacture, so that he is entitled to 
prohibit the use of the method or the use of the ma- 
chine or implements by all those. who have not ac- 
quired the right to do so from him, or procured the 
said machines or implements from him. The grant 
of a patent does not establish the right (a) to pro- 
hibit or limit the importation of such articles as 
have to do with those for which a patent has been 
granted ; () the sale and disposal in trade of such 
articles, nor can the holder claim in virtue of his 
patent the right (c) to prohibit the use or con- 
sumption of articles of the above kind not procured 
by him or obtained elsewhere with his consent ; ma- 
chines and implements for manufacture and industry 
are alone excepted, these not an articles 
of — destined for consumption by the public 
at large. 

The tax on a patent is fixed by the authorities, 
and is from 25 to 500 marks. Patents in the Grand 
Duchy were formerly granted for periods up to fifteen 
years, they are now usually granted for three years 
only. The grant of a patent involves no guarantee 
beyond the practical value of = wagon 

Working—Assignments, &§c.—The tofa = 
may be coupled with the Suatden that the holder 
of the patent shall bring the invention into use in 
the Grand Duchy within a fixed time from the date 
of the grant, and shall not interrupt such use beyond 
a specified period under pain of forfeiture. This 
condition, however is not invariably inserted. 

The holder of a patent can transfer his rights to 
others, or arrange to admit others to participate in 
the enjoyment of the same. On the death of the 
holder of a patent before its expiration, the right 
passes to his heirs. Every assignment or change 
of possession must be notified to the Board of Trade, 
and advertised in the Government Gazette. 

Infringement—Litigation, §c.—The penalties for 
infringing patents are regulated by the Police Code 
of 1863, and are as follows: The infringement of a 
patent is punished at the suit of the holder of the 

tent by a fine not exceeding 300 florins, together 
with the confiscation of the illegally manufactured 
article. Cases of this description are brought before 
the police courts, and there decided. Disputes re- 
specting possession of a patent depending on a 
private right, and claims for indemnification founded 
on the infringement of a privilege, come before the 
ordinary judge. The fines imposed by the police and 
the proceeds of confiscated articles go to the Treasury, 

Prolongations or Renewals.—Patents are sometimes 
prolonged on Ry gr to the Board of Trade some 
months before the expiration of the patent. The 
matter is investigated before a decision is given, 


When the petition is complied with new letters 
patent are issued to the applicant, and the fact is 
notified in the Government Gazette. The same 
taxes and fees have to be paid as before. In some 





cases more than one prolongation has been granted 
of the same patent. 
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MACHINERY FOR MAKING BARRELS. 


CONSTRUCTED BY MESSRS. ALLEN RANSOME AND CO., ENGINEERS, CHELSEA, FROM THE DESIGNS OF MR. JOHN RICHARDS. 
(For Deseription, see Page 502.) 
‘s 
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CAR WHEEL BORING MACHINE, 
CONSTRUCTED BY MESSRS. WILLIAM B. BEMENT AND SONS, ENGINEERS, PHILADELPHIA. 
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Tne accompanying illustration shows the form and ar- 
rangement of Messrs. William B. Bement and Son’s standard 
type of machine for boring the centres of cast-iron railway 
wheels. The table upon which the wheel is placed termi- 
Dates underneath in a curved trunk, which takes a bearing 
in a socket formed inside that part of the frame marked A. 
The upper part of this trank is somewhat less in diameter 
than the bevel wheel R, which rotates the face plate; and at 
its lower end it is about 9 in. in diameter. The curve given 
to the trunk is such as to insure equal pressure over its 
whole surface, and consequently equal wear. Betweenit and 
the cast-iron socket a lining of Babbit’s metal is run in, 
countersunk holes being formed in the sides of the socket to 
hold the metal in place. The wheel to be bored is held in 
position by the three radially sliding blocks in the top of the 
face plate, simultaneous and equal motion being imparted 
to them by means of gearing actuated through the key C. 
The face plate is caused to revolve by bevel gearing within 
the frame driving off the coned pulleys D. By the same 
means the spur gearing, worm and worm wheel, feed down 
the cutter head, which does not revolve, to the work ; a quick 
return motion is also provided, the cutter-head being pro- 


1 


id 





Li 
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vided with a rack. The weight of the former is balanced 
by a weighted lever, as shown. At the side of the machine 
a light crane is attached for raising and lowering the wheels 
to be bored. The machine is capable of boring about 
100 wheels per day. 





THE LATE MR. CHARLES BEYER. 

A sruzr sketch of the life of the late Mr. Charles Beyer, 
whose demise we last week announced in these pages, will 
we feel sure be read with interest by very many who were 
fortunate enough to have known him personally, as well as by 
the still greater number to whom he was only known by 
the good reputation to which his life and his works had so 
worthily entitled him. 

Mr. Beyer, who was of German birth, came to this 


country when about 25 years of age, in the year 1887 or| ; 


1838, after having been educated in the Polytechnic School 
of Dresden. He obtained an engagement at the works of 


Messrs. Sharp, Roberts, and Co., engineers and machinists, | j 


Manchester, as draughtsman, and there he speedily made 
his first mark as a succesful man, by showing how great 9 





value attaches to the careful preparation of mechanical 
designs even when only the supplement to the ideas and in- 
ventive genius of a machinist such as Mr. Roberts was, 
Mr. Beyer, in fact, first initiated proper drawings in that 
establishment, in the place of the rough-and-ready off- 
hand chalk sketches that had hitherto served the purpose, 
and becoming the chief of the drawing office, held 
his position until Mr. Roberts retired from the firm, 
which then, under its new name of Messrs, Sharp 
Brothers, engaged his services as chief engineer in the 
place of the retiring partner. This position he held till 
the time when Mr. Stewart joined the firm, shortly after 
which Mr. Beyer left, after having been engaged there 
altogether for about sixteen years, 

It then appeared a suitable time for Mr. Beyer and 
Mr. Peacock (then of the Manchester, Sheffield, and 
Lincolnshire Railway), who had long contemplated enter- 
ing into business together, to carry out their intentions, 
and in the year 1854, after careful consideration of the 
advantages of various sites in the neighbourhood of 
Manchester, near which city they had determined to’ 
locate themselves, they decided upon the fields 
alongside the Manchester, Sheffield,’ and Lincolnsbire 
Railway, at Gorton, and there began the erection of the 
present works, which are so justly celebrated by their 
suitability, and by the excellence of the work that has 
been turned out from them. The great success of the past 
twenty-two years’ work of this establishment has been 
owing, beyond a doubt, to the fortunate union of two such 
thoroughly and suitably educated men for the work as Mr. 
Beyer and Mr. Peacock. The latter had received a good 
mechanical training under Messrs. Fenton, Murray, and 
Co., of Leeds, and had also had large experience upon the 
Great Western, and Manchester, Sheffield, and Lincolnshire 
Railways ; while the former brought the rich and varied 
talents which had been so bountifully bestowed upon him by 
nature, which the higher education of the German syetem 
of instruction had developed, coupled with the experience 
derived from long and intimate acquaintance with the me- 
chanical genius of Roberts. 

The great specialities of Mr. Beyer, by which he so 
rapidly became a leader in his business, were mainly three 
leading characteristics developed from natural talent, by 
high education, and good mechanical training, altogether 
constituting one who excelled in mechanical construction, 
delighted in beauty of form or outline, and gloried in 
simplicity of parts. These harmonising to a degree rarely 
to be found in any one man, and applied as they were to 
the construction of locomotive engines, together with a 
sound knowledge of shop work, coupled with that ex- 
perience of railway practice which Mr. Peacock was able to 
bring to bear, were sure to result favourably. 

Mr. Beyer was a rigid disciplinarian, carrying out his 
ideas with the most uncomprising fidelity, both personally 
and throughout the whole establishment at Gorton. His 
temper wasnaturally quick and his brainsomewhatexcitable 
but though through such causes he may have been less be 
loved by his workmen, we know him to have been greatly 
respected by all those of them who could value the character 
of theie master, and we are sure his memory will be held in 
reverence by all his compeers who have been engaged with 
him in any way as friends, or in business connexions. During 
the past three or four years, Mr. Beyer bad been devoting 
much time and energy to the building of his late residence iu 
North Wales ina spot to which he seemed to have great 
affection. The various anxieties of this work together with 
the strain to which he permitted himself to yield, seem to 
have aggravated the natural excitability of his brain, and 
thus we have been deprived of one who we would fain have 
had still amongst us. 








LIGHT RAILWAYS. 

To THE Eprror oF ENGINEERING. 
S1r,—Having, I hope, cleared away the difficulties which 
very naturally presented themselves respecting the novel 
construction of the locomotive engine which I proposed in 
my pamphlet on ‘‘ Cheap Railways,” I ask i permission 
to say a few words more on the question of the construction 
of the railways themselves. : 

In these days of rapid , when progression by 
‘leaps and bounds”’ a been poe a normal condition of 
life, we are yet too apt, strange parad 
seem, to ‘ to oniaia lines of thought and modes of 
action which we huve become acccustomed to, and although 
advancing on those lines with no small success we find it 
difficult to quit them, and to reconcile ourselves to ¢ 
which may, from time to time, be brought under our con- 
sideration. : : 
The pressure of every day’s business is so th 
success of whai has s seems so complete that it is 
by no means easy to procure a favourable reception for 
ideas which fall outside of the usual track, however strongly 
they may be founded on abstract truth or even on practical 
experience. It was a favourite saying of my old master, 
George Stephenson, hat he never had very much difficulty 
in engincering matter, but it was jeg Soar his power 
i and it is that to over- 
prejudice, and the effect of custom and habit, even 
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well remember the days when a gradient of 1 in 
gab ay wen eeT the maximum allowable on a main line 
of railway, when even the ius of a Brunel looked upon 
flat sa a9 things to Le abtat at almost any cost, 
oats the proposed its of the Lancaster and 
were considered by very eminent men as 

And 


for a heavy traffic. 
ie tens bo oe means had 
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un 
to a certain ee ae ee They judged of 
was in those days far what it 


working it, and the 

then we haye come to work gradients of 1 in 40, 
without difficulty, provided the line be 

out with curves of Siettly radius, but unfortu- 
nately it so happens that heavy and sharp curves 
go together, and to avoid the latter works of con- 


become expensive. 

Heavy gradients ly require heavy engines, and 
for two reasons ; first, we must have weight in order to pet 
empenen, Son, oma we must have it in order to get boiler 

to have rg Samer with economy 
of the weight over a 
number of wheels, and we must so arrange those whee 
tthey will pass with facility over curves of very small 
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ed, fi 

which is, in fact, the basis on which 

ae eee ie comsality of that engine fi k I ha 
‘or wor! ve 
test doubt. t have shown what can be done on 
a metre gauge, and with 3 tons on a wheel. On the ordinary 
4 ft. 8) in. I could an engine of much ter 
, Bay, With traction orce and boiler power of 15 tons 
to ig tons, and such an engine could work on 60 Ib. rails 

ients of 1 in 12 and round curves of 100 ft. radius. 
this there can beno doubt. Everything in this engine 
is a repetition of what has been done before, and the only 
novelty is in the combination of well-known mechanical 


Re ie thea that ab ill perform its part, is it 
the wi i , is i 
not evident that we eng ales the road to it, and that 
hereas we have advanced advance of engine 


w 
ret nen gees SSS to lin 40, we may now 
go on from | in 40 to 1 in 20, or even to 1 in 12. . 
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tunnels, few veel, nonpens betiges, } ht rails, 
and moderate and worl dy I an ie fee 


And as working expenses it means a great re- 
qth tilctensoenet works end pememebucn. That 
the cost of the latter has been for some years largely in- 


an 

7 ft. toSft., [have no hesitation in saying that the saving 

of the permanent way would be very 

t, even though the rails were of much lighter section, 
and the ballasting much reduced in quantity. 

be a somewhat increased ex- 

pe in fuel, because what is expended in mounting a 

vy t is not, except to a limited extent, recov in 

; there would also be a somewhat greater ex- 

Psy vay brake blocks, but both these together would be 

less than the saving in maintenance of way, and most 

important of all there would in most cases be half the 

eapital to pay interest upon, and in many instances far less. 

Iam, Sir, your obedient servant, 
. A. LoNGRIDGE. 

8, Westminster Chambers, June 12, 1870. 
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To Tus Eprror or ENGINER2ING, 


cot of “arts as, te which a —— = 
of my invention, called ‘‘ The Breakwater Steamer,’’ occurs 





I propose sloping roof round the vessel, partly re- 
movable, not for defence against shot, but to save sailor i 


te sea-sickness. Also a 
maintop, from which 
test and 


count of it published is in The Quarterly Journal of 
Science for July, 1875. 


small high deck, not so high as 
the vessel may be s' 


pectfully 
.T. CanmicHag.L, M.D. 
5, Haddington Place, Edinburgh, June 12, 1876. 





THE CHANNEL TUNNER) _ désetiption of my 
To THe Epiror or ENGINEERING, * 
Srr,—In his article entitled ‘‘ The Effects 6 
struction of the Channel Tunnel on the English an 
tinental Railway Systems,’’ which appear : 


'y 
far constitute a monopoly as to limit the traffic to its own 
trains, It shall possess rolling stock adaptable to all rail- 
ways it may be called upon to serve, and shall contract 
separately with the different railway companies, for the 
transmission and delivery of goods, from place to place, by 


means of its own ~The passage of its trains over an 
railway may be with the use of the locomotives of 
that railway, but moment of receiving the goods, 


upon’ 'the'cars’tf the el Company, until they are de- 
thé latter shall be responsible for their safety. 2 
your = se =— continue the 

l of supp rolling stock adapt- 

4 will lic ng Pp 







these p 


some notes in 
of the construction — 


tunnel. 
" your a servant, 

he . Firzroy Coie. 
26, Lansdowne Place, Brighton, June 13, 1876. 





the 9th instant, Baron Von Weber has 

which at first sight would appear to ove 
benefits which must be obtained from the construction of 
the tunnel. May I be allowed to make a few remarks upon 
put, and the conclusion arrived in,the follow- 
ph, having for some time given much of my 
‘* If the importanes of the object 
to be attained by the Channel Tunnel (gays Baron Von 
Weber) is to bear any rational 
uired, the tunnel will be 
considerable goods traffic between 
besides the large passenger traffi¢,? Such a traffic, which 
would have to compete catri 
for goods, if shifting the loads ig Completely ayoided, and 
from England far into the 


‘o shores is expected, 
, is only possible 


the wagons and trucks 

Continent and vice versd.”’ 
The transport of loads 

made so economically as b; 

places which receive i 

through England, we 

sea, it might, with some trai 

traffi 


d cannot of ‘ course be 
> per y that the 
goods fi 


orwarded 
‘the borders of the | ¢ 


through the pro 
-ease are, however, adverse 
Europe it is obvious that 
and of i 
ntinent. Moscow, B 
, ; und , 
coast by hundreds of miles, 
, corn, and vegetable 


d in the interior of 
the construction of nume- 


The conditions of 
to these. Looking at the map,of 
the great centres of consu 
situated in the interior of the 
Liége, Vienna, Pesth i 
inland cities, distanced from 
The most important cattle, wit 
ducing districts, are likewise 
countries, and thus have 
rous railways connecting them with the coast. 
There takes place a const 
(the exports being in favour 
great centres of consum 


interchange of commodities 
Great Britain) between the 
and of production of England 
and of the Continent, which in either case are conveyed by 
across the Channel, and thence 
transmitted by the local railways to their destination. Now, 
without admitting that it would lie within the bounds of 
rise to convey English 
overland, for shipment at Brindisi or 
-| tunnel, it is reasonable to expect 
roportion of the traffic at present interc t 
ngland and the most adjacent cities of the Continent, 
would find its way through the tunnel, when the sea- 
rt, with its accom loading and unloading 


railway to the coast, shipped 


that a very considerable 
between 


iron, and manufactured 
articles from inland dis 
veyed throughout by rail 
Continent, at less than 
twice-repeated shifting of the loads. 
so faras to 4 
that the English wagons, at least for the t, 
their way ‘‘as far as the shores 
Saat of Ttal i = the Fd 
point o y> Ne 
f ccessful realisation of the tunnel 
Channel, not only a very considerable i 
traffic will be attracted through it, bu 


results have been 
article; but whilst acknowledging them 
intentionally, overlooked a very n 
to the difficulties created thro 
gauges upon the Continental 
which would be encountered in the event of the 
railway companies attempti i 
the Continental lines without i 
the police and stringent economical 
force, have been put up, in the article in question, as some 
i I believe that I am 
every one who has dealt with the 
in giving it the character of an 
d to substantiate this, I 
put yesterday in the House of 


the Government said that a treaty with the Forei 
2 By adhering to this view, the 

both political and economical, would be met by the legisla- 

. | ture prior to the construction of the works, and hence the 

pecially in your columns, 

of construction, and 

, having to the dissimi 

larity of gauge and of conditions extant upon the railways 


co! > 
Taking the latter proportion first, it would a: 
impossible, with the present pressure. w 
es, for them to run their own rolli 
tal railways. Such a demand would, for in- 
statice, in the case of the London and North-Western, 
cause a complete of existi 
— ake would occur _ 
systems create complications to 
. * public and of the companies. The plan 
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To THE E } Or ENGINEERING. 

Srr,—Your contri , the writer of the articles on 
‘The Origin t you in his last letter, written 
in reply to ) pr us letters of mine on this subject, 
that he has some in imagining that I can be 
serious in supposing k the molecular vibrations of a 
piece of card have ag to do with its attraction by a 
vibrating ti -fork,,. To him there appears to be some- 
thing sup ridlovens the supposition that the 
vibration of the m des of the card. can be the cause of 
anything. a hy mg credit for more sense than is im- 
plied in asking ta, ** such a theory” as mine. 
“When we talk,” he “‘ of the effect produced by a 
vibrating tuning-fork .,- . we allude to the effect pro- 







duced on the gir u@ mass vibrations of the fork, not 
considering at all the vibrations of the molecules of the 
ork” —1 ning, I suppose, that if the fork itself did not 
vibrate it could not by gny possibility attract a suspended 

Now, without wis for a moment to question your 
contributor’s right to re to criticise anything advanced 


are by me, I.may as well point out—I ought to have done 


the molecular vibrations of a tuning-fork 
‘HOt Butte so insignificant as your contributor would 
have us believe. The fact is, a non-vibrating fork is as 
attracting bodies suspended near it as a vibrating 
,. We have only to increase the energy of the mole- 
dar Vibrations of a non-vibrating fork, in other words, to 
raise its sempre and it exerts an attractive influence 
upon pith , &e., probably as marked as is the influence 
exerted a tuning-fork in vibration upon a suspended 
card, as Mr. Crookes long ago pointed out. A heated 
tuning-fork a, not in vibration, would, according to Mr. 
Crookes’ experiments, attract another tuning-fork b, at 
ordinary temperature, suspended near it. That is, the vibra- 
tion of the molecules forming a’s surfaces influences the 
surrounding air molecules in such a way as to cause the fork 
b to h a, precisely as it would do if the fork a were 
itself in vibration. In fact the two cases seem to me to be 
ly alike ; and I would explain the attraction exerted 
a heated tuning-fork in exactly the same manner as I 
have explained in my former letters (and too many times to 
render a repetition —— the attraction exerted by a 
vibrating one. The molecules forming the surfaces of the 
fork b have, in this case, in my opinion, as much to do with 
its movement towards a, ag t. forming a’s 
surfaces have to do with the matter, that is, their vibration 
has everything to do with it. And I submit that-there is 
nothing whatever in this common-sense view to justify the 
use. of such contemptuous phrases as ‘‘such a theory’’ which 
your contributor makes use of. 

Your contributor has of course a perfect right, as well as 
my full permission, to refuse-to criticise my views, but he 
has no right whatever to make it appear that he knows 
more about my opinions than I know myself, and to at- 
tribute to me opinions which I have _ and again em- 
phatically stated that I do not hold. Your contributor is 
content, he tells you, to leave my theory to the criticism of 
bia Then way not leave the theory alone? 4 he 

or cann valid o m against my 
theory that the tholeonlar vileasiane of the card are the 
cause of its attraction by a vibrating tuning-fork, why on 


ties | earth does he raise objections against nobody’s theory that 


the attraction of the card is due to the reaction of the card 
itself upon the medium, a theory which implies, as he says, 
that the card could not be attracted by the fork unless it 
(the card) vibrated ; or, as he puts it in another place, which 
assumes that a body in order to be attracted must vibrate? 
I suppose that some careless expression of mine was the 
orginal cause of this misunderstanding, but surely I stated 
emphatically enough in my last letter that the above was 
not the theory that I wished your contributor to criticise. 
My views may be altogether nonsensical, may not even be 
worth megan, HB od they are so very absurd, why 
endeavour to them more so by misstating them ? 

I may here remark (though I do so with no hope of re- 
versing the decision of your contributor to leave my theory 
to the criticism of others) that this very theory which is 
now deemed so absurd, I submitted some time since to the 
notice of an eminent professor of physics, a F.R.S., anda 
contributor to the Philosophical Magazine, and that, in a 
very courteous and even kindly letter which I received in 
reel, he invited me to give an account of my theory to the 
—— Society, offering at the same time to give me every 
assistance in his power in the way of ring — 
a fe 

¢ “ believed my ideas to possess very great merit,” 
that after being read my paper would be considered with 
reference to its publication in the Transactions of the 


y | Society and in the Philosophical Magazine. And he even 


t so far as to promise to to read my 
before the onid society, wining that if he could usb ae pe 

















June 16, 1876.] 


ENGINEERING. 








he would read it himself. All this commotion caused by a 
theory which your contributor is half inclined to regard as 
a sort of joke! Surely I could not be serious when I asked 
him to criticise “‘ such a theory.’ 

Perhaps your contributor’s object in disposing of my 
theory in this off-hand manner was to induce me to follow 
his example by leaving his theory “to the criticism of 
others.’ If so, he shall not be disappointed. Seeing that 
your contributor emphatically refuses to criticise my theory, 
and that he seems disposed to take but the least possible 
notice of the objections that I ventured to urge against his 
own ; and, morecver, secing that it is eminently desirable 
that this controversy should for your readers’ sake, have 
some definite result, [ ask your permission to appeal to 
those of your readers and correspondents who interest 
themselves in the subject, and to solicit their opinion on 
the various points in dispute. have scarcely anything to 
say, in addition to what I have already stated in my former 
lettters, either in support of my own views or in support of 
my objections against those of your contributor. But the 
subject has been so confused by your contributor’s having 
misstated my theory and my objections to his own (I am 
sure it cannot be said that I have erred in this respect) that 
a concise statement of the various issues between us may 
perhaps assist the jury to whom I appeal, in arriving at a 
unanimous verdict, which I submit cannot fail to be in 
every instance in my favour and against your contributor. 

Although a great deal of our correspondence has been 
taken up in dealing with tuning-forks and cards, I believe 
I am not far wrong when I say that the profoundly myste- 
rious, yet provokingly simple, problem which is real one 
to be solved is this: Every molecule of every portion of 
what for distinction’s sake may be termed gross matter, 
moves, or tends to move, at every instant as if it were 
attracted by every other molecule with a force varying 
with the inverse square of the distance between the 
molecules. A molecule at the centre of the sun, for 
instance, attracts, and is attracted by, a molecule at the 
centre of the earth. Your contributor and myself both 
claim to be able to present the world for the first time in 
history, with a satisfactory explanation of how the thing is 
done. This is rather presumptuous-on our part no doubt ; 
but fools, you know, rush in where angels fear to tread. 
Perhaps, nay probably, both our theories may be false. 
No matter. Repeated attempts of this sort may at last 
convince the ‘‘ angels’ that their fears are quite groundless, 
and we may thus aid, though indirectly, in bringing about 
a state of things more creditable to science than obtains 
at present. 

On the one hand, your contributor is of opinion that the 
central molecule of the sun attracts the central molecule of 
the earth by means of an elastic medium called ether, which 
is composed of particles that are rapidly moving in all 
directions. Our two molecules are themselves in rapid 
vibratory motion and thus emit waves in all directions. 
Wz.ves are reflected to and fro between the two molecules, 
and wing to this reflection of waves the particles of ether 
composing the column intercepted between the two mole- 
cules are continually or - increments of energy, in 
consequence of which the column e ds and becomes 
rarefied, and the pressure of the ether in the column 
becomes diminished. Besides this, owing in to the 
refleetion of waves, the column of ether is thrown into 
stationary vibration. It becomes broken up into segments. 
which segments vibrate radially outwards, that is, laterally, 
and thus tend to expand the column radially, to rarefy the 
axis of the column, and to diminish ethereal pressure at its 
axis. But stationary vibration is also caused in another 
way. When one molecule advances towards the other it 
bulges the column radially, the converse taking place by 
the recession of the molecule, and thus a radial (and longi- 
tudinal?) vibration of the ether column about a central 
axis is set up and the column expands ; the pressure in the 
column, owing to the combined influence of these causes, 
diminishes ; and the pressure upon the remote sides of 
the two molecules urges them together. 

Against this elaborate theory it is surely sufficient to 
object that the said intercepted column of ether is nearly 
a hundred millions of miles in length, whilst its diameter 
may be estimated by keeping in mind that (according to Sir 
W. Thomson) if-we were to magnify a drop of water to 
the size of the earth, the coarseness of the graining of it 
— be something between that of cricket-balls and small 
shot. 

I should, however, be content to stake my reputation (if 
T had any) upon the yalidity of any one of the following ob- 
jections : 

_ In the first place, the two vibrating molecules, by increas- 
ing the velocity of the particles of ether in the intercepted 
column, tend to increase and not to diminish the pressure 
in the column, for the motion of the particles of the ether 
is assumed by us both to be the sole cause of its pressure. 
No more conclusive demonstration of this proposition could 
be imagined than the following: Suppose that a column of 
ether exactly resembling in all respects the column actually 
intercepted between our two vibrating molecules were en- 
closed in an impenetrable tube. Your contributor insists 
that the pressure of the ether within the tube is less than 
the outside pressure. And so it might be as long as there 
were no communication between the ether within the tube 
and that outside. But directly we allow the ether in the tube 
to communieate freely with the rest of the-medium, it is, I 
submit, absolutely impossible to give any reason why the 
inside pressure should not become immediately equal to the 
ontside pressure, however much difference there may be 
reen the density of the ether particles outside and the 
pam F of the ether parser i 5 the a There is, 
perceive, a perfect tween this imaginary 
column and the column actually intercepted between our 
two vibrating molecules, for both columns communicate 


freely with the rest of the medium. Your contributor 
persists im ignoring this weighty objection. Until it is 
answered, I submit. that the mere fact that the two mole- 





cules do approach each other is not sufficient to prove that 


their approach is due to an excess of ethe ure upon 
their two remote sides. The j to whom I am now ap- 
pealing will rightly demand poh son hod more from your con- 
tributor than the usual re-statement of his theory, or judg- 
ment will go against him in default. 

In the next place, granting for the moment that by the 
reflection of waves between our two molecules, or by their 
bulging the intercepted column radially, or by any other 
means, the column is broken up into annular segments, 
which vibrate about a central axis (remember the length and 
diameter of the column), I contend that we have as yet no 
vera causa for the assumed_diminution of pressure at the 
axis of the column. I do not deny that under the assumed 
conditions the column would tend to expand, but I assert 
that for this very reason the pressure at the axis would tend 
to increase and not diminish. In illustration of his position 

our contributor supposes that. two elastic spheres are re- 
Condlag between two parallel planes in such a way that 
the two spheres strike each other at the middle point be- 
tween the planes, and then rebound and strike the planes 
simultancously, the spheres oscillating backwards and for- 
wards. The spheres, he tells us, will exercise a pressure 
tending to propel the planes apart. Of course they would. 
But if the exterior surfaces of the two planes were subject 
to the pressure of the ether, and the interior surfaces merely 
to the pressure caused by the impact of the two spheres, 
they would not recede from each other, unless the pressure 
of the spheres were greater than the pressure of the ether. 
If this were. the case they would recede from each other 
until the pressure due to the impact of the spheres had 
become exactly equal to the pressure of the ether upon their 
remote surfaces. The spheres would go on rebounding 
from each other and from the planes alternately, and the 
important point to be noted is this, they would rebound 
from each other with precisely the same force as they re- 
bound from the two planes, so that if a third plane were 
placed parallel with the other two midway between them, 
the two spheres would rebound from the middle plane with 
exactly the same energy as they rebound with after striking 
the two outside planes. The application of which is obvious. 
The pressure of the ether at the axis of our imaginary 
ye rome is, and ba a py — in spite oo — 
of ‘‘stationary vibration”’ of its imagi annular segments, 
precisely pond § to the pressure of the ether at every other 
part of the universe. 

Thirdly, your contributor has a failed to grapple 
with the objection I raised against his theory on the ground 
that the so-called column of ether intercepted between our 
two molecules is only an imaginary one, som | that (leaving 
out of consideration the by no means inconsiderable motion 
of our solar system through s ) at least one of our mole- 
cules is moving round the other at a thousand miles per 
minute, so that no waves can possibly be reflected along our 
‘*column ;”’ for by the time a wave has travelled from one 
molecule to the other, thefirst molecule is in quite a 
different part of space altogether from where it was 
when the wave first started on its immensely long journey ; 
and by the time the wave is reflected back again (if it ever 
could be reflected, which is rather doubtful), our first 
molecule is still further removed from its former position. 
This objection is as yet unanswered, and I do not wonder 
that it isso. What your contributor says on this point 
falls quite wide of the mark. I have not (I am told) fully 
appreciated the facts of the case. I ought to have remem- 
bered that when a column of ether is in stationary 
vibration, it is broken up into longitudinal segments, and 
that the wave reflected towards one molecule is not re 
from the other molecule, but only from the immediately 
adjacent longitudinal segment. But I thought we were 
told, and on looking back I find we were told, that the 
mutual reflection ef waves between the opposed pair of 
vibrating molecules is the condition required to throw the 
intercepted column into stationary vibration, and that no 
effect at all would be produced unless the waves were 
reflected. My objection therefore goes to the very root of 
the matter, for even if it were true that your contributor 
has met the difficulty, provided I admit that there is no 
necessity that waves ought to be continually reflected, the 
fact would still remain that I have proved past all contradic- 
tion (or at least according to your contributor’s own show- 
ing) that no effect at all could be produced, use no 
breaking up of the column into longitudinal segments ever 
has or ever can take place, for this, we are told, entirely de- 
pends upon the reflection of waves between the two mole- 
cules within the intercepted column. Your contributor in 


his letter of May 12, used the expression ‘‘ reflection of 
waves between the two molecules,”’ or somet! uivalent 
to it, about, if not exactly, thirteen times. he but 


kept in mind the motion of our molecules through the ether, 
which comes to precisely the same thing as the motion of the 
ether past the molecules, the expression would never have 
been used once in connexion with a theory of gravitation. 
Fourthly and lastly (but I am afraid the jury will think 
that I am breaking a butterfly upon the wheel) we have as 
yet not a syllable in answer to my objection that the 
column intercepted between the two molecules under con- 
sideration (the central molecule of the sun and the central 
molecule of the —_ is to a very great extent not composed 
of ether particles at all, but of molecules of ordinary matter. 
Even if there were one molecule in the intercepted colamn 
it would prevent any wave from passing from one molecule 
to the other, but there are more than one. Thousands of 
miles of the so-called colamn are thickly studded with mole- 
cules, each one of which is a fatal stumbling-block in the 
way of ‘your contributor’s obtaining a favourable verdict 
from the jury of impartial inquirers to whom I am now 


appealing. ; 

"This, then, is my case against the theory of gravitation 
advanced by your contributor, and I venture to anticipate 
a unanimous and decisive verdict in my favour upon each of 
the above grounds. With regard to my own theory, seeing 
that your contributor declines to raise any objection 





be true, to my letter on the *‘ Ori 
were enough to publish in ENGINEERING of May 
I must conclude my remarks in another letter, meanwhile 
I remain, Faithfully yours, 

Tuomas Inwoop PoLLARD. 





THE PATENT BILL, 
To Tae EpiTror oF ENGINEERING. 
Sim—-Can you or any of your readers inform me 
—— Dr. — Law ee has had a 
m presented or taken other s' with res to 
he Patent Bill of this session ? ve ne 
You alluded in a recent article to this committee as the 
Patent Law Committee of ‘‘ 1875,’’ but as some most ex- 
cellent recommendations of that committee remain as yet 
unconceded, it is to be hoped Dr. Siemens and his friends 
will not relax their efforts to get the Bill made what it 
ought to be. 
I am, your obedient servant, 
g Francis M. Corron. 
12, Foulis-terrace, South Kensington, June 15, 1876. 


LIME FOR NORTHERN METALLURGY. 

AutHovGH it is by no means so important as other in- 
dustries in South Durham and North Yorkshire, the growth 
ofthe limestone traffic has been, though almost unnoticed 
hitherto, sufficiently great in extent, and rapid in its de- 
velopment to merit notice, inasmuch as it has played its 
part in contributing to the vast industrial changes which 
have been witnessed in less than thirty years in South 
Durham, and because it has shared in the common growth 
attendant upon allied industries also engendered and fostered 
by the iron trade. Needing, as it does, a flux in its process 
of smelting, the Cleveland iron ore finds the fluxing ageat 
in the adjacent limestone, more especially ‘a the car- 
boniferous limestone found in the neighbourhood of Stan- 
hope and Frosterley, at the foot of Weardale. To assist in 
developing these and other resources, a line of railway—the 
Wear Valley line—was sanctioned in 1845, and much later, 
when the value of the ore for metallurgic purposes was 
known, a branch extended the line to Newlandside. At the 
earlier date, the principal use of the lime would be for agri- 
cultural and building purposes, although the Witton Park 
furnaces, then projected, might have influenced the con- 
struction of the railway. For some years, however, these 
furnaces and those of the Derwent Company drew their 
supplies of lime from Weardale, the latter having opened out 
quarries for lime at Stanhope, and the former obtaining lime- 
stone, and for a time ironstone also from the same district. 
Thus down to the year 1850, the amount of lime sent over 
the railway was very small, some 60,000 tons yearly. 
But after the discovery of the Cleveland ore and the 
consequential growth of furnaces. in the Middlésbrough 
district, at first the demand grew until within five years 
it had reached the qusttnlel amount of 240,000 tons 
yearly. In the next quinquennial period there was a 
further growtb, though not at such a ratio, the amount 
being then about 310,000 tons. The vast. development of 
the metallurgical industry caused a large growth after- 
wards, in spite of other sources of supply being brought 
into requisition, and in 1865, the annual amount sent 
over the railway to the furnaces was close upon half- 
a million tons. Since the amalgamation of the linés 
over which almost every ton of minerals for the fur- 
naces passes, it is difficult to state the exact amount of 
limestone thus used, but from other sources an approxima- 
tion to the total may be obtained. Thus, the Messrs, Pease, 
who work extensive limestone quarries at Broadwood, raise 
annually about 210,000 tons; Messrs, Bell Brothers, at the 
Stanhope Quarries, produce some 100,000 tons; Messrr. 
Bolckow, Vaughan, and Co. (Limited), use at their Eston ~ 
Works some 80,000 tons, and the total for these and the 
furnaces at Middlesbrough and Witton Park may, with 
tolerable accuracy, be stated at about 150,000 tons—and this 
amount is chiefly if not wholly supplied by the Forcett and 
Newlandside quarries; while from others at Frosterley, 
Stanhope, and Bowes 200,000 tons are yearly taken. These 
may be taken as the chief quarries, and the total they give 
is above 800,000 tons of limestone annually. And when 
the produce of subsidiary but still important establishments 
is added, it will be found that for blast furnace purposes 
fully one million tons of limestone are used, chiefly from 
Weardale, and in the proportion of about half a ton to every 
ton of pig iron produced. ? 


pid Pa eeriap adn Sik this dock f the tinsetes 
rapid progress le wi or 
Government at Messrs. 5 , and Co.’s Mill- 
wall baby B wage oe has paw yan / and of 
it is now being en down, mark painted, 
tory to shipment to Nicolaieff. Its P oie 
he river ie thas of a, massive wall of iron - ;. the pon- 
toons of the dock, being constructed on the land side of 
this iron wall, cannot be seen from the river, The whole 
of the dock, which is expressly designed to accommodate 
the circular ironclads of Russia as well as vessels of war 
of the ordinary form, will be finished and shipped to the 
Black Sea in the autumn, and will be re-erected at Nicolaieff 
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in complete working order by its makers. 
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connecting-rod 16 in. in length, or twice the length of the 

and engine measured 29} in.—or nearly five times the 

of the stroke-—from the centre of the crankshaft to 

top of the Fu cylinder cover. The present engine 

the other has a connecting-rod 26 in.—or 2.6 

the stroke—in length, and ‘its height from centre of 

ikshaft to top of upper cylinder cover is 38 in. or 3.8 
times the stroke. 

-These advantages are, however, obtained at the expense 
of what we are compelled to as more than counter- 
vailing disadvantages as regards weight, &c. As will ‘be 
s46u from Fig. 5, page 509, the piston-rod instead of being 
coupled direct to the connecting-rod, is screwed into a cross- 
head from which a pair of side rods extend upwards termi- 
nating in blocks working in guides formed at the sides of the 
cylinder. The connecting-rod is made with a wide fork, 
as shown, and takes hold of pins forged in one piece with 
the side rods and blocks just mentioned. Situated as the 
crosshead guides are, immediately on the cylinder, they must, 
we think, be difficult to keep from heating. Asin the en- 
gine previously illustrated the cylinder, standards, and base 
plate are all cast in one piece. 

The link motion, as in the engine formerly described, is 
used only for reversing and not for expansive working, the 
link being made witha straight slot, and provision being 
only made for fixing the block in extreme position by the 
arrangement shown, The valve is, as will be seen, driven 
through the intervention of a rocking shaft and levers, and 
the remaining details will, we think, be readily understood 
from our engravings. 





THE PHILADELPHIA EXHIBITION. 
Roor, &c., or Main Exuisrrion BurILpine. 

WE give this week a two-page engraving showing details 
ef, the roof, &., of the Main Exhibition Building at 
Philadelphia, and in an early number we shall publish 
further views of details. This main building was fully 
described and its general arrangements illustrated in our 
last volume (vide pp. 156, 896, and 480, vol. xx.), and 
taken in connexion with our former descriptions, the detail 
views we now give will be so readily understood that further 
explanation will be unnecessary. 





FURTHER EXPERIENCE WITH CONCRETE 
TANKS.* 


By Groner Liveszyr. 

ArrEr the ven Ce paper on concrete tanks read in 
1874 by Mr. Douglas (whose enforced absence on this occa- 
sion is sincerely us all), it is quite 
to take up the time of the iation by recapitulating in 
an inferior manner that which was then so clearly set 


forth. 

ae perpen of the writer is in this instance to give an 
account of a partial failure, for it is only fair that after 
having so strongly advocated the use of concrete for tanks, 
and set forth ite advan , the risks and difficulties attend- 
ing its use as discovered by experience should also be made 
known as & warning and a help to others. 

The tank to which this refers was being constructed 
when Mr, Douglas read his paper in 1874, and all was then 
going on well; there was no doubt as to the fitness and. the 


strength of concrete for the which had been amply | §®* 
of what have been described as 


proved by the construction lescribed as 
. posite tanks,’’ that is the main substance of the wall 
being of concrete with about a 9-in. lining of brickwork. 
The first of this kind was built at the South Metropolitan 
Works, and was perfectly successful, others have been 
erected at Beckton and Bow Common, as well as that at 
Portsea, which differed from those previously named in that 
the brick lining was put in after the concrete work was 
finished ins: of being bonded in with it, as was the case 
with the others. All these tanks, however, were made 
water-tight with clay puddle, while the new one at the South 
meheus itan Works was to depend for strength on the con- 
erete alone, and for entire soundness on a skin of Po 
cement rendering, not a brick nor a piece of iron for bond- 
ing, or stone, nor a particle of puddle entering into its con- 
struction. 
dopih 47 Th tke of - bam § ws 8. and Oe extreme 
bd working depth from the top of the resting 

blocks of concrete to the top curb, also of concrete, 45 ft. 6 in. 
Chere are no stones let into the wall to hold the guides fixed 
in the tank, the bolts for this purpose being simply let into 
the conerete wall and made secure by neat cement. The 
guide standards for the gasholder have no base stones, but 
are bedded on the concrete, and the writer has no hesitation 
in saying that this total abolition of stone is an advan 
without a single drawback. The dry well 50 ft, deep is also 
entirely of concrete, but in this case the rencering of cement 
is on the outside, which answers ectly, being the onl 
really bef well on the premises, all the rest, which are bric 
built led, being leaky 

The walls of the tank have their foundation on the chalk, 
which is found at a depth of t 42 ft.; they are 5 ft. thick 
at the bottom, reduced to 2 ft. Sin. at the top. The stratum 
above the chalk consists chiefly of very fine sand full of 
water, its normal level being about 11 ft. from the surface 
of the ground. The quantity pumped was 1100 ms & 
minute while the work was being executed. This fine sand 
was used exclusively for backing up the wall, and was made 
as solid as possible by ramming and watering. So far 
wero, we perfectly sa’ ; the work was 
finished early in lastyear without a flaw or crack of any 
kind and put to a severe test, 35 ft. of water was put into 
the tank while the pumps were kept going to keep the 


* Paper read before the British Association of Gas 
Managers. 





springs down outside in order to test the soundness of the 
tank, with a 35 ft. head of water, which was as much as 
could be admitted without interfering with the construction 
of the gasholder then in progress, and double the pressure 
the tank would have to bear when in work. The result sur- 
expectations, for the most careful measurements 
en from day to day over an extended period showed no 
sign of leakage, the tank was so sound that an hour’s rain 
could be measured, and during the summer of 1875 a con- 
siderable rise of the water took place from rain alone. It 
was not from leakage into the tank, for before stopping 
the pumps the water inside the tank was about 6 ft. above 
the permanent level of the springs outside. 

It was now thought by all who saw it that a sound con- 
crete tank without uddle was an accomplished fact ; the 
water had been filled in as the work on the gasholder per- 
mitted until it was within about 9ft. of the top, and the 
tank still acted as a rain gauge; when on the completion 
of the gasholder early in December last the tank was filled 
from the canal during a sharp frost with ice cold water ; 
whether this caused a slight contraction of the concrete or 
the pressure of the water on the upper part of the walls 
was too great for their strength is not yet decided, but when 
the last foot of water was being put in, a crack about y; in. 
wide appeared in the wall just where the cold water entered, 
and another a few hours later showed itself at about 30 ft. 
distance, and then three more similar cracks appeared at 
various distances round the circumference of the tank. It 
must be remembered that the holder, of course, was 
down, so that the cold water at about 34 deg. being of less 
specific gravity than that already in the tank, which was 
about 40 deg., would of necessity fill the annular space be- 
tween the gasholder and the tank, and thus have a cooling 
effect on the concrete, which may account for the cracks 
6n the theory of contraction. This is further supported by 
the fact that the cracks extend a very long way down, 
probably nearly to the bottom, for a diver has traced 
them for upwards of 30ft. and found them of equal width 
throughout about ;,in. The contracting theory is not, 
however, quite satisfactory, and the only alternative is that 
the upper part of the walls was not strong enough to resist 
the pressure, owing to the backing of sand being slightly 
compressible. It must be remembered that with an ordinary 

addled tank the wall is practically in equilibrium, for 
ing porous the water finds its way through to the puddle 
whieh really sustains and probably gives to the pressure 
slightly but without any injurious result, whereas in a tank 
depending for soundness on an inner lining of cement the 
whole pressure is on the wall; and at the backing 
not to ‘ectly solid, which is practically impossible of 
attainment, the wall of necessity gives way unless sufficient 
in itself to resist the pressure. In order, therefore, to 
mi inst such a defect in future the writer would 

yers of hoop iron in the upper part of the wall at least, 
as ahead by Mr. Wyatt at the meeting two years 
ago, and would also take care not to fill a tank with water 
at a lower temperature than say 40 deg. to insure being on 
the safe side. 

To sum up the results of the defect ; the worst after all 
was perhaps the great disappointment to the engineer, but 

has come out of evil notwithstanding, for it shown 
that even supposing cracks to occur in such a tank the 
disaster is not a great one, the leakage through the five 
cracks lowered the water in the tank about 6 in. over the 
whole surface in 24 hours, a leakage which the waste water 
from the works supplied ; it did not prevent the use of the 
holder, which was inflated in December last, and has been 
in full work ever since. It was resolved to wait until the 
summer before attempting to stop the leakage, which is 
certain to be effected by means of a diver with very little 
trouble, for similar cracks have, in the writer’s experience, 
been effectually stopped in this way. Very fortunately there 
is a space of 2ft. between the gasholder and the tank, so 
there is plenty of room for a man to work. The work has 
not yet been begun, for the leakage has gradually decreased, 
so that at the present time it is little more than half what 
it was at first, viz., under 3} in. in 24 hours, so there is a 
probability of its stopping al her, but if not a piece of 
soft twine soaked in tallow and caulked into the cracks 
will effectually prevent leakage, and when once the flow of 
water is stopped the soluble portion of the Portland cement 
will have an opportanity for closing the cracks, of making 
them as it were grow together, a process which is already 
in all probability in operation. 

Tn conclusion, it only remains to state that so far from 
these defects being an argument against the construction of 
a similar tank of concrete without puddle, the writer is 
more confirmed than ever on the advantages of the system. 
The concrete has cracked, the possibility of which was the 
chief argument against the plan, and it turns out to be a 
po Fe disaster, and one very easy of remedy. It is very 
doubtful whether a tank of this dimension in such ground 


tage depending on clay puddle for soundness, would have been 


ect, and if not the difficulty of making it so would have 

n far greater than in this case. In works of this kind 
and extent risk of some sort is inevitable ; it is the business 
of the engineer to exercise his judgment, and to choose that 
plan which promises the greatest advantages. The further 
experience gained from the work referred to in this paper, 
shows that both brickwork and —_ can be safely dis- 
pensed with, and if this record of experience enables other 
engineers to avoid mistakes and assists them to achieve 
perfect success, the object of the writer will be attained. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppLEsBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was again 
a fair average attendance on ’C at Middlesbrough. 
Business was flat. No. 3 Cleveland pig iron was, like last 
week quoted 45s. 6d. per ton, and in some cases could be 
bonght for less. If it were not that the shipments of pig 








iron are more brisk than usual, it is difficult to imagi 
what could be done with the produce of the North of Eng. 
land blast furnaces at present. 


The Finished Iron Trade.—There is no improvement in 
this great industry. The outlook is black. In accordance 
with what we stated last week, Messrs. Hopkins, Gilkes, 
and Co., of Middlesbrough, have paid off about 600 men, 
being unable to find employment for them. Fortunately 
Messrs. Bolekow, Vaughan, and Co., in the same town, have 
been able to withdraw the notice they gave to their men, 
and have agreed to continue operations with the understand- 
ing that they can stop any time ona single day’snotice. It 
is feared that in a short time more works will be stopped for 
want of orders. Week after week the financial affairs of 
some firms are becoming more complicated. 


Another Reduction of Wages.—We haveintimated several 
times lately that there would probably be a further reduc- 
tion in the wages Of the Durham mimers. The Durham 
Coalowners’ Association now state that the only way ‘of 
averting the disastrous effect of a suspension of work is ‘to 
offer to submit to open arbitration their claim for a redue- 
tion off the present rate of wages 15 per cent: on under- 
ground labour and 10 per cent. on above-ground labour, to 
take effect from July Ist. 


The Raising of the Vanguard.-—Engineering talent. is 
evinced in all ranks of life. Our readers will be aware that 
some months ago the Lords of the Admiralty applied for 
tenders for raising the warship Vanguard, which was un- 
fortunately run down in the Irish sea. About 130 plans 
and estimates for accomplishing this work were sent in to 
Mr. Ward Hunt and his colleagues. All these plans were 
considered, and ultimately three were selected for further 
consideration. Theresult of the prolonged investigation is 
the acceptation of the plan of Dr. Rutherford, of Newcastle- 
on-Tyne. A description of the doctor’s plan is not yet 
before us, but we understand that the Admiralty are struck 
with its originality and comprehensiveness. Dr. Rutherford 
is a native of Scotland I believe. Many years ago he came 
to Newcastle, and as an Independent minister soon gathered 
together a con, tion of hisown. After successfully build- 
inga church for his congregation he studied medicine, and 
practised as a qualified doctor. Turning his attention to 
commercial and mechanical affairs he organised a co-opera- 
tive company, who bought the Ouseburn Engine Works, 
Newcastle, and these works hemanaged. The doctor is an 
active politician, and is now showing that he knows a good 
deal about engineering. 


NOTES FROM SOUTH YORKSHIRE. 
. SHEFFIELD, Wednesday. 

The South and West Yorkshire Miners.—The majority 
of the South Yorkshire miners have resumed work this 
week after the late strike, but at Swaithe Main, Edmund’s, 
and afew other collieries they remain out. The West 
Yorkshire coalowners met at Leeds on Tuesday afternoon 
and resolved to give notices of a reduction of 12} per.cent:; 
in acco with the arrangement previously arrived at 
7 — by the general result of the South Yorkshire 
strike. 


Great Armour Plates for the Italian Government.—A 
local paper states that three of the 22-in. armour plates 
which have been experimentally rolled by Charles Cémmell 
and Company (Limited), Cyclops Works, Sheffield, for the 
Italian Government, were sent off to Liverpool for ship- 
ment to Castellamare dockyard last week. They will, on 
arrival, be shot at from the new 100-ton Armstrong ‘guns. 


Proposed Purchase of the Wakefield Water Company.— 
The Town Council of Wakefield, through a sub-committee, 
has offered to purchase the undertaking of the Wakefield 
Water Company for the sum of 150,0001., but the company 
declines the offer, so that the matter will have to be fought 


out in the House of Lords. 


Chesterfield and Derbyshire Institute of Engineers.—The 
annual general meeting of the members of this Institute was 
held on Friday last at Chesterfield under the presidency of 
Lord Edward Cavendish. The report of the secretary 
showed there had been an increase during the year of two 
life members, sixty-eight members, four honorary members, 
and six students. Two-thirds of the amount needed for 
the Stephenson Memorial Hall had been subscribed, and a 
site for the building had been purchased. The report, 
which was able and exhaustive, was adopted. Discussions 
subsequently took place on Mr. G. H. Wright’s paper ‘‘On 
the Prevention of Overwinding at Collieries ;’’ Mr. A. H. 
Stokes ‘‘On a new Description of Ventilating Fan,’’ and 
various others. Lord Edward Cavendish was re-elected 
President for the year. There was afterwards a pleasant 
dinner at the Angel Hotel. 


The Leeds Water Works Reservoirs.—The Swinsty re 
servoir of the Leeds Corporation Water Works, which has. 
a storage capacity of 960,000,000 gallons is now practically 
finished, and the valves are being put down. Two 30-in. 
mains are laid from dhlavsoervale ter the supply of the town, 
At the Fewston reservoir the puddle trench a been opened 
out, and the stop piece and valve shaft foundations are 
being putin. This reservoir will not be completed for two’ 
years. 


The Sheffield Tramways Extensions.—It is proposed to 
construct a long line of tramways from the centre of Sheffield 
to Owlerton, a distance of three miles, and also, shortly, 
to Heeley and Nether Edge. The present sections are pay- 
ing very well. 

The Rotherham Corporation Gas Works.—At the latest 
meeting of the Rother' Town Council, a li discus- 
sion took place as to whether new gas works should be 
erected outside the town at an estimated cost of 72,0001., or 
whether the present old works in the town should be added 
to at a cost of 10,0001. The latter proposition was at last 
adopted, and will be acted upon at once. 
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THE PHILADELPHIA EXHIBITION; DETAILS OF 
MR. HENRY PETTITT AND MR. JOSEPH M. 
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THE PATENT OFFICE. 

THE perseverance in the proposed changes in the 
mode of printing patent specifications, causes us to 
wonder more and more what is the real meaning 
of “conservatism.” Of the four acting Commis- 
sioners of Patents, three, namely, the Lord Chan- 
cellor, the Attorney-General, and the Solicitor- 
General, change with the change of political party, 
So at present we have in office what are supposed 
to be ** Conservative” Commissioners. With them, 
so far as their actions will enable one to judge, con- 
servatism means the changing of existing institutions, 
and this infatuation for change is unfortunately not 
even tinctured with the redeeming feature of improve- 
ment. It is change for the worse nearly all through. 
Thus the Lord Chancellor brings forward a Bill de- 
signed to rob inventors of the facilities they have 
heretofore enjoyed, andthe Commissionersof Patents, 
of whom he is one, propose radical changes in the 
mode of printing patent specifications, not the least 
unpopular feature in which changes is that they will 
throw out of employment a large number of respect- 
able, deserving, hardworking men (some with 
families), who have devoted the best part of their 
lives to the work of lithographing~ patent drawings. 
Whether the additional work thrown upon patent 
agents will afford employment for 4 of the men 
in question remains to be seen, y the unfor-. 
tunate patentee should be mulcted in the expense of 
providing a third copy of drawings when the originals 
are coloured we are at a loss to conceive. The raw. 
ingsof this year’s patent specifications are tobe photo- 





lithographed, as we have already announced, and to 
this end the Commissioners have issued rules so im- 
perfect as to render it obvious that those who are 
answerable for the alteration do not fully realise 
the magnitude of the radical change that is to be 
made.. It would seem that the sheets of drawings 
are to be of the same size as heretofore, namely, 
29} in. by 21}in., or 21} in. by 14Zin, These, so 
far as we can understand, are designed to be re- 
duced by photo-lithography to the same size, or 
about the same size as the photo-lithographs issued 
by the United States Patent Office. hen we 
say this, we mean the same size as the edition of 
patent drawings printed and published by the 
American authorities for office use, certified copies, 
&c. The United States Patent Office issues three 
several editions, to which we shall presently refer, 
and we assume that the large size will be the one 
selected by our authorities as a guide. We may 
be wrong—because we arenot told by our authorities 
exactly what they contemplate. Perhaps they them- 
selves are as yetin the dark on this point, But if 
they have really made up their minds on the subject, 
they should certainly make known their intentions 
for the guidance of those who will have to prepare 
drawings for filing, otherwise muddle will ensue— 
not for the first time of late. 

As respects dimensions, all we are toldis that the 
extra copy of drawings must be on drawing paper 
of the same dimensions as the parchment drawing. 
Now in the United States they have had some years’ 
experience, and, in fact, it is from them our autho- 
rities have taken the idea of photo-lithographing 
the patent drawings. But in the United States it 
took a long time to get matters into their present 
state, and the rules as to drawings alone—tolerably 
full as they were at the outset—had to he elaborated 
from time to time until there are now about 20 folios 
of rules (with specimen drawings) for the guidance 
of those who may have occasion to prepare draw- 
ings for filing in the United States Patent Office. 
Yet although our cousins across the Atlantic with 
all their experience and practice, and famed as the 
are for brevity, found it necessary to issue suc 
minute instructions, and to state the size and 


&./ character of the photo-lithographs to be prepared 


from the drawings filed, our own authorities, be- 
ginning altogether afresh, though with the fore- 
going example before them, are content to issue 
less than 200 words by way of direction as to the 
character of the extra drawings to be filed with. 
final specifications, and to leave unfortunate in- 
ventors patentees, and their representatives to 
grope their way in darkness as best they can. We 
shall watch with interest for the result. It is not 
every one who can prepare drawings suitable for the 
photo-lithographic process—far from it—and we 
venture to say that the directions issued by our 
Commissioners, in so far as they aré definite, are 
based upon erroneous suppositions as to the best 
ssatoitole to use in making drawings intended to be 
photo-lithographed. Furthermore, the Commis- 
sioners will, we think, find themselves in error if 
they suppose the process is going to be successfully 
carried out in the heart of the metropolis, where of 
necessity there must be considerable vibration 
arising from traffic in the neighbouring streets, and 
when in consequence it is almost impossible to 

hotograph a drawing without getting more or less 
blurred lines in the photograph, 

In short, we believe that the proposed change will 
prove to be a mistake. We have sought to discover 
adequate reason for it, but have failed. We are 
aware that of every specification some two hundred 
and fifty copies are printed. No doubt as years roll 
on the accumulated copies take up a large amount of 
room. But if it has been found that it is necessary 
to print so many as two hundred and fifty copies in 
the first instance, and that as respects exceptional 
specifications that number ultimately proves exces- 
sive, surely after the time has arrived at which this 
is proved the surplus copies might be disposed of 
periodically even as waste paper. It must be re- 
membered, that regard being had to the enormous 
annual surplus revenue of the Patent Office, there 
is no need for cheeseparing. ~The real question is 
this. As patent specifications are printed and pub- 
lished for the information, guidance, and assistance 
of those who have to determine, in a way frequently 
involving questions of considerable nicety, the points 
of difference between one invention and another, 
and as, for this pu , it is réquisite to have the 
most complete mf tion (as inguished from 
such information 4% mere abridgments would afford) 
in an availablé form, will the saving in expenditure 





on the part of the Patent Office con under the head 
of expenditure we will include the value of storage 
room) more than counterbalance the additional ex- 
pense and inconvenience that will be cast upon 
inventors ard other persons interested in inven- 
tions? We regard it as a great advan to 
be able to obtain readily and for a moderate 
payment clear and exact copies of the drawings 
actually filed with a patent ‘specification, as well 
as a clearly printed copy of the final specification, 
with room for marginal notes, and a correct copy of 
the provisional specification for the p of com- 
parison, Although drawings are sometimes filed 
with provisional specifications, so that in practice 
one occasionally finds two sets of similar drawings 
in a single Blue-book, this is not frequently the case. 
But we contend that most serious inconvenience, 
delay, and expense will be occasioned by the neces- 
sity that will frequently arise for reference to the 
original drawings at the Patent Office, should the 
practice spring up of reducing sheets of drawings 
of the sizes at present filed into sheets of the sizes 
used by the United States Patent Office. The result, 
especially in the cases of complex mechanism, where 
distinctness is the more essential, will be very dif- 
ferent from the reduction to within those dimensions 
of the contents of a sheet only 15 by 10 outside, and 
even that reduction does not always give a clear re- 
presentation. 

Then as to abridgments. Under the rule. dated 
December 17, 1866, every applicant for a patent 
has had to file with his application an abridgment. 
These abridgments have been published in weekly 
parts with a most useful index, which in the con- 
venience it has afforded has amply repaid rahe it 
can have cost to produce. But itis notorious that 
these abridgments are unreliable, and, therefore, 
in themselves comparatively useless, The old 
abridgments in classes chronologically a 
were far better, though by no means perfect, The 
delay in their publication, however, caused much 
inconvenience, Under the rule dated May 17, 1876, 
the rule of December 17, 1866, will not remain 
in force after the 30th inst. Does this mean that 
we are to remain for an indefinite time with no 
abridgments whatever, and that any person desir- 
ing to make a search at his own residence will be 
compelled to buy all the specifications? If so, this 
is decidedly a retrograde step. But if it is in- 
tended to publish in weekly, or even monthly parts, 
abridgments oflicially prepared with a due regard to 
pisomsent and accuracy, the change will be for the 

etter, 

As already stated, the American authorities print 
and publish three several editions of patent draw- 
ings: one for office use, certified copies, &c., of the 
size and character of those attached to patents, the 
work being about 6 in. by 9} in.; one reduced to 
half that scale, or one-fourth the surface, of which 
four are printed on a page, to illustrate the volumes 
distributed to the courts, &c.; and one reduction— 
to about the same scale—of a selected portion of 
each drawing to illustrate the official Gazette. Now 
if our Commissioners wish really to consult the con- 
venience of those for whose use their works are pub- 
lished, they would do well to not only Asm all 
abridgments in weekly or monthly th a good 
index, but also to issue yearly volumes of abridg- 
ments in classes commencing from the point at which 
they left off the publication of the old officially pre- 
pared ty, ‘aman taking care, however, besides 
carefully and accurately preparing the abridgments, 
to have them illustrated on a small and economical 
scale, ‘This would be a ‘most valuable innovation. 
It is unfortunate that the abridgments published 
during the last ten years have represented in a large 
measureso much waste of money; but ifitis thought 
to redeem the credit of the department by ceasing 
the regular publication of abridgments, or by pub- 
lishing specifications only, and these in a less con- 
venient and clear form than hitherto, disappointment 
will, we feel assured, be the result. Though the use 
of a somewhat smaller type in the printing of the 
specifications is a change the advisability of which 
may be questioned, yet such a change would be 
infinitely more ona than the issuing of indis- 
tinct copies of drawings. 


THE STRENGTH OF BOILER FLUES. 

Tue letter of Mr. W. Cawthorne Unwin, ‘which 
appeared on page 482 of our number of laét week, 
reached us too to allow us to give along with it 
such remarks as the importance of the and 
the well-known reputation of Mr. Unwin seemed 
to us to call for, We are anxious now to correct 
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an im which he seems to have received, 
that we are putting forward Fairbairn's rule for the 
strength of Poiler flues with an amended coefficient 
as a reliable ical formula for engineering practice 


and as a substitute for Fairbairn’s rule with the 
9.19 index, We have notin this discussion said one 
word either for or against the latter rule. In fact, the 
rule is not before us, and Fairbairn himself in a foot- 
note published with this rule states what are the 
grounds for its not being now actually before 
practical engineers, He there gives a simpler rule 
which he says does not differ widely from the other. 
This simpler rule allows a higher pressure, and 
with some this is .a recommendation ; thus accord- 
ing to the example given by Fairbairn it allows 
560 Ib. instead of 502 Ib.; but eo complicated is 
the 2.19 rule that even Fairbairn or perhaps Mr. 
Unwin has not succeeded in applying it to that 
example, for the 502 ought to have been only 490.8. 
This is of little importance in itself, but, somehow, 
two numbers that begin with the same figure seem 
to be more nearly alike than when the first figures 
are different, and the little discrepancy shows that 
even the authors of the rule shirked the calculation 
by some allowable but not explained approximation. 

In our articles on this subject we have instituted 
a comparison of the Board of Trade rules for the 
strength of boilers with certain experimental facts, 
and our conclusion on the collapsing rule was ‘“ we 
do not mean to say that the Board of Trade rule is 
correct; indeed, we think quite otherwise; we 
believe it to be at best a makeshift.” If Mr. Unwin 
had taken what we had in hand—namely, the prac- 
tical form of Fairbairn’s rule, that which Mr. Wilson 
also referred to—the last line of the Table he has 
given (in fact, the only line where there is any con- 
siderable difference shown) would have stood thus: 


oes Same Rule with 
: By Fairbairn’s 
By Experiment. “Qs altered 
Rule, ae. Coefficient. 


420 

In Fairbairn’s experiments, however, there is only 
one example where the result would be more than 
10 per cent, different from that obtained by using 
the altered coefficient, and the above link is that one. 
Figures, it is sometimes said, can be made to prove 
anything, and if even the 2.19 index rule be worked 
out for the Washington tube described on 441, 
it will be found that the corresponding line will read : 

B i t By Bale hh * Rule 4 

Experiment. ’ x 
: Index. factor =6. 
130 238 156 

In this case the makeshift rule has the best of it, 
but we did not mean to criticise the rule with the 
2.19 index at all, for it is not the kind of rule which 
we consider to come within the line of what we 
may call ‘ constructive arithmetic.” We cannot 
consider as at all a practical a. the applica- 
bility of the 2.19 index rule by boiler-makers or 
even by Board of Trade surveyors. Professor 
Rankine thought as we do about this, for in his 
‘* Rules and Tables” he makes no mention of the 
rule with the index 2.19, but only gives that with 
the index 2. 

Mr. Unwin gives some weight to the last ex- 
periment cited because ‘it most nearly approaches 
the conditions of ordinary practice,” ere are, 
however, an immense number of thin tubes work- 
ing under external pressure in marine boilers, and 
the error of the popular form of Fairbairn’s rule is 
for these of t amount. A boiler tube 3 in. in 
diameter, 6 ft. long, } in. thick, would collapse at 

471 lb. per eq in. By Fairbairn’s rule, index = 2.19 
while it would be allowed a working pressure of 
67 Ib. by the Board of Trade rule, or, this latter 
rule, if applied to boiler tubes, would allow a 
factor of safety=seven if the 2.19 rule be cor- 
rect, Of course, the deterioration of boiler tubes 
is of such a character that it would be unsafe to 
allow such a pressure, unless while the tubes were 
quite new, and probably the factor of safety is con- 
siderably higher in Board of Trade practice, the rule 
before us being given for furnaces only. 

RR... a, Se given by Mr. > as 

upon Fairbairn’s experiments, and being a 
better exposition of the results obtained, is, when 
eae oe ee —— 
these experiments, sure to adopted many 
engineers. It is, therefore, important t we 
should analyse the working of the formula so that 


its value be more readily appreciated. Th 
rule in mearures in given, r 
P=5,858,150 — + 41,9065 +138385, 





/ being the length of the flue, d the diameter of the 
flue, and & the thickness of plates, all in inches, 
while p is the collapsing pressure per square inch. 

The crushing load per square inch of section is 
therefore : 


2 = 2,679,075 © + 20,058 k + 661. 


To apply this to an actual furnace, take the 
Washington boiler furnace tubes, made after experi- 
ment, 27 in. long, 54 in. in diameter of } in. plates. 


We have = =eay, 534, and the first term of the 


above expression becomes 50,000, the second term is 
10,471, and the third is 661, or altogether the tube 
will collapse when the crushing load applied is about 
61,000 Ib, on the square inch. But the absolute 
resistance to crushing is in wrought iron only 
‘about 36,000 to 40,000” lb. according to Rankine’s 
tables. We have no doubt that many examples 
might be given where this rule would work in very 
well, but one would almost require to know where 
to stop at, or awkward accidents might crop up. The 
collapsing pressure is in the above tube above 
1100 Ib. per square inch, but that is not very near to 
Fairbairn's 2.)9 rule, for the latter gives 1467 Ib., or 
a crushing pressure about 80,000 lb. on the square 
inch, just the double of what Rankine gives as the 
maximum crushing force which wrought iron is 
capable of resisting under the most favourable 
circumstances. 

Mr. Unwin very properly observes that unless 
some distinct reason can be given for adopting the 
index 2, Fairbairn’s rule must be taken to be much 
more reliable. Now the present direction of marine 
boiler improvement is to increase the diameter of 
the furnaces, to increase the length, and to increase 
the pressure, and we believe manufacturers and 
owners will go just as far in all these directions as 
the Board of Trade rules will allow them to go, and 
they will be glad to shelter in case of accident under 
a Board of Trade rule. However it may have been 
in Mr. Fairbairn’s experiments, with cold water under 
pressure, that the resistance increased faster than the 
square of the thickness, there can be no doubt in the 
mind of any practical man, that the actual resistance 
value of the plates of furnace tubes is much less than 
as the square of the thickness, when the peculiar 
conditions under which that resistance is to be relied 
upon are taken intothe account. The Washington 
boiler furnace of }-in. _— would in our opinion 
be practically weaker if the plates were made double 
the thickness. Our reason for preferring the index 
2 to the index 2.19 is, therefore, that 2 is less than 
2.19, and we would be glad to see the rule still 
further modified in the same direction, so as to 
reduce the temptation at present offered to increase 
the thickness of furnace plates. 





CAST-IRON RAILWAY WHEELS. 

Tue manufacture of chilled cast-iron railway 
wheels is a very important industry in the United 
States, upon whose railway system of 75,000 miles, no 
other class of wheel is employed to any great extent, 
at least, for passenger and freight rolling stock. 
There are a large number of cast-iron wheel works in 
the country, varying in capacity of production from 
450 down to 40 or 50 wheels per day, and such im- 
 orteaagg have been introduced into the manu- 
acture that, whereas some time since railway 
accidents arising from broken wheels were common, 
of late years such a mischance is almost unknown, 
One of the most important improvements in the 
process of manufacture was introduced some years 
since by Mr. W. G. Hamilton, at one time actively 
connected with the Ramapo Wheel Foundry. It 
consists in mixing with the pig iron a certain pro- 
portion of Bessemer steel, crop ends of rails being 
most conveniently used for this purpose. This 
mixture, besides improving the chilling qualities of 
the wheel, adds greatly to its strength, and even 
allows of the use of enthuagite in the place of char- 
coal pig iron. The Pennsylvania Rai Com- 
pany have erected | works at Altoona, where 
they manufacture wheels upon this system. 

We recently visited the works of Messrs. A. 
Whitney and Sons, of Philadelphia, one of the 
oldest and largest establishments for the manufac- 
ture of chilled wheels in the United States, and 


where the different have been brought to 
a stage of high ction. Built in 1847, the works 
present a le appearance of solidity, and are 


well designed for the i to which the 
are devoted. Alth in the city the apatom of 


running trains streets gives direct rail 


way communication to the works, the Philadelphia 
and Reading Company connecting direct to Messrs. 
Whitney and Sons’ establishment to deliver material 
and carry away the finished wheels. Of course 
the foundry is the most important portion of the 
whole works. It is a fine building 450 ft. long 
and 50 ft. wide, with two lines of rails running down 
its whole length, except opposite the furnaces. The 
rails are laid to a gauge of about 10 ft., and upon 
them are placed twelve light travelling cranes, with 
a platform attached to the centre post, and upon 
which the man working the crane stands, and con. 
trols its movements, both in hauling the moulds and 
ladles, and in moving the crane from place to place 
upon the line, the crane being geared for Wavelling. 
e floor of the foundry is so laid out that there is 
room on either side of both pairs of rails for a row 
of moulds, and in the centre of the building is a 
ath about 4ft. wide. Against one side of the 
uilding, and in the centre of its length, are five 
cupolas, three of 4ft. 6in. internal diameter, and 
two smaller ones of 18 in. in diameter. The former 
of these are employed in melting the iron for the 
wheels, the latter chiefly for experimental purposes. 
The three furnaces are —— into converging 
channels, all running into one large tipping reservoir 
from which the small ladles are supplied. The blast 
to the cupolas is furnished by a vertical blowing 
engine, with two blowing cylinders, one at the top 
of the machine and one at the bottom, with the 
steam cylinder between the two. 
The mixing of the irons for the cupolas is the 
most important and difficult operation in the whole 
course of the manufacture. Besides the steel scrap 


—for Messrs. Whitney and Co. employ Mr. Hamil- 
ton’s patent—nothing but charcoal pig iron is em- 
ployed, and of this from 12 to 20 different kinds all 


of the highest class are used in varying proportions. 
But these mixtures have to be altered frequently, 
owing to irregularities in the nature of the metal, 
and daily tests are made with a view of ascertaining 
what changes, if any, have to be introduced into 
the next day’s work. The proportions of the 
mixture ae decided upon the cupolas are charged, 
a ton of coal being put first in the bed of each 
furnace. The charge is then carefully loaded up on 
trucks upon a weighing pe. Piles of the 
various pigs are omg in their proper order around 
the truck, and there isa drum upon the weighing 
machine, on which a sheet of paper is placed and 
the weights of each different pig in proper order 
are written upon it. For instance the workman 
commences with 250 lb. of coal in his truck, he then 
places 1251b. of old steel rails, 125 lb. of cinder 
pig, 350 lb. of old wheels, and so gon through the 
ong list of charcoal pig irons employed, the old 
material being placed at the bottom of the furnace. 


The weighing platform is so arranged as to record 
the accumulating weights as the drum revolves, 
bringing before the workman the name and quantity 


of each successive ingredient which he takes from 
its respective heap before him. As soon as it is 
loaded the truck is raised to the top of the cupola by an 
hydraulic lift. The moulds when ready are placed 
down the building in four rows, one on each side of 
the two lines of rail upon which the cranes run. 
The patterns used are almost all in iron, and the 
chills in the moulds are of cast iron. One workman 
can, on an average, mould ten wheels a day, but all 
failures in the casting arising from any carelessness 
in moulding are charged to him on a rapidly increas- 
ing scale. S This s has been found necessary as 
the men are paid by the piece, and if only the price 
id per wheel were deducted for the spoilt cast- 
ings, a far higher average of failures would result, 
because the men come Mabie wages by working 
faster and more ae 
Before the metal in the cupola is ready to run a 
charcoal fire is lighted in the receiver before spoken 
of, in order to warm it, and also that when filled the 
metal may be covered with charcoal and oxidation 
checked. In a similar manner the ladles, of 
which there are a very large number employed, 
have burning charcoal placed in them, and they 
are coated internally in the usual way. These 
ladles are cylindrical pots made of sheet iron, and 
mounted each on a pair of wheels for facility of 
On the sides of each ladle are two 

sockets, into one of which the end of a long iron 
handle is i for hauling it along the floor, 
Also at each end of the axle is a square hole, into 
which is placed the end ofa handle with forked ends. 
The ladle being run up to the receiver the latter is 
gearing attached to it, and the 





ba ng tape edhe ag 
is charged ; it is then brought along the floor 
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to the crane, which takes hold of it, the two square- 
ended handles before mentioned are inserted in the 
holes in the axles, the ladle is raised, and the iron 
is poured into the mould. The chilled portion of 
the wheel sets almost as soon as it comes into contact 
with the chills, and in a very short time after the 
casting has been made the flasks are removed, the 
sand knocked away, and the red-hot wheel is placed 
on a trolly to be taken to the annealing pits. This 

rocess is one of the most important of the series, 
ff the wheel be allowed to cool in the open air, 
severe internal strains are created, which will some- 
times be sufficient to destroy the casting violently, 
and open air cooling was the active cause of failure 
in the early periods of this class of wheel-making. 

The annealing ovens in Messrs, Whitney and 
Sons’ works, are placed at one end of the foundry 
and below the floor, the top of the ovens being at 
that level. Besides these ovens of very large dia- 
meters for extra-sized wheels, chilled tyres, &c., 
there are forty-eight pits ranged in six rows of 
eight each. These rows are divided into pairs, each 
pair of sixteen pits being devoted to the reception of 
one day’s production, the period required for anneal- 
ing being three days. By this arrangement when 
the last two rows of ovens are charged, the first two 
rows can be emptied and refilled, so that the work 
proceeds without interruption, and in regular rota- 
tion. Twohydraulic cranes, with the booms revolv- 
ing upon a fixed post, are placed upon the floor, and 
command the while area occupied by the ovens, 
The boom of each crank is made double, and upon 
it runs to and fro a small carriage, from which hangs 
the chain, carrying at the lower end the hooks by 
which the wheels are handled. This attachment 
consists of three arms, with flattened ends turned 
over so as to grip the wheel. The upper ends of 
these arms are hinged together, and as they tend 
always to fall inward, they hold the wheel tightly, 
but by moving a single attachment the arms are 
thrown outward when it is desired to release the 
wheel, The motion of the cranes is controlled by 
one man, fixed stops being provided on the guiding 
apparatus, so that when the crane is adjusted for 
filling one oven, it remains in that position till it is 
thrown over to the next, 

The ovens or annealing pits are cylinders of sheet 
iron in. thick, about 66 in. in diameter, and of 
sufficient depth to contain easily eighteen wheels 
with cast-iron distance pieces between them. They 
are lined with brickwork, and being of considerable 
length, they descend into a lower floor. The lower 
parts are enclosed in a large rectangular chamber, 
one for each set of ovens. Within this chamber, 
and for a short distance above it, firebrick is used 
instead of orditiary brickwork as in the upper por- 
tions, and within the cylinder a circular foundation 
of brickwork is set, upon which are placed the 
wheels on being lowered by the crane. The whole 
of this weight then is transferred direct to the 
foundation of the building. At the end of each 
of the three rectangular chambers already men- 
tioned is a furnace, and each chamber is divided 
down the whole of its length by a perforated flue; 
through these perforations the heat from the furnace 
passes and enters the lower ends of the ovens. These 
furnaces are required to prevent the too sudden 
cooling of the castings, but only }ton of coal 
is burned for each full days’ production. Flues 
leading to the chimney carry off the heated gases 
from the upper part of the ovens, and so the process 
of cooling is thus very gradually earried on, until 
at the end of three days the wheels are ready for 
removal, The three large annealing pits mentioned 
above are somewhat differently arranged, To save 
room they are not carried down so low as the other 
ovens, but terminate at a height of about 7 ft. above 
the floor, each being supported upon a central 
column. When they are used a fire is lighted in 
the bottom of each pit, the wheels are placed in and 
— over, and the oven is allowed to cool gra- 


On being removed from the pit the wheels are 
taken into the cleaning and testing room. Here the 
sand is removed and the wheels tested by hammer- 
ing under a sledge as well as by a small hammer, 
while the tread is cut at intervals by a chisel. The 
heavy blows to which the wheel is subjected never 
fail in detecting faults when such exist, and when 
heen are discovered the wheel is removed to be 
broken up. About 10 per cent. of the whole pro- 
duction is rejected, but often this proportion is very 


rapes ry 
In order to keep the quality of the wheels to the 


desired standard a large number of test pieces are 


cast every day and submitted to examination. By 
this means an accurate know of the nature of 
the wheels, the character of the chill, and other 
points are obtained ; the data are carefully recorded, 
and if the tests are satisfactory the wheels corres- 
ponding to the test piece are delivered into stock, If 
not they are returned to be broken up, The sound 
wheels finally are taken to the machine shop, where 
they are bored, and if desired fitted with their axles. 
The tools therefore in this shop are few in number, 
consisting of three boring machines, a press for 
forcing the wheéls on, or for drawing them off the 
axles, anda number of lathes. The boring-machines 
were made by Sellers as long ago as 1848, and they 
have performed admirable work ever since. In two of 
these machines the wheels are placed in a horizontal 
chuck, consisting of a bottom plate, and a very 
strong iron ring, larger than the diameter of the 
wheel. At three equidistant points within the ring, 
are three cams turning on vertical pins, and which 
can be all actuated together. At asingle operation 
each cam is thrown out equally, and, as the centre of 
the chuck corresponds éxactly with the centre of the 
boring bar, the wheel is quickly and accurately 
centred as soon as it is placed in the machine, and 
the cams thrown against it. In the third machine 
the arrangement is somewhat different, an expand- 
ing chuck being employed to receive, centre, and 
hold the wheel. In each of these three machines 
eighty wheels can be bored per day of ten hours, the 
thickness of metal taken off being 3 in., and the 
ee of hole 7 in. 
he tool for putting the wheels upon the axles is 
a simple screw press, and calls for but little notice. 
It may be mentioned, however, that it is furnished 
with a crosshead, upon which the axle rests and 
which is raised and lowered by hydraulic power. 
The wheels are put on with a pressure of 42 tons. 
The capacity of Ticuns. Whitney and Co.’s foundry 
is 250 wheels per day; at present they are occupied 
in filling a large order of small-sized wheels for the 
Denver and Rio Grande Railway. It should be 
mentioned that hydraulic lifting apparatus is em- 
ployed throughout the works, the machinery for 
this ae having been furnished by Messrs. Sellers. 
The average life of a chilled cast-iron wheel of 
first-class quality is asserted to be 50,000 miles for 
passenger and 100,000 miles for goods traffic, If 
this be so, still the amount of renewals on the 
United States’ railways is enormous, but we believe 
that this is a high average, and that most of such 
wheels fail before they attain this mileage. The 
common mode of failure is a breaking away of the 
surface of the tread in spots, until large portions of 
the chill becomes pitted in shallow holes. The exact 
cause of this failure has not yet been ascertained. 
In some cases such wheels are turned down to a 
smooth surface, and again placed in service. 








THE BRITISH ASSOCIATION OF GAS 
MANAGERS. 

Durine the present week the thirteenth annual 
general meeting of that important and useful insti- 
tution, the'British Association of Gas Managers, has 
been held in the rooms of the Society of Arts, and 
a most successful gathering it has been. It is well 
within our own experience that a few years since 
the capacious meeting room of the Society of Arts 
was but thinly sprinkled with engineers and 
managers. On Tuesday and Wednesday last the 
hall and even the lobby were crowded to overflow- 
ing with members, @ fact bearing most significant 
testimony to the increased and increasing impor- 
tance of the Institution there represented. Formerly 
the sittings were comparatively short and the papers 
comparatively few. Now, thanks to the energy of 
the governing body and the zeal and efficiency of 
the secretary, Mr. W. H. Bennett, the members 
have to assemble earlier and to sit later in order to 
read and discuss the increasing number of papers— 
all of a very practical character—which are brought 
before them. Ina word the Association is one of 
the most successful of the representative profes- 
sional institutions of the country, and so long as it 
is conducted on principles conducing to the advance- 
ment of the science of gas engineering, and the 
unselfish promotion of the interests of its members, 
as it is at present, it will continue to be so. 

The proceedings commenced on Tuesday morning 
last m * the chairmanship of Mr. Robert Morton, 
Memb, Inst. C.E., the President of the Association. 
The ordi routine business of confirming the 
minutes of the previous meeting having been trans- 





acted, the election of new members took place, 


when fifty were added to the roll of the Association, 
bringing the effective number to 635, besides leavin 
a number of other nominations for examination “nd 
future election. That done the President delivered 
an inaugural address. In his opening remarks 
Mr. Morton observed that he had purposely made 
his address brief in order not to absorb time, which 
he was modest enough to say might be more pro- 
a devoted to the — and discussion of the 
valuable papers which would follow. He then re- 
ferred to the loss by death of seven ordinary mem. 
bers during the year and of one hono: member, 
Dr. Letheby, to whose memory he paid a passing 
and kindly tribute. He then referred to matters 
relating to the internal working of the Association, 
pointing out its continued increasing prosperity as 
exemplified by facts and figures, © question of 
a benevolent fund was then touched upon, the 
President insisting on the desirability of establish- 
ing such a fund upon a broad and firm basis, a 
sentiment which was received with expressions of 
warm approval by the meeting. The education of 
the gas are ers of the —s was then adverted 
to, the President very properly ing upon the 
members the great ienataney odtier tos com- 
mercial education one of a sound technical and 
professional character for youths intended for the 
work, thus raising the status of future gas managers, 
The labour and wages question and that of Sunday 
work were sensibly touched upon, after which the 
President proceeded to point out the various im- 
provements—fancied and real—which had been in- 
troduced to the notice of gas engineers during the 
ee year, prominence being given by him to Mr. 

est’s apparatus for charging and drawing retorts, 
which the President observed was admirably sui 
for small and medium sized works. After briefly 
commenting upon the subjects dealt with in some 
of the papers to be read at the meeting, the Presi- 
dent referred to legislative enactments bearing on 
and affectin companies, observing that the 
working of the sliding scale of dividends would prove 
of rather aay pe utility. He concluded by a 
notice of Mr. Crookes’ discovery of the fact that 
light was capable of conversion into motion, observ- 
ing that the discovery would probably, in the course 
of time, be turned to account by gas engineers in 
connexion with the operation of ascertaining the 
illuminating power of gas, and would thus have a 
real practical value. 

Atthe close of his address the President announced 
the premiums which had been awarded to the 
authors of papers read during the year. These 
were, first, the President’s gold medal to Mr. W. Cle- 
land, of Liverpool, for his paper on the ‘“‘ Economy of 
Force in Gas Works ;” the first premium of 10/, to 
Mr. G. Livesey for his paper on “ Hill's Liquor 
Process for Purifying Gas ;” the second premium 
of 7/,to Mr. J. Douglas, of Portsea, for his paper 
on the “‘ Systematic Testing of Consumers’ Meters ;” 
and the third premium of 3/. to Mr. G. Anderson 
for his paper on “ Building and Heating Retorts.” 


PIreECEWORK OR DayworkK IN GAS WoRKS., 


These announcements were followed ba reading 
of a ag Ae ‘* Piecework or Daywork as applied 
to the uction of the Labouring Force in Gas 
Works,” by Mr. T, Travers, of Cork. The author 
pointed out the difficulties managers had in dealing 
with the men who gave the most trouble in winter 
in connexion with daywork. He had introduced 
a system of piecework at his works with the stokers, 
who were paid according to the work performed, 
He paid so much per ton on the number of tons of 
coal carbonised, reserving 2d. per ton, which was 
handed over to the men at the close of the season 
if they had been attentive to their duties and had 
given no cause for serious complaint, The system 
had worked well for an entire season and continued 
to doso; the labour account was reduced and the 
gas account improved, the reduction in cost of pro- 
duction being equal to 5 per cent. There was more 
contentment amongst the men, it enabled a rest to 
be obtained on Sundays, and both men and masters 
were satisfied. 

In the discussion which followed, Mr, C. Woodall 
gave his adhesion to the piecework i but 
eared it could not be adopted in London gas works, 
much as he could wish to see it. Mr, G, W. Steven- 
son said he failed to recognise the connexion be- 
tween piecework and rae Mr, Hunter 
and Mr, Stout, of Boston, spoke from ex. 
perience of the efficiency of the piecework system 





in stoking, By pa the men at his works 
24d. per 1000 ft. of gas , Mr, Stout said he had 
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nearly doubled the wages of the men and was pro- 
ducing gas at one-half the cost of the time system. 
Mr ye gave his adhesion to the piecework 

tem, ioe explained the difficulties which had 
hitherto presented themselves in the way of its 
adoption at his works, He, however, intended to 
try it if it was possible. He considered it would be 
better to pay per 1000 ft. of er proanced than per 
ton of coal carbonised. Mr. . Spice observed 
that the rate of daily wages paid must govern the 
adoption of the piecework system, The rates varied 
considerably, and what would pay at Boston and 
Cork would not pay in London, There were 
several other speakers in favour of piecework, and 
one or two only against it, the oyeseeue holding 
that by properly looking after the men, as they 
did, as good results could be secured withont as 
with the piecework system. Mr. Travers in re- 
nlying upon the discussion explained the connexion 

tween the piecework system and Sunday rest. 
Under that system the men at his works gladly 
worked one-seventh time more each of the six days, 
and thus made seven days in six, resting on. the 
Sunday. He had tried the plan of paying per 
1000 ft. of gas produced, but owing to the variable 
yield of coal it did not work out satisfactorily. The 
payment per ton of coal lifted into the retort 
answered perfectly, ‘The men earned 31s. per week, 
which plus 2d. per ton reserved brought the pay to 
35s., with a day’s rest, as against 33s, day wages. The 
wear and tear account was neither increased nor re- 
duced, the wages account was reduced 6 per cent, 
and the produce of gas was increased 8 per cent. 
The President observed that Mr. Travers had said 
sufficient to induce the adoption of the piecework 
system in works of moderate size, but he thought 
it would be difficult to introduce the principle into 
large works, 


Concrete TANKS ror GASHOLDERS. 


The next paper was one by Mr. G. Livesey, in 
which he ptm +} further experience with concrete 
tanks for gasholders, The paper, which we print on 
another page, was an account of a tial failure in 
this class of structure, which the author hoped might 
profit others contemplating similar works, The tank 
was constructed in 1874 at the South Metropolitan 
Gas Works in the Old Kent-road. The main 
body of the tank was of concrete with an inside 
skin of Portland cement. It was 184 ft. in dia- 
meter, and 47 ft. deep, and was built on the solid 
chalk in a surrounding sandy soil. The tank was 
tested with water early in 1875, and was found all 
right, no —_ of leakage occurring. On the com. 
pletion of the gasholder in September more water 
was admitted, the holder being down, and there 
being an annular space of 2 ft. between it and the 
tank, ‘The water already in the tank had a tempera- 
ture of 40 deg., whilst that of the water admitted 
was $4 deg. Upon the admission of the colder water 
several cracks appeared in the Portland cement skin, 
which Mr, Livesey accounted for on the supposition 
that the colder water being supplied into the annular 
space caused the tank to contract and the skin to 
crack, An alternative theory was that the upper 
portion of the wall was not quite strong enough to 
resist the pressure owing to the backing of sand 
being slightly compressible. The defect, however, 
did not prevent the tank being used, and the leakage 
was getting less and less. If necessary the cracks 
pr easily be srppes by divers, In future Mr. 
Livesey said he should strengthen the upper part of 
the wall with hoop iron, and only admit the water at 
at a temperature of 40 deg. Mr, Spice considered 
the defect due to the admission of water at too low 
a temperature, but that the defect might have been 
revented by the use of a hoop-iron bond. Mr. C, 
V oodall considered it unwise to leave out puddle, 
and questioned the economy of concrete construc- 
tion. Other speakers supported Mr, Woodall, and 
spoke to the greater economy in first cost of brick 
and puddle over concrete tanks, It was also urged 
that cdntraction trom cold could not have caused the 
cracks, but that expansion from heat might have 
done so. Mr. Livesey, in reply, observed that a 
concrete tank was far better without than with 
puddle, and that the question of economy depended 
upon the circumstance as to whether bricks or the 
materials of concrete were the more ready to hand 
in the district. In London concrete was 50 per cent, 
cheaper than brickwork. The proportions he used 
were 1 of cement to 7 of gravel, clinkers, and other 
similar ar vonage tank was ye sap a _ 
outside 80 cracking could take place from 
ccntelen Bs tha Giseer pote: of the wall be- 





tween the piers. The President observed that the 
question of cost alone should not determine the 
nature of the materials to be used for a tank. 
Foundations must be carefully considered. Concrete 
should not be used on a bed of quicksand, as it 
would fail, but it might be employed on a good solid 
foundation. 
MECHANICAL STOKING. 

Mr. R. P. Spice followed with a paper on “ Me- 
chanical Stoking.” ‘This communication was a prac- 
tical comment upon the ascertained results of the 
working of Mr. West’s apparatus for charging and 
drawing retorts, as applied by him at the Maidstone 
Gas Works. The paper was based upon a compara- 
tive statement of the advantages of Mr. West's ap- 
paratus, and which had been prepared by Mr. 
Alfred Lass, public accountant. Mr, Spice first re- 
ferred to the amount of gas made per ton. Under 
this head he observed that there was an increase in 
volume of 427 cubic ft. without a diminution of 
illuminating power. With regard to the coke there 
was an increase of 33 bushels, owing to increased 
bulk, for every ton of coal carbonised during the 
nine months over which the working extended on 
which the report was made. With regard to the 
net proceeds of coke and other residuals per 
cent. on the cost of coal, Mr. Spice observed that 
the average of the metropolitan companies was 52.7, 
that of country towns 77.5. ‘The advantage over 
the metropolitan was 24.8 per cent,, the net cost for 
coal after deducting the proceeds of residuals being 
only 5.11d. per 1000 ft. of gassold. Under the head 
of wages ld. per 1000 ft. of gas sold was the 
economy. The net cost for coals and all wages after 
crediting the actual receipts for residuals was 8.51d. 
per 1000 ft. of gas sold, the cost of the coal into the 
store being 16s. 9d. Above and below all this the 
author observed that there was the diminution of 
muscular exertion in lifting coal, and a relief as 
regarded the severe and exhausting labour of manual 
stoking. 

In the discussion Mr. F. W. Hartley gave his ex- 
perience of nine‘months’ working, the results of which 
fulfilled all expectations and confirmed all previous 
experiments, Several speakers bore testimony from 
personal observation to the successful working of 
the system, Mr. Eldridge observing that the success 
was due to the fact that the coal was evenly and 
thinly spread over the whole retort, whereby the 
whole of the gas was taken out. He had adopted 
the process at his works, Mr. Spice replied to the 
few questions which had been asked during the dis- 
cussion, and the President observed that Mr, West’s 
system was a step in the right direction, and the 
most successful step yet taken. 


WASHERS AND SCRUBBERS. 

The next paper read was by Mr. C. Hunt, on 
‘* Washers and Scrubbers.”” The author observed 
that it was yet an open question which were the 
better, washers or scrubbers, or whether the two 
forms of apparatus might not be used conjointly 
with advantage. ‘There was, however, a growing 
preference for washers. The author defined the 
washer as that form of apparatus in which contact 
between gas and liquids was obtained by forting 
the former through a number of seals of indefinite 
depth. In the scrubber the same process of wash- 
ing was effected by means of a large area of wetted 
surface. After instituting a comparison between the 
various forms of washers and scrubbers, and noticing 
their functions and results, Mr. Hunt concluded that 
the balance of evidence was greatly in favour of a 
large area of wetted surface, or, in other words, a 
scrubber. 

In the discussion Mr. G. Anderson and Mr, 
Livesey agreed that there was a place in gas works 
for both washers and scrubbers, washers being used 
first, A number of gentlemen expressed their views 
and opinions upon the question of washers versus 
scrubbers, giving their varying experiences, and 
forcibly illustrating Mr. Hunt’s opening observation 
that the question was still an unsettled one, Mr. 
Hunt replied to the points raised, reiterating the 
views expressed in his paper. 

On Heatine Retorts. 

The last paper of the day was by Mr. W. Richards 
on “ Heating Retorts.” ‘The paper was an exhaus- 
tive one, the author considering in detail the best 
method of producing heat, of conducting it to 
the retorts, of preventing it from passing uselessly 
away with the air, and of preventing loss by radia- 
tion. The author gave his views very fully under 
each of these heads, pointing out the desirability of 





avoiding every obstruction to the free passage of 





the heat to the retorts. The discussion on this 
paper brought out contrarieties of opinion upon the 
subject of retort setting, showing the question to be, 
like that of washers and scrubbers, very far from 
settled. It was, however, generally agreed that 
the less brickwork used in retort setting the better. 
In replying Mr. Richards strongly insisted upon the 
removal of all obstructions to the free circulation of 
ae 7 The meeting adjourned at half-past five 
o’clock. 


Tue QuaLities or Iron anpD STEEL. 

In the evening Mr. W. Mattieu Williams de. 
livered a lecture before the members upon the 
different qualities of iron and steel, their manufac- 
ture and application. The lecturer commenced by 
referring to the general law of constancy of the 
properties of the metallic elements, and the apparent 
exception presented by iron. He explained that 
that was due to the fact that pure iron was practi- 
cally unattainable, the actual differences of the pro- 
perties of the different kinds being due to the fact 
that what was commonly called iron was an ad- 
mixture of that metal with various impurities. He 
then classified the different varieties of that mixture 
under the heads of crude or pig iron, refined iron, 
malleable or wrought iron, semi-steel, and steel. 
The composition of modern pig iron was described, 
the reasons of its impurity, and the influence of 
the different impurities upon the quality of iron 
wereexplained. The lecturer then briefly explained 
the processes of purification and their effects, first 
the refinery, then the puddling furnace and its 
accessories, and finally the manufacture of steel was 
treated, and the influence of varying quantities of 
carbon upon the properties of steel more particularly 
treated. The importance of the newly introduced 
homogeneous metal or cast semii-steel was especially 
described, the Bessemer and other processes for its 
manufacture briefly explained, and the uses to which 
that compound was now applied were specified, The 
lecture{was illustrated by diagrams and specimens, 
for some of the most interesting of which Mr. 
Williams expressed himself indebted to Messrs, 
Campbell and Morris, of the Landore Siemens Stcel 
Company, Westminster Chambers. 


Sunpay Lazour In Gas Works, 

The sitting was resumed at 10 o’clock on Wednes- 
day morning, when Mr. Corbett Woodall read a 

aper on the “ Reduction of Sunday Labour in Gas 

Yorks.” He first referred to the progress the 
practice of suspending work on Sundays had made, 
which was not very great in the metropolitan dis- 
trict. In some instances men kept to work on 
Sunday for the sake of the increased pay they ob- 
tained, whilst in others the men unselfishly yielded, 
and in some works the system had been introduced 
with good results. The author stated the method 
employed at various works for pee loss, or 
injury to retorts. by a cessation of work for 24 hours, 
He was in favour of the system, but the question was 
how to make 7 days’ gas in 6} days. That required 
an extension of the works, which meant extra cost 
for plant. He had, however, calculated that the 
extra cost would only amount to .53 of a penny per 
1000 ft. of gas sold. ‘The paper was followed by a 
lengthy discussion, which disclosed the fact that the 
Sunday rest system had been for some time past 
adopted in many worksin the provinces in England as 
well asin Scotland, and in almost every case with the 
best possible results. Those who were in favour of 
the system but had not yet adopted it failed to see 
how they were to get their men to accept a reduc- 
tion of one day’s pay per week, which they would 
have to do if they did not work. In answer to this 
it was stated that in some cases the men had con- 
sented to be paid per day at a slight reduction upon 
the weekly amount. In others managers had made 
no reduction and were none the worse for it, the 
men pulling well together to produce a 7 days’ 
supply in 6 days. Mr. Livesey said he had adopted 
the system, and that he paid the men for the time 
they worked. In order to prevent damage to plant 
he kept the coke in and shut out the air from the 
beds as much as possible, and found no injury to 
his retorts. There was a slight cost for fuel, but in 
the main the results were satisfactory. Mr. Warner 
stated that he not only found no loss but a positive 
gain from the adoption of Sunday rest. Mr. 
Paterson had tried the system and had lost by it, 
so gave it up, His retorts suffered damage, and he 
was of opinion that the only way to preserve the 
retorts was to keep the manufacture going. He 

ve his men a seven days’ holiday once a year, Mr. 
Gatr observed that one way in which Sunday rest 
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would affect the gas manufacture would be to bring |a nut, on which was fixed a guide-hook forthe driv-| Retirement of Mr. Merry from the Iron Trade.—After 
a better and more intelligent class of men to the|ing belt, so that the saloon tt thé screw to the right | being « ie . years ‘rab in ihe coal trade in the 
work of stoking, and so the produce of gas would | or left (by altering the position of the belt) increased | Airdrie ve ecale 
be more carefully and, therefore, more economically | or decreased the speed of the exhauster. He had is ae rg ae wake — 
carried out. Mr. Woodall in reply observed that} uged the arrangement at his works for some time Merry bas.now relived fous active ind th yee 
he was glad to find the Sunday rest system adopted | with satisfactory results. This paper—as indeed | of the ic concern, which is associated with the names 
in so many works, and that too with uniformly good | most of those read at this meeting—will, through | of Carnbroe; Ardeer, and Gi , into the 
results, here the contrary was the case there | the courtesy of the Association, be published by us. | h#nds of young Mr. a one of Craigends. Mr. Merry 
must be something wrong which doubtless could be | 4s time pressed the discussion on this paper was very | Wat a as the romp Be a 


righted, A few brief remarks from the President 
brought the discussion to a close. 


SuLPHUR IN Gas. 

The next paper read was by Mr, G. Livesey upon 
the subject of sulphur compounds. It was an inves- 
tigation of the question whether the reduction of 
those compounds was worth the cost and trouble it 
entailed. The author observed that it was the re- 
duction—not the complete removal—of sulphur from 
a trifle over 30 grains to a trifle under 20 grains per 
100 feet of gas with which he had to deal. Under 
ordinary circumstances, with gas from Newcastle 
coal purified by oxide of iron only, the quantity of 
sulphur in the gas made at the South Metropolitan 
Works from July, 1870, to the end of December, 
1871, ranged from 25 grains to 42 grains. The 
average during that period of a year and a half was 
32 grains in the 100 feet, by the gas referees’ test. 
The larger quantities sometimes heard of resulted, 
the author observed, from the lime in the purifier 
being allowed to become supersaturated with sul-. 
phur, which was consequently given off again. The 
proportion of sulphur was very small indeed, and its 
further reduction would involve a large extra cost 
for plant to the companies, who had already incurred 
heavy expenses in their endeavours to meet the gas 
referees’ requirements for its reduction. Moreover, 
it had never been demonstrated that 30 grains of 
sulphur were injurious to health, the amount was so 
infinitesimally small. Dr. Odling had most conclu- 
sively shown to the contrary. The objections to 
sulphur, said the author, were founded on prejudice, 
at were kept alive by ignorance. His conclusion 
was that the reduction was not worth the trouble 
and cost it entailed. The reported damage to leather 
and gilding far more probably arose from other causes 
than that of sulphur. In the discussion, Mr. Brothers 
observed that it was probable that, owing to chemical 
research, in a few years’ time gas would be perfectly 
purified, and that by means of an entirely new agent. 
Mr. C. Woodall observed that there was no proof 
that the slightest injury was done by the sulphur, yet 
he considered they should do their best to get rid of 
it, and he believed it would be eliminated in time. 


SERVICE Marns, 

In the next paper, Mr. W. J. Warner, of South 
Shields, treated of pipes and pipe joints. The paper 
was a very lengthy one, the author going far back 
into the history of pipes for conveying water and 
gas. In conjunction with the pipes he described 
various kinds of joints, finally introducing a joint of 
his own invention. This joint consists of a turned 
cylindrical spigot with a common socket. Over the 
spigot is a flanged sleeve, or sheath, of thin sheet 
lead. The flange is placed at the bottom of the 
socket, and around it is a packing of white spun yarn 
and then the lead. Thus far the joint is made in the 
usual way. On the top, in the middle of the socket, 
a hole is drilled, into which is poured melted tallow 
mixed with oil, which, running into the joint amongst 
the yarn, forms a kind of gland joint, and will prevent 
any escape from the joint if the lead becomes dis- 
turbed. According to the author, the lead sleeve 
keeps the spigot in the true position in the socket 
while making the joint; prevents the yarn getting 
through the joint, and allows of both a longitudinal 
and an axial self-adjustment. A very brief discussion 
followed the reading of this paper. 


EXHAUSTING APPARATUS. 

Mr. F. W. Fison, of Ilkley, followed with a paper 
descriptive of a new self-regulating exhausting appa- 
ratus which he had devised. He observed that as 
exhausters required but small power to drive them, 
steam engines were expensive both in first cost and 
maintenance in proportion to the work they had to 
perform. Hence the fact that exhausters were only 
to be met with in large works. To meet the require- 
ments of smaller works, Mr, Fison used Otto and 
prs isi adieotte engine. ihe tate of the flow 
of gas wasre y tus introduced between 
the engine and the ri a i The author used a 
pair of cones in connexion with friction wheels, 
and the rate at which the exhauster ran was governed 
by the position of the belt on the cones, Between 
the cones and parallel to their axes was a screw with 





brief, testimony however being borne to the ingenuity 
and efficiency of the arrangement. 


AMMONIACAL Liquor. 

The concluding paper read was by Mr. W. D. Child 
on the * Valuation of Ammoni Liquor.” After 
describing themethods generally adopted in the opera- 
tion of determining the value of the liquor, the author 
referred to his own test, the principle or theory of 
which was to ascertain by a comparative quantity 
of liquor and test acid the amount of S.O* necessary 
to neutralise all the ammonia contained in the liquor. 
This is done by using a solution of soda, a given 
quantity of which is sufficiently strong to displace 
all ammonia up to 20 oz, liquor, this ammonia being 
absorbed by a standard solution of sulphuric acid, 
each 100 grains of which represent 1 oz, S.O* per 
gallon of liquor, The balance of the test acid i is 
neutralised by an alkaline solution, equal volumes 
of which are equivalent to the standard acid 
solution. Asin the case of the previous paper, 
time did not permit of more than a few minutes’ dis- 
cussion in the present instance. Testimony, how- 
ever, was borne to the importance of the subject 
and the value of the test. 


GENERAL BUSINESS, 

Three papers had to be taken as read, including one 
by Mr. Copp on the removal of the dip, and another 
by Mr. Richards on the same subject. ‘The question 
of establishing a fund for the relief of necessitous 
members, or of those whom they might leave un- 

rovided for, should death overtake them, was then 


ully discussed, and the matter was ultimately re- 
ferred to the Committee to organise. fter some 
furtherroutine business, the provincial town in which 


the next annual meeting should be held was selected, 
the choice falling upon Bristol, the time of meeting 
being fixed for the second Tuesday in June, 1877. 
It was then announced that Mr. Robert Paulson 
Spice, M. Inst. C.E., had been elected President for 
the ensuing year, and Mr, W, H, Bennett re-elected 
secretary. ‘lhe election of seven more ordinary and 
two more extraordinary members wasthen announced, 
thus bringing the effective strength of the Society to 
644 members. 

The concluding business consisted in passing a 
series of votes of thanks to the authors of the papers 
read; to the scrutineers; to the Committee for the 
past year; to the treasurer; to the Council and 
Secretary of the Society of Arts for kindly per- 
mitting the use of their rooms for the meeting; to 
the President of the Association, Mr. Morton; and 
to the Secretary, Mr. Bennett, all of which we need 
hardly say were accorded with acclamation. 

A large party of the members and their friends 
dined together in the evening at the City Terminus 
Hotel, Cannon Street, the President ej Ke 
chair. Yesterday a visit was paid to the Beckton 
Gas Works of the Chartered Gas Company, which 
have now been completed so far as present require- 
ments are concerned, and which we shall notice 
next week. . 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—On Thursday last the pig- 
iron market remained very steady both forenoon and after- 
noon, and business was done at 57s. 74d. to 57s, 8d. Only 
asmall amount of business was done on Friday, and the 
prices were practically unchanged. There was a want of 
animation in the market on Monday. No business was re- 
ported in the forenoon, and at the close, both forenoon and 
afternoon buyers were offering 57s. 6d. A change set in 
terday forenoon, the market becoming very firm. A good 
iness was done at 57s. 10d. and 57s. 10} cash, and one 
month fixed, closing in the forenoon rather in buyers’ favour 
at the higher price sellers, 58s. The market continued firm 
daring the afternoon, business bei bay re one 
month fixed, closing buyers over, sellers were 
alittle quieter to-day, but no business was reported at either 
ing of the “ring.” The afternoon closing quotation 
was, 57s. 10}d., buyers 57s. 7}d. cash. re are 
still 116 blast furnazes in operation, as against 121 at the 
same time last year. Taking the local consumption of pig 
iron together with the — and what is sent away by 
railway, there is little iron going into ; even 
that small portion is being retained by the makers at their 
Sy ye works. Last week’s vy ema oe amounted to 
10,330 tons, as against 11,625 tons for the corresponding 
week of last year. 











than as an 4 
For a number of years he sat in the Honse of Commons 
for the Falkirk Barghs, including Falkirk, > 
Hamilton, and Airdrie, He was supposed to represent the 
ne tke cage in those burghs, but he never shone as a 
egislator. 


The Carmichael Statue in Dundee.—On Saturday next 
there will be unveiled at the Albert Institute 3 
Renee, ~ a erected he hopes bss the 4 

chael, the e " a i 
such lustre on that i intern enon: Se 

The American Steam Navvy.—In addition to. the 
powerful steam diggin; g machine that has for the last few 
months been doing such extraordinary excavating work in 
the deep railway cutting near the village of ill, 
ne of rn daggp type - now also soe its way 198 

ro another open cutting near ingston, and a 
third 1s about to commence ak nearer Heeiton, 

Callander and Oban Railway.—It is expected that this 
line will be completed as’ far Ys Dalmally, and ready for 
passenger tral, by the middle of July or the of 
August. The work is being rapidly pushed forward by the 


contractor, Mr. John Mackay. 


Steamship Rudder and Wer Eaperiments.—It 
be remembered that at the Bristol meeting of the Briti 
Association last year it was resolved on the recommenda- 
tion of the Mechanical Section to appoint a committee to 
institute experiments with a screw steamer. so as to be able 
to note the influence of various movements of the rudder and 
propeller so the course of the vessel. On behalf. of the 
application to the Clyde Trustere fot the privilege of making 
application e Clyde or the i 
the experiments with one of their hopper tt on the Clyde 
The application has been cordially granted. 

Remarkable Sailing of Two Clyde-bwilt Ships.—In- 
telligence was received in Glasgow a few days ago of the 
arrival of the ships Bay of Be and Bay of Biscay, the 
former at Liverpool and the latter at London. Both vessels 
left Rangoon river together on the 2nd of March, and were 
never heard of till they arrived both with the same tide, at 
their respective destinations. The passages of both ships 
are the fastest this season. Both vessels are identical in 
size and construction, and were built last r by Messrs. 
John Elder and Co. for Messrs. J. 8. G. Bullock and Co., 
merchants, London. 


NOTES FROM ‘THE SOUTH-WEST. 
Wye Valley Railway.—On Thursday a Great Western 
Railway pe goods train ran from Monmonth to 
Redbrook and back, i A ag up this portion of the 
Wye Valley line for goods 
West Central Wagon Works.—The West Central Wagon 
Works Company’s stock, loose m. shinery, &c., have been 


sold for 80001. Many s in the company were held in 
Bristol, 


Trade at Newport.—Newport is doing its share of what 
trade is to be obtained in steam coal, but any material im- 
provement in the house coal department is not anticipated 
until contracts which purchasers entered into with other 
districts during last year’s strike have run out. 

Swansea New Doc‘s.—It is officially stated that a letter 
a been coo sate wong Lords Rqacac ny ny of ane} 

seaty’s Privy Couneil, declini i sedans 
of a teeniasee Corporation to guarantee a certain sum per 
annum as rental for wharfage in connexion with the pro- 
ee re at Fabian’s Bay. The sum pi to 
guaranteed was 40001. 

Lydbrook.—Notices of a termination of contracts in a 
few weeks have been served upon the men—abont 400 in 
number—em se Messrs. Ri homas and Co. at 
the Lydbrook ti — works. A further reduction in 
wages is anticipated. 

Trade at Cardiff.—During the = week there has been 
an increase in the coal exports of Cardiff of 2320 tons, and 
the clearances amount to a total above the average of last 

. There has been, however, a falling off in the arrivals 
i theextent of 10,000 tons. Trade s remains in a de- 
pressed condition, and as prices seem to have reached their 
minimum, there is no downward tendency. 

Flexible Steel Wire Hawser.—We understand that a 
trial of the flexible steel wire hawser of Messrs. Bullivant 
and Allen, in comparison with hemp cable, is likely to be 
made at Devonport yard. The ers haye been invited 
to forward a sufficient quantity of their 8-in.. flexible 
steel wire hawser for trial of strength, &c., against a 25-in. 
tarred hemp hawser. 5 

Swansea Harbour.—It was at the Swansea 
the works adjoining the Biter Twwe was being deposited 

wor! ver Tawe was on 

i i that it was afterwards carried into the 

river, The Trust instracted their inspector to. obtain the 

necessary evidence in order to take proceedings against 
every one so offending. ’ 








sengers carried over the 
Wood, and Hammersmith and 
Monday last was 243,077. 


Murgoro.iran Ramwar.—The total number of oats 
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Each slab weighs 2% lb., and measures 6 in. square 

charge was suspended from the sides of the sh 

h eyes, and kept at the 
wooden 


latter, so that the 


he occasion, as, from the circumstances of 
docked, will exhibit the best 
ts. 
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CROHN’S UNISON EXPANSION GEAR. 
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Tuose of our readers who are acquainted with the side. 
lever engines of tug-boats will be aware that these engines 
are always made in such a way that the slide can be 
“tripped out of gear” with the main eccentrics, and then 
worked by hand, so that the engines can be easily backed 
astern or moved ahead. When a pair of engines are used 
they are always made to disconnect, and can be worked 
independently of each other, the main eccentrics being 
placed on the paddle-shafts. 

The expansion slides fitted to these engines at present are 
not of a description to prope: 
only fitted to the side or back of the slide casing, and so 
the large amount of steam contained in the jacket, amount- 


ing to a volume equivalent to from five to seven inches of 


the length of the cylinder, is only half utilised. 

All engineers are now agreed that to expand steam 
economically it should be cut off as close to the cylinder as 
possible ; and in engines for towing, winding, which 
have sometimes to be “ worked by hand,” the difficulty has 
hitherto been to arrange an expansion slide on the back of 
the main slide, so that it shall not interfere with the steam 

ne 





rly economise steam, being | that, 





is to couple one end of an expansion link for actuating the 
expansion slide direct to the main slide-rod or rocking 
shaft, as in the illustration, and the other end to an expan- 
sion eccentric. By moving the link up or down, as in the 
engraving, or in other cases by moving a rod in a ‘‘ Gooch’s"’ 
link, the expansion is variable to any extent, and wher 
the expansion is out of gear the two slides, both main 
and expansion, must of course move together in unison ; 
hence the name given to the gear. And even a gridiron 
expansion valve neither causes friction nor obstructs the 
steam in working the engines by hand. 

When applied to screw engines fitted with link-motion 
the benefit to be derived from this gear would be the reduc- 
tion of friction and the facility of & many-ported 
expansion slide instead of the usual one with only one port 
at each end. This gear is not more complicated than others 
for producing variable expansion, 





RAILWAYS IN THE WEsT.—The Devon and Cornwall Rail. 
way Company have divided to each shareholder 1081. 4s. 3d. 
for every 1001. stock subscribed. There are probably 
persons who have invested in some other local ways in 
the West who would be glad to be paid off on the same terms. 
The landowners who took the value of their land in Devon 
and Cornwall s ly do not repent thei in, 
_—s that in several instances the value of estates through 
which the line passes has been almost doubled. These facts 
may well encourage those who are endeavouring to extend 
the railway system westward. 


Norices to Terminate Contracts.—At Wyndham 
Pits, near Nantymoel, notice has been that the con- 
tracts existing between the Llynvi, Tondu, and Ogmore Coal 
and Iron Company, Limited, and all workmen employed in 
and about the pit, will terminate in 28 days from Saturday, 
June 3. There are about 400 men employed at the colliery, 
and trade has been so dull during past month or so 
that they have only worked four days a week. Itis reported 
i lof the dulness of trade, notices are 
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AIR-COMPRESSING PUMP. 


CONSTRUCTED BY MR. ROBERT WYLLIE, HEBBURN-ON-TYNE. 
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Ws illustrate above an air-forcing pump designed by Mr. | base them mainly on the facts presented by the nineteen re- 


R. Wyllie, of Hebburn-on-Tyne, for pumping acid to 
cisterns at a height of 80 ft. Three pumps of the above 
design have been working for three years night and day at 


pressures on the air vessel registering from 70 Ib. to 100 lb. | having an aggrega 


ferred to added to that of our own. 

THE BEST MATERIAL FOR THE SHELL OF THE BOILER. 
Answers to this question were received from those 

te of 1690 coal-burning locomotives 


per square inch, the valves only requiring new leathers | under their supervision, 276 of which are reported as having 


once every three or four months, and the only other wear- 
ing part being the guide of the discharge valve. Mr. 
Wyllie informs us that it has never been required to re-face 
the metal faces. In our engravings Fig. 1 is a sectional 
elevation, Fig. 2 is a cross section showing the back | 
suction and discharge valves, Fig. 3 is an elevation show- | 
ing the formation of suction valve at the front end of 
pump, while Fig. 4, subjoined, is a copy of diagram taken 
when the pressure in the air vessel was indicating 70 lb. 
and the pump making 188 strokes per minute. Each pump 
is 7 in. in diameter and 1 ft. 3 in. stroke, and is worked by 
a 10 in. steam cylinder direct. 
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The special feature of these pumps is the arrangement 
and construction of the valves. The suction valves are the 
ordinary leather flap valves mounted with iron and hung 
at a very slight angle with large openings for the admission 
of air. The discharge valves are reversed from the usual 
position, the guiding part being on the top; the guide is 
made tubular for the sake of better wear and a steadier 
work, a few holes being required to be made at the back of 
the disc to prevent the valve from being retarded in its 
action by any vacuum being formed in the guide. The 
face of the valve is mounted with a leather disc, 
which is fixed to the brass valve by an iron plate and 
rivets. The valve seat is simply the discharge opening 
faced up. The pump is kept cool by the admission of a 
small jet of water running into the small chambers formed 
outside of the suction valves, this water at the same time 
most effectually protecting the leather from the action of 
heat. The diagram is a good one, 








AMERICAN LOCOMOTIVE BOILERS. 

WE reproduce below, from our contemporary The Rail- 
road Gazette, of Chicago, a very interesting report on 
locomotive boilers and fireboxes, submitted at the recent 
‘* Master Mechanics’ Convention,” held at Philadelphia. 
The report is a very su; tive one, but we defer making 
any comment upon it ant it is all before our readers. 

REPORT ON BOILERS AND FIREBOXES. 
To the American Railway Master Mechanics’ Association : 

Gentlemen,—At your last annual meeting the undersigned 
were appointed a committee on the subject of the ‘ t 
Materials, Form, and Proportions of Locomotive Boilers 
and Fireboxes,” with the request that we should report to 
you, as the result of our investigations, such facts as might 
seem to us worthy of your attention. 

Your committee issued a circular in which such questions 
were asked as appeared to us most likely to elicit the 
desired information on the several subjects assigned to us 
for investigation. But, as these subjects covered much 
ground, the questions asked were necessarily numerous, 
and some of them of considerable length, we have concluded 
to omit them from our report, and in their stead to give 
only the substance of them, in. their proper order and 


B le ore conside these questions, however, we 
leem it proper, in justice ourselves, to state that out of 
about two hundred members ing to iati 


* tion, 
who are at this time in charge of Locemotive Dopast- 
ment on the different roads in the country—but nineteen 
of that number have made any to the circular of your 
committee. Therefore instead of being able to t to 
you conclusions formed from the experience a gr montis 
of the 


| 
express their preference for ce 
| senting 1088 consider steel to be the best material, all t 





tion of a very large proportion of those i 
locomotives in use int thy United Glahen, we axe 208 


steel boilers entire. Those representing 602 locomotives 


iron, while those repre- 


considered. 

We find that on roads where steel has been the most 
largely used, such as the Lake Shore and wer Southern. 
Pittsburgh, Fort Wayne and Chicago, and the Central 
Railroad of New Jersey, the preference by those in —_ 
is decidedly in its favour. The question between the 
use of iron and steel for the shell of the boiler, under our 
limited experience in the use of the latter metal, cannot at 
present be very satisfactorily determined. 

As a committee, we would call attention to the fact of 
the superior tensile strength of steel over iron, less liability 
to injury, or to prove defective from flanging and other 
manipulations, and to the fact that the cost of constructing 
a steel boiler, aside from the difference in the first cost in 
the plates, is no greater than that of an iron boiler, and 
that difference of first cost would not exceed from 100 dols. to 
200 dols. in the total cost of the boiler. 

If steel possesses greater strength than iron, and is 
equally or more pliable, then a boiler made of it should be 
stronger and safer than one le of iron, other thi 
— equal ; and where that is the case the matter of 
100 dols. or 200 dols. in the first cost is scarcely worth con- 
sidering. In the use of steel for the shell of a boiler, we 
would recommend that the same thickness of sheets be 
used that has heretofore been adopted in the use of iron. 
It is a matter of vital importance that the boiler should 
always have abundant strength for the peer carried. 
and in its construction and maintenance this matter should 
receive pre-eminent attention. 


THE BEST MATERIAL FOR FIREBOXES. 
To this question we have received the same answer from 
all, with the exception of Mr. Graham, of the Delaware, 
Lackawanna, and Western Rai All the others give 
steel the preference over any other metal. Mr. Graham 


Fig 1. 








Those engines in which anthracite 
hee | the long and shallow fireboxes, 
length, and the sheets reported as ruptur 
two years i 


Jersey, of rup 
We k, in his to us, refers to such sheets, but 
gives no data as to their number. 

The 1040 engines with steel fireboxes in which bitumi- 


nous coal was ey ae Gy Hae, the 
side sheets of which are from 5 ft. to 5 ft. 6in. long, and 
4 ft. 6in. to 5 ft. from crown sheet to the grate. 

The number of sheets ru in these fireboxes within 
the past two years is repo to be 125; of this number 
ol a side sheets, 3door or back sheets, and 1 tube 
8 


We also learn that in 118 of these side sheets, rupture 
occurred near the vertical centre line, and in nearly every 
case the crack was vertical. A few, however, took a more 
or less diagonal direction a part of the distance. 

e beginning of all these cracks was in every case re- 
rted at a stay bolt, hollow-stay, or rivet; and from 6 in. 

2 in. above the grate. In three cases reported side sheets 
have ruptured near the forward lower corner, the crack 
starting about 6 in. above the oo at a stay-bolt, and ex- 


tured sheets is not giver. 


tending upward and forward at an angle of 30 deg. from a 
i Only t back sheets are reported as 

ving yy oy In two of these the crack started from 
rivets at the fire door, and ing diago downward 


some 12 in. or 14 in. No report is made any crown 
sheets having ruptured, and but one tube sheet, which is 
stated to have cracked from some obstruction occurring in 
the water space below the tubes. We find that rupture, in 
the cases reported, occurred various nearly all 
circumstances, except when the boiler was under steam with 
fire on the grate. some cases it occurred while the boiler 
was being washed out, in others while filling with cold 
= —- pe My = empty, ¥F — Bnd 
coo lown and nearly cold; so e8 8 
a day or two, or while stay-bolts were being caulked, or 
other work producing a jar or vibration of the sheet; and 
in a few cases the rupture took place just after a fire was 
started in firing up, and before steam was raised in the 
boiler. It seemed to us that the questions demanding a 
solution, then, are : bats j fireboxes are ruptured under 
the circumstances named, and that the proportion of rupture 
in those that are long and shallow is so much less than in 
the deep and large boxes? Why is it that when rupture 
es place the crack is almost invariably vertical, and 
not far from the vertical centre line, and at a point where 
the heat is usually the greatest? Why is it that some side 
sheets rupture—others subjected to precisely the same treat- 
ment under the same circumstances, do not? is there 
ss remedy Ss will largely, if not entirely, prevent the evil 


With a view of being able to suggest a remedy, 
committee desired first to ascertain the cause; and in their 
circular asked such questions as seemed most likely to 












































Bottom of Firebox 


states that his experience has been with corrugated iron 
mostly, and on that account he gives it the preference. 
He states also that he is now using a steel firebox with one 
of the side sheets corrugated, while the other is , and 
that he intends doing the same with an iron firebox, in 
order to test the relative merits of corrugation, and al 
that of steel and iron, in the use of anthracite coal, which 
is exclusively used on that road. 3 ‘ : 
As steel of a low grade has so firmly established itself in 
favour, and is almost universally used for the firebox sheets 
of coal-burning locomotives, we do not consider it necessary 
to present the relative merits of steel, iron, and co > 
but we may safely conclude that steel is the best. St of 
a low grade seems to meet all the requirements, if we 
except its tendency to crack, in the case of the large side 
sheets of the o— a ant is not confined - 
steel, but reports show iron hi ne same tendency ’ 
an equal, if not greater degree, besides its liability to blister 
from imperfect welding in the process of man 
The tendency t6 oreck is not 
en crack is not co! 
steel, nor od one manufacture, but from the reports we 
learn that sheets have ruptured which have been made by 
all the different whose steel is in general 
use, both that made by what is known as the “‘ Siemens- 


to | Martin,” or open hearth process, and the “crucible.” 











Fig. 3 
wy 
E 
3 ¢ 
% 
x $ 
2 a 
o i) o oO J e o 4 F 
ee 
ees ee cee tees i Ring woe eeeeetee 





elicit the desired information, giving us the icular cir- 
cumstances under which rupture occurs and the conditions 
that existed at the time. ; 
From the reports made to us, we learn that there is a 
wide difference in the quality of the water used in the 
boilers on the several roads, in regard to its purity and 
deposits left in the boiler from its use. That used in the 
the Lake Shore and Michigan Southern, Kansas 
Pacific, Eastern Division of the Terre Haute and Indiana- 
Western Division of the Pittsburgh, Fort Wa: 


lis, E 
a Chicago, and Northern Division of the Illinois Cen 
railroads leaves heavy and solid its of scale on the 
heating surfaces. An is of water used on the 


Northern Division of the Llinois Central shows that it 
holds in solution 84 grains of solid matter to the gallon. 
‘Now the five roads referred to have in use 656 steel fire- 
boxes, and. in these 105 side sheets, or 8 per cent. of 
the whole number, have ruptured within past two 


years. f 

The other roads using bituminous coal, where water of a 

ssodion. o_o; gees ality is used in boilers having an 
te of steal fire xes in 


use, have had but 16 
8 ruptured, or two per cent. of the whole number of 
side sheets in them. 


From these facts it would seem that impure water, from 





which heavy deposits of scale are formed on the sheets, 
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518 
has very marked effect on the side sheets, as regards 
their tendon Wrap. 
We find, also, t wee Wt» You Or. ions the 
space, where rupture , was butSin. The 


water 

sheets, except in a few cases, were jg in: thick. Those re- 

pereet by ere sete ae ee is Central roads were, 
but } in. thie’ 


; ; 
Mr. Sedgley, of the Lake Shore and Michigan Southern 
Railway, reports that the water used in the boilers on that 
ibtained from lakes, rivers, creeks, and surface 
reservoirs, and that it holds in solution lime, salt, magnesia, 
ur, &c., and these substances are deposited in con- 
le quantities on the heating surfaces of the boiler in 
the form of scale.. On that road, with 304 steel fireboxes 
S pees ohh eras ines, 61 side sheets are reported 
to have ruptured within the past two years, and the scale 
on such sheets was about ys in. thick. 

This thickness is doubtless greater than that usually 
found on the side sheets, and may be the means of produc- 
ing the forces that result in rupture. Out of 608 si 
sheets, 61, or a fraction over 10 per cent., have cracked. 

On the Kansas Pacific road, with 94 steel fireboxes in 
use, 10 sheets have ruptured, being about 5+ per cent. of the 
whole number of side sheets ; and Mr. Waugh states that 
the scale on those sheets was about }th of an inch thick and 
a mainly of carbonates lime and alkali and 

, &e. 

Mr. Peddle, of the Terre Haute and Indianapolis Rail- 
road, reports that out of 50 steel fireboxes in use on that 
road, five side sheets have ruptured, being 5 per cent of the 
side sheets. He states that considerable scale had accumu- 
lated on those sheets, but the thickness could not be ascer- 
tained ; most of it had been knocked off in cutting out the 

eces preparatory to patching. An analysis of scale 
ormed from the water used was made by Dr. Jenkins, of 
Louisville, Kentucky, in 1873, and shows it to have been 
composed mely of the carbonate of lime and magnesia, 
with a considerable amount of alumina, some sulphate of 

ia, &c., producing a very hard and solid scale. 

the Northern Division of the Illinois Central road, 
where the water used in boilers contains 84 grains of solid 
matter to the gallon, the proportion of ruptured side sheets 
to the whole number in use is reported to have been 6 per 
cent. ; but on the Chi Division, where the water used 
contains but about 23 of solid matter to the on, 
the number of cracked side sheets to the whole number in 
use was but a little over 2 per! cent. On the Southern 
Division of this road, where about the same number of steel 
fireboxes are in use, and where no deposit is left in the 
boilers from the water used, except that commonly called 
mud, not a a instance of rupture has occurred in a 
sheet. The water used in boilers on the Western Division 
of the Pittsburgh, ;Fort Wayne, and Chi Railway is 
reported to be similar to that on the Northern Division 
of the Illinois Central, forming a hard scale. The number 
of side sheets ruptured during the past two years was 21, 
or 134 per cent. of the whole eolee in use. The water 
mage in., sheets } in. thick; 60 in. by 62 in. in 
size. We find that on several other roads where the water, 
in regard to purity, is rted medium, the proportion of 
ruptured sheets to the whole number in use a ivem 1 t 
2per cent. In one case, however, that of the Little Miama, it 
is 7} per cent. ; and in another, the Jeffersonville, Madison, 
and Indianapolis, the proportion is 4} perfcent. In these 
instances considerable had formed on the sheets that 
cracked, and we think it quite probable in case where 
sheets have ruptured in the manner stated, that more or 
less scale had previously formed on the sheet, preventing 
the water from coming in direct contact with it; and as 
scale is a poor conductor of heat, the sheet in such a case 
is likely to have been injured by overheating, not from any 
direct action of the heat tending to change the nature of the 
steel, but from strains brought upon the different parts of 
the sheet by —— expansion. While the sheet is clear 
of scale, it is in direct contact with the water, and while in 
that condition its temperature cannot much exceed that of 
the water, and no injurious strains can be produced in any 
pest of it from unequal expansion, consequent on unequal 
mperature. No instance is mentioned of a new and 
clean sheet ha ruptured ; but only those that have been 
in use long enough to have accumulated more or less scale. 
Your committee have examined a large number of speci- 
mens cut from side sheets that have ruptured under 
different circumstances, and find a wide difference in the 

uality of the steel as it ap at the time, rangi 
trom that which could be doubled down cold without 
showing any fracture of the turn, to that which could 
scarcely be bent at all without breaking. In some cases 
such pieces were drawn under a hammer, then tempered 
and found to be hard enough to cut iron, while others 
would not receive a temper at all; showing that there 


iB 


Was an 0) difference between the different sheets. 
If none t sheets that show a | r cent. 
of carbon, and which are hard and com ively brittle, 


ro known to crack, we might attribute this peculiarity 
entirely tothe nature of the steel inthe sheet ; but we find that 
sheets which were tough, so much so that pieces 
cut out immediately alongside the crack could be bent cold, 
just as taken from the firebox, and doubled down, the two 
send coming together, without showing a fracture at the 

; the turn in a direction parallel with the 
crack, and only about 2 in. from it. Yet such side sheets 


: 


a short time ago. The rupture 
ing in the house 


i 


{If the theory of expansion referred 





downward the direction was diagonal, the Loge being 
20 in. ; and the widest part in the crack was at the stay 
bolt at which it started, A, Fig. 1 (see page 517), and 
measured ysth of aninch. Parts of this sheet cut out pre- 
paratory tO patching were doubled cold, just as taken out, 
in a direction so that the turn was parallel with the crack, 
yet no fracture at the turn was produced. Fig. 1 repre- 
sents the part of the sheet in which rupture occurred, and 
the direction of the crack. 

Now it would seem that metal! showing|such toughness as 
the pieces cut out along side this crack could not be ruptured 
as this was, instantaneously and with a loud report. 
Yet these are the facts, and nay accord with those stated 
in numerous other cases. We may infer, then, that the 
quality of the metal does not always prevent rupture, 
though the usual tests may show it to be of the very best. 

Your committee are of the opinion that a combination of 
several causes takes place previous to rupture, and that the 
proportions of the side sheets also have much to do with 
that tendency. As stated before, in almost every case it 
has been in the large side sheets that rupture has occurred. 
Then we may inquire why these side sheets crack and not 
the other sheets in the firebox? 

Fig. 2, page 517, will serve to illustrate by representing 
a side sheet D. The line A B represents the top of the 
grate, E F the mud rising at the bottom of the firebox. 

We believe we are correct when we infer that at times 
and under certain circumstances the part of the sheet for Ja 
short distance above the grate, and for the greater portion 
of the distance between the tube and back sheets, marked 
C in Fig. 2, will become hotter than the other portion of 
the sheet surrounding it; and if hotter then it will be 
under a strain of compression from the larger and cooled 
part of the sheet round it. What the difference in the 
temperature of the part C and the balance of the sheet 
would be under the ordinary working conditions, we have 
no means of determining; but from the appearance of 
that part of the sheet, and of stay-bolts in it, in the 
fireboxes of coal-burning boilers, it is evident there is, at 
least at times, a marked difference. The point nearest where 
combustion is the most active will receive more heat than a 
point more remote, and as this point is immediately along- 
side the coal in the process of combustion, it will necessari 
receive the most heat, other things being equal. At suc 
times, however, as when the es evolved from the coal 
are undergoing combustion in the s above it, and 
the combustion is more or less perfect, it is probable that 
t difference in the temperature of the sheet at 


no very 
points above the top of the will occur. But by 
irregular firing, or by throwing the coal on the grate in 


such a way as to permit the air to be drawn through it in 
certain spots or holes not far from the sheet, it is evident 
that great changes of temperature at those particular 
places will occur, and that such changes will also affect to 
some extent the part of the sheet nearest to them. While 
the differences in temperature between different portions 
of the sheet are only such that the strain brought upon 
them by the corresponding difference of expansion does not 
exceed the elastic limit of the metal, no injury is likely to 
result. Now, if the sheet D, Fig. 2, was originally free 
from strain in all s of it, and the part C from unequal 
heating becomes of a higher temperature than the part sur- 
rounding it, then, as stated before, it will be under a strain 
of compression, and if the temperature of C is further 
increased above that of the other re of the sheet until, 
if free to assume a length through K L due to its tempera- 
ture, it would be } of an inch greater than the other part 
of the sheet will permit, and the elastic limit of C in that 
direction is but 7s of an inch, then C will be oyrmmmnen f 
shortened x4 of an inch, or the part of the sheet surround- 
ing it will be lengthened to that extent. But as the part 
C is smaller in section through IJ than the larger part 
and the mud ring to which it is rivetted, C is much more 
likely to be permanently shortened through K L than that 
the whole sheet will be elongated in the direction of and 
through G H, in which event C will be under a tensile strain 
in that direction, when the whole sheet becomes uniform in 
temperature, to the same extent that it was under compres- 
sion in the former case. But as the elastic limit of C is vs 
of an inch in the direction of K L, and as C only lost per- 
manently ys of an inch in the direction of K L, and as C 
only lost permanently % of an inch of the } referred to 
in the first instance, then when the whole sheet becomes 
cold, or of the same temperature in all its parts, C will be 
under a tensile strain to the extent of what its permanent 
loss in length was in the first instance, xs of an inch, and 
equal to the elastic limit of the metal. 

Within the limits of the varying temperatures to which a 
firebox sheet is subject, the expansion and contraction may 
be said to observe a uniform rate, being in proportion to 
temperature. 

Experiments made by Fairbairn and others a few years 
ago demonstrate the fact that the elasticity of steel began 

ually to decrease as the temperature was raised above 
252 deg. Fahr., or about 100 deg. less than the temperature 
of the water, with steam at the usual working pressure. 

It was also discovered that repeated es and re- 
moval of a load which is considerably ww the b 

ight of the metal will, after a number of such repea’ 

a a cause fracture. 

this be true, and if we remember that in the case of 
steel sheets the load is not only removed but is applied in 
the opposite direction, by alternate heatings coolings, 
the causes that result in rupture would 


every time a 
t 





in their several parts. Steel, as is well known, will bear 
great tensile strain, and can be elongated to a considerable 
extent before breaking, provided the strain is confined to 
one direction, but like iron, will break sooner or later if 
the strain is applied in alternate directions to an extent 
closely approaching the limit of elasticity of the metal. 
For further explanation of the effect of unequal tempera- 
ture in a sheet, Fig. 3, page 517, will illustrate, as between 
a large sheet anda short one. 

E represents a side sheet of a firebox, with a part im- 
mediately above the grate, marked D, cut from it, and 
independent, except at the end F, and corresponding with 
C, Fig. 2, the free end of D being atthe line B. Nowif we 
assume that the distance from B to C is 100 in., and the 
temperature of D is raised above that of the remainder of 
the sheet E to the extent that the expansion of D is one 
unit per inch greater than E along B ©, and that B has 
then reached a, then the distance from A to B will repre- 
sent 100 units of difference of ex ion. Now, if D had 
been attached at B so that the movement towards A could 
not have taken place, then the 100 units expansion referred 
to would have been absorbed in the elasticity of D, between 
B and C, under compression. But if the sheet is reduced 
in length, and the distance from B to C is but 50 in., then 
under the former conditions of temperature B would move 
but half the distance towards A, or 50 units, andif D had 
been attached at B only, the 50 units would be absorbed by 
the elasticity of D under compression. But the extent of 
compression in the one case, for each inch in the length of 
D, isthe same as in the otherlin. Now, if Dis of the 
same sectional area at all parts of its length, and of equal 
strength to resist compression and elongation, then the 
result would be the same, whether the distance from B to 
C was 50 in. or 100in. But as numerous stay-bolts are 
situated in D, the sectional area across it vertically, through 
the stay-bolts, differs from that between them, and when 
the greatest strain of compression is exerted in D it is the 
least elastic, and may lose a fraction of its original length 
on that account. If so, then when cooling off and heating, 
alternate strains are exe in turn; and if some one 
section across D is or becomes weak and less able to -bear 
these strains than the other points, then in the case of the 
long sheet there would be 100 units of elastic force, 
or a portion of them, that would tend to accumulate at 
such weak points, the same as occurs when compressive or 
tensile strain is applied to a bar of metal which is smaller 
at some one point and weaker than at others. If such force 
is greater than the elastic limit of this weak point, then the 
whole of the permanent change occurs there—it accumulates 
there ; and as this accumulation in motion or extent (but not 
in force) is greater in the case of a long sheet, so is the 
danger of rupture or injury from expansion and contraciion 
in the part subject to the greatest varieties in temperature 
most likely near the vertical centre line. 

In the use of large vertical sheets in a firebox, these alter- 
nate strains are constantly occurring with the change from 
the working temperature to that when the boiler is cold, or 
nearly so, as we have endeavoured to show; and it is safe 
to conclude that these strains in alternate directions (com- 
pression and elongation) finally result in the minute cracks 
80 Roy mgerol found extending mostly in a vertical direction 
from the stay-bolts in that part of the sheet subject to the 
greatest heat. 

As py eee if the part C, Fig. 2, has been over- 
heated, it will be under a tensile strain when cold, or at as 
low a temperature as the other portion of the sheet, and 
such strain may be so great as to equal the elastic limit. 
Now with a tensile strain in the direction of K L, Fig. 2, 
to that extent, and one or more small cracks extending in a 
vertical direction from one of the stay-bolts situated some- 
where near that line, it is not difficult to understand how 
or why rupture sometimes takes place. 

As stated before, we have not heard of a single case 
where a perfectly clean sheet has ruptured, and from our 
investigations and observations, we are led to believe that 
the principal cause which finally results in rupture of the 
sheet is the formation of more or less on the water 
side of it, preventing the water from coming in direct con- 
tact, and as scale is a poor conductor of heat the metal of 
that part of the sheet represented at C, Fig. 2, owing to its 
close proximity to the intense heat of the coal onthe grate, 
attains a ms cg temperature than the other portions more 
remote ; andas it cannot assume the proportions due to its 
temperature the metal is ‘‘ yet or shortened while at a 
high temperature, and when the whole sheet becomes cold 
when the tensile forces are developed and exert their in- 
fluence as heretofore explained, and result, ordinarily, in 
occasional leakage at the stay-bolts situated in that part of 
the sheet, and sooner or later in developing the small 
cracks so often found extending from the stay-bolts to the 
distance of 4 in. or more in a direction mostly at right 
angles to the line of strain ; and at times, under favourable 
conditions, result in rw of the sheet. 

The theory that the formation of scale is injurious to the 
sheet on account of its ——. in that condition a higher 
temperature than if clean, will perhaps not be called in 
question, and it will account for the fact that rupture 
occurs so much more frequently in the sheets of boilers in 
which water is used that leaves heavy deposits of scale than 
in those in which purer water is used, as was seen in the 
results on the Northern and that on the Southern Division 
of the Illinois Central Railroad; and also in the number 
of ruptured sheets in the firebox in use on the Western 
Division of the Pittsburgh, Fort Yous. and © Rail- 
way, and that of the Boston and Albany » where 
but one steel side sheet ruptured within two years of the 
rt ecbee ti bin jury tens hat 
8 i in injury sooner where the 

i itti volaaber body of water and 
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— will accomplish the same result as if continued for 
ours. 

From the replies to our circulars we learn that a very 
small proportion of sheets have ruptured in the long and 
comparatively shallow fireboxes in which anthracite coal is 
burned. This may be accounted for from the fact that the 
sheets are comparatively narrow vertically, and the grates 
at no very great distance from the crown sheet, and when 
in working condition there can be no great difference in 
the temperature of the sheet at the different points between 
the grate and crown sheet on that account, and if all 
parts of the sheet are of nearly the same temperature, no 
such changes from unequal expansion as that referred to in 
Fig. 2can occur ; therefore the tendency of such sheets to 
rupture should not be great. On the other hand, we find 
that rupture is confined almost exclusively to long and deep 
sheets. The reasons why itis more likely to occur in this 
class than in the former is the possibility of there being 
wide differences in the temperature of different parts of the 
sheet at the same moment. These reasons we have hereto- 
fore given, and explained in Fig. 2. The longer the sheet 
in the direction of the length of the boiler the greater the 
danger of final rupture, provided the sheet is proportionally 
deep. We learn from the reports that the different 
have made to us that sheets have ruptured under nearly 
all circumstances except when the boiler was under steam 
and with fire on the grate. From the theory advanced 
above, there ought not to be much tensile strain on the part 
of the sheet liable to rupture, under this condition, and no 
case of this kind has come to our knowledge. Rupture has 
frequently occurred when the sheet was cold, or nearly so, 
and after cooling down. In answer to the question why it 
is then likely to take place, we offer this as an explanation. 
After the water in the boiler ceases to boil, all circulation 
from that cause ceases, and the coolest water finds its way 
to the lowest point, on account of its greater density. Now 
both sheets forming the water space around the lower part 
of the firebox are exposed to the air, and as the body of 
water there is small, it will cool off much faster than above, 
near the crown sheet, where the body is much greater. 
and where the outside sheet is covered with a jacket, and 
as it cools faster at the botton than at the top, no ci 
tion whatever takes place, and thus a wide difference be- 
tween the temperature of the water at the bottom of the 
firebox and that near the top is likely to occur at each cool- 
— The temperature of the sheet, if free from scale, 
will correspond with that of the water in contact with it; 
but if covered with heavy scale it will cool faster and be at 
a lower temperature, and it is the force developed by this 
difference in temperature between the upperand lower partof 
the firebox, added to the tensile strain in the part C, Fig. 2, 
which was previously produced from other causes, that is 
likely to rupture the sheet. Sheets have ruptured when 
there was no water in the boiler; but in all cases, so far as 
we know, it had occurred soon after the water had run out; 
and if the water was of a higher temperature than the at- 
— at that time, the sheet would cool off in this case 
much the same as in the former, the upper part cooli 
slowest, and the result as to additional strains would be o' 
the same character. Filling a boiler with water of a lower 
temperature than the metal of thesheets has produced rupture 
in a large number of cases, and is the result of the contrac- 
tion of the metal through K L, Fig. 2, when the water 
reaches and cools it, while the part through G H L is still at 
a higher temperature. 

Several cases have been reported where rupture occurred 
ie eine a fire in the engine, and before steam was 


raised. 
Now it should seem that if the metal along K L was 
under tensile strain in that direction previous to starting a 
fire, that the heat imparted to it immediately afterward 
would commence to relieve that strain, and that rupture of 
the sheet could not occur under such circumstances. One 
of your committee made some experiments a short time - 
to determine the effect of heat applied to the outside of the 
sheet in heating the water in the water space, as regards 
the temperature of the water at different points between the 
bottom and top, during the time the water was being heated 
to the boiling point. A water space was constructed 24 in. 
inside, 10 in. high, 14 in. long. The sides were of 9, in. 
sheet iron, and the ends between the sheets were le of 
plate glass }in. thick. This water space formed one side 
of a square iron box, having a chimney on top and grate in 
the bottom, the top of the grate bars being 1 in. above the 
bottom of the water space. This space was filled with 
water at a temperature of 50 deg. A thermometer was 
introduced into the water space attached to a wire, so as 
-s be — _ — in the column of water go desired, 
e glass ends of the water admitting the reading of 
the thermometer at any int in the height of the column. 
The water space occupied the same position in this iron 
box as in the side‘of any ordinary firebox. A charcoal fire 
was built in the grate, and after a few minutes the thermo- 
meter, with the bulb in a line with the grate, showed a 
temperature of 55 deg., and a with the bulb just 
under the —- of the water shi a temperature of 80 deg., 
and when the temperature at the top of the te was 
raised to 60 deg., and after reaching!120 deg. at the bottom, 
the temperature at the top was 180 deg. temperature 
- the my ey ee ag ort the top and bottom showed 
increase from the m u i i 

tor A pward in proportion 
soon as the water commenced to boil in the upper 

part of the water space, the temperature at the hhedtess seep 





Now, this difference of temperature between the upper 
and lower of the sheet produces the same results, as 
affecting the previous tensile strain in the direction of K L, 
Fig. 2, that is produced by cooling down, or by putting 
cold water in the boiler while the sheet is at a higher tem- 
perature than the water; and if rup can be produced 
in the latter cases it may also in the former. 

In cooling down there was not so marked a difference be- 
tween the temperature at the top of the water and at the 
bottom. The water space being open at the top and ex- 
posed to the air, the temperature there would naturally 
fall faster than under the circumstances that exist in a 
boiler. A test with the thermometer, however, showed 
that when the temperature of the water was 122 deg. at 
the top, the temperature at the bottom was 114. ith 
two exceptions, in all the cases of ruptured sheets reported, 
not one is mentioned in which the crack took a horizontal 
direction. Some have been diagonal a part or all of the 
distance, but none horizontal. This may be accounted for 
from the fact that the line of greatest heat extends entirely 


around the firebox, parallel with the grate, and is doubtless | when 


a comparatively narrow section compared with the total 
distance between the grate and crown sheet. Therefore 


roads | the temperature on any one line around the firebox, at a 


iven height above the grate, will not greatly vary, except 
fhat it probably be less in the corners than on a line 
up the centres of the sheets, and strains produced from 
unequal vertical expansion of the sheets cannot be of such 
pegitate as to cause rupture on a horizontal line. Yet 
in portion of the side sheets, represented at C, Fig. 2, 
and also a corresponding portion in the end sheets, they 
will, when cold, be under a tensile strain in the direction of 
I J, which was origi produced by the same causes that 
produced that in the direction of K L, but of less propor- 
tions for reasons given above. But if the temperature of 
the sheets at the corners of the firebox always corresponded 
with that on a line at the centres of the sheets, no vertical 
strain whatever could be produced in any part of the sheet. 
It is only to the extent that the temperature of the corners 
differs from that along the centre of the sheet that any 
vertical forces can be produced. 

Now if rupture occurs at some point ome = L, Fig. 2, 
from strain in that direction, the crack will be vertical in 
direction its entire length, if no force is exerted in the 
direction of IJ. But if the metal is under a tensile strain in 
that direction also, the crack will take a diagonal direction, 
corresponding with the extent of two forces. 

As previously stated, all cases of rupture coming to our 
unieibden had tLeir origin in some one or more small crack 
at a stay-bolt, and from this inning, when the sheet 
was under great tensile strain, the crack starts, and when 
once started what is known as the “heaving process” 
comes into play—one particle of the metal after another 
giving way in succession, yet all 
tending the crack beyond where the forces were sufficiently 
great to initiate a crack. 

To explain why one sheet cracks and many others used 
under precisely the same circumstances do not, would be as 
difficult as to explain why one leaf of a spring le from 
the same bar as the others, and tempered, tested, and used 
precisely the same as all the others, and the same as those 


in many other springs like it, breaks, and yet none of the | think 


othersdo. There is doubtless a difference in some respects 
that it might be oe ge to discover. 

A reasonable, and, as we believe, a correct answer to this 
question is, that the metal in C, Fig. 2, is gradually reduced 
in area to a slight extent, principally in the direction of 
KL, from the causes heretofore explained, but still remains 
of such area that when the sheet is at its usual working 
temperature it is under some strain of compression while 
the part around it is under the opposite strain. The metal 
beng aes, to a certain limit C is slightly compressed 
and D, Fig. 2, elongated, and when cold C is elongated and 
D (or the remainder of the sheet) is compressed, the result 
of each in its efforts to accommodate i to the forces or 
influence of the other; and that ordinarily these forces so 
adjust themselves that they remain under all the circum- 
stances of varying temperature much within the elastic 
limit of the metal, and in this condition they may be con- 
tinued indefinitely without injurious results. 

From our investigation of the causes that often result in 
rupturing the large sheets of fireboxes, we conclude that 
some form of corrugation of that liable to the destruc- 
tive forces referred to will be most likely to be successful in 
preventing it. Such corrugations need not extend perhaps 
more than 30 in. above the grate to answer the purpose in- 
tended. We think it possible that four or five slight vertical 
channels between the alternate rows of stay-bolts, in the 
side sheets, will be found equally effectual. 

It is the tensile force only that results in rupture, or, 
ordinarily, what is nearly as bad, in small cracks at stay- 
bolts, and more or less leakage there; and if we provide a 
relief for that strain when it exerts its force, then rupture 
or injury to the sheet cannot occur, and the form of the 
sheet at part C, Fig. 2, that will relieve a tensile strain in 
the direction of K L will also relieve that of compression in 
the same direction. As rupture, or injury at stay-bolts, 
occurs in no other part of the side sheet than in the part C 
Fig. 2, it would seem to be unnecessary to provide relief 
for these strains in any part, and the several slight channels 
or corrugations referred to above crossing 
vertically, between the rows of stay-bolts, with the c el 


in the water side of the sheet, should by the iprings of the 
curve of the corrugations relieve indefinitely all strains pro- 


rapidly to the boiling point. duced by unequal expansion or contraction, without any 
«,heveral tests were made in heating the water from | danger of rupture or injury to the sheet. Such aeeeee 
: dnguees S the boiling point, with results varying but | tions need not, perhaps, be more than the thickness of the 
ttle from that given. sheet in depth, feginning a and ending the same ; 
tne 20m these tests we learn that after a fire is started on and if properly annealed, sheet will be left entirely free 
pa oe ge sd eer be 
ses. more a! to x, 
bottom, and that the differance is certain times as much curved sa may desired. 
as 60 deg. 'o be continued). 


being done instantly—ex-.| y 


THE WEAR OF RAILS AS AFFECTED BY 
. THEIR QUALITY.* 
ASHBEL WELCH, Esq., Chairman Committee of the 
a hee on Endurance, 
Guy ’ 
Srr,—At the time of the receipt of the circular issued by 
your committee soliciting information relative to the wear 
of rails, &c., I was in a similar effort to gather 
such information, ing my attention, however, chiefly 
to the question how many tons of traffic at a given speed 
could be carried by a given kind of rail. This > Which 
at the outset, I imagined would be com 
accomplishment, I soon found almost 
fact, ees seemed to 7 ompee, ow rape com- 
panies, wi! haps a few exceptions, ke: ost no record 
whatever of the places and dates at which rails were laid or 


of subsequent removals or changes of ition, while the 
yonsecs ot tents wert not made up jn sch owes as to 
enable the tonnage passing over | ven poin' deter- 

th er ae —— sittes appeared, 

e of your commi 

tat the more rxpentl aetna i rong, oma 
as com: with my inquiries, would elicit the 
desired inf tion ; but as I observed in the very interest- 
ing p which you haye publi facts 
outside of your own ban epee are given as to this most 
important point, I was led to resume the task which I had 
laid aside, and now present to the few results at which 
T have been able to arrive, aware orm a 
most imperfect solution of the question, in the hope that it 
may those having it in their power to secure the neces- 
cosy. tote tn.give.9 attention to the matter as will at 
some future day enable the truth in this i t subj 
to be ascertained. And just here, as a rail-maker, I wish 
to say to those of your body who are railroad men that the 
responsibility for the poor quality of iron furnished in many 
cases by the rolling mills rests with the railroad com 
for mee marvellous lack of attention to the point now in 
question. : 

The figures which I have to offer show plainly that a good 
iron rail will bear fully twice the traffic of a poor one, and 
yet neither the engineers nor the rail-makers have any 
adequate know as to the causes of this difference or of 
the effects resulting} from different methods of] manufac- 
ture; and, as a consequence, the railroad are 
not willing to pay the small difference in cost which a 
su r mi involves. 

+ would seem that a point so vital as this to the economy 
o! 1 e yosls be amang the fret tesseeive the 
attention of those charged with the maintenance of our 
sneds 4 neaghd ms quite certain that tg sn information 
which you railway engineers can ish imparted to 
us rail-makers, who at present}have no means whatever of 
orifying our preconceived notions as to what class of 
mai and method of manufacture should produce the 
most durable rail, our own interests would lead us at once 
to avail ourselves of it, trusting to results on your roads to 
warrant us in the additional expense involved. 

The es that I now present are all that I have been 
able to obtai I have suppressed none becanse they did 
not agree with any opinions of my own, and on the whole I 

the different circumstances affecting the 
which I have bean obtiged to, edops $0" pet ot tip 
whic ve obli at results 
that they agree remarkably well. ” F 

I am aware that my are not strictly accurate. I 
found at the outset that I must not expect that; but I be- 
lieve them to be not. so far from; the truth as to be alto- 
gether devoid of interest to you. 

The endurance of a rail depends not only on the character 
of the rail itself, but, as I shall show, in an even greater 
degree on the circumstances under which it is subjected to 
wear. The kind of fastening oma, ed, the profile and 
curvature of the road, and, above all, the character of the 
ballast and drainage of the road-bed, exert the most im- 
portant influence on the wear of the rail, 

In a paper by Mr. BR. Price Williams, read before tk 
English Institution of Civil Engineers, in March, 1866, which 
ae pg SESE 

inves su) . resi are given of t 
endurance of a considerable number of rails *t different 
makers laid side by side at different points on the Lanca- 
shire and Yorkshire Railway. I have plotted the results of 
these iments for four ki of these rails that were 
laid at the same goles in two series of curves; -the first 
grouped to show the life of the same rail at different points, 
and the second to show the life of different rails at the 
same point. A comparison of the two shows that there is 


a greater difference in the number of tons borne by the same 
rail at different localities, than in the capacity of different 
rails at the same place. 


Thus the relative amount of tonnage 


bo: the f 
kinds of rails compared, was as follows : cies ee 
































Kind of Rail. 
af - ae 
Locality. 3 :: | 
3 2 * : 
3| 88 i 
ie 
Liverpool 1 | 1.49 | 2.14 | 3.06 
Bolton... ... 1/1. 1. 1.42 
Hunt’s Bank ... 1/1. 1.82 | 2.45 
Wigan... 1 | 1.20 | 1.40 | 1.62 
Average .. .. «| 1 1297 1159 | 9.14 
* Contributed to the Rail Committee of the American 
sonoma cman icsirsare ib ai request for in- 
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that while there was a diff 


obtained from an average of 
avoid this source of error I have confined my comparisons 
almost entirely to the a 


a a 


Held 
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ce in endurance 
best rails of 1.00 to 2.14, the wear of 
f the road was nearly as 


It follows from this, that before we can make any fair 
comparison between the life of different rails, we must 
know the circumstance under which they were subjected to 
wear. It follows, also, that we cannot P 
the results of a few experimental rails lai 
are subject to frequent and careful inspection with 


roperly com 
at a point w 


a whole road. To 


f wear over an entire line. 
the destructive effect of 


o ue ly riction would, 
pe be independent altogether of the speed, 
these forces operate to wear out the rails in 
ion, we may not be seriously in error 


portant bearing endurance. 

It is probable that the strength of section should be con- 
sidered more with reference to the weight per wheel to 
which it is subjected than to the total load passing over it. 

heels undul — Jay Fh iy 
w ly in proporti strength of 
undoubtedly, wear out the 


nb of waffle was the same. 


proxi- 
ide of the point representi 
, or, in other words, that as ne 
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is road I confine my comparison to four lots of rails, 
the best iron rails, and one lot of 
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were out was as follows, being in the ratios to 

ares Ty the pooreat stated fw the final lamn : _ 

to give the names of A 

t Iam at liberty to B ; 

i te eee eee wee eee 

_The tonnage borne by the steel-to, 

given with accuracy, because as yet 











es’ 
~ A 
. F . 






\ 
KK 






























der the heaviest traffic to which they had been 


ed 60 Ib. ard | failed un ‘ 
. lis exposed. Wecan only compare them with the iron rails by 


which had failed under the 
: viz., 190 millions of tons of ons 


mile per pow, ane percentages were as follows : 


474 Per cent. of failures under 190 
60} million tons at one mile per hour. 


giving the peremunge fof each 
of cc: Viz 
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Or we may com the number of tons which in each case | The next chucking must be that for boring the hole and | strike the line D; then we mark on the line D the amount 
caused the same percentage of failures which we find to be : for ing the hub and that face of the eccentric ; and the | of the throw, measuring from the centre of the hole, and 
Tons of Traffic causing 7.4 per Cent. of Failure. third chucking will be done with the face of the hub bolted | we thus obtain the centre F from which we mark the circle 
Ratio. to the chuck plate by as many clamps as may be necessary | GG, which is only intended to be e in setting the 
A 1045 2.00 to hold it, but none of them exerti pressure save to| work, and need not, therefore, be of any particular 
B 75. 1.44 clamp the face of the hub to the chuck, or ratber to the | size. The markir will thus be completed, and it will be 
ee 52. 1.00 face plate. By this method, the outside of the eccentric | noted that the thi of the eccentric and the hub, and 
Steel top 190, 3.65 the height of the latter, have not been dealt with at all, the 

va ee ere re 
iron rails 1.00 Ao. em, since (providi course ere 

ery gt 2.50 kal tern pote to clean them up) they may safely be to 
the amoun' en off 


This is represented graphically in Fig. 2.| : 

The latter comparison more fairly represents the relative 
value pa the rails, which calling the poorest unity, would be 

s stated. 
‘ I made no inquiry as to the cost of the several kinds of 
rails laid in track, but I am quite certain that it bore no pro- 
portion to their relative value. 

(To be continued.) 








LINING OR MARKING OUT WORK.—No. IV: 
By Josuua Rosz, New York. : 

In measuring an eccentric to ascertain if it has sufficient 
stock to allow it to |be cleaned up all over, it is not suffi- 
cient to measure the thickness of the outside diameter, and 
the size of the bore only, because those measurements do 
not take the amount of the throw into consideration, and 
we have therefore to proceed as follows: 

In Fig. 17, A A represent an eccentric, into the bore of 





which, on the hub side, we place the centre piece, and mark 
upon it the centre of the hole. We then take a pair of 
compasses, and set them so that, when one point is resting 
in the centre of the hole, the other point will reach to 
within about a quarter of an inch of the extreme diameter 
of the eccentric, as shown above by the lineC C. We 
then, with a pair of compass callipers, find the centre of 
the line C C by resting the calliper leg of the same against 
the periphery of the eccentric, at one of the points where 
the line C C meets it ; and then with the compass leg of the 
compass callipers, we mark the line E, and repeating the 
operation at the other end of the line C C we mark the line 
F. We next take a straight edge, and placing it so that 
its edge is even with the centre of the bore of the eccentric 
and with the centre between the lines E and F, we draw 
the line Gg, upon which we may make our measurements 
as follows: After setting a pair of compasses to the 
amount of throw required by the eccentric, we place one 
compass leg in the centre of the bore, and with the other 
mark (on the line G) the line K, which will represent, at 
its intersection with G, the centre of the finished diameter 
of the eccentric, providing we mark off the whole eccentric 
true with the hole. Then we take a rule, and measure 
from the centre K to the ends H g of the line G, which ends 
should be equidistant from K, if the amount to come off the 
surface of the casting in the hole is to equal that to come off 
the outside surface. It very frequently happens, however, 
that there will be more to come off the eccentric on one side 
of the diameter than on the other, especially when the 
eccentric is put together in two halves; because, in facing 
up the two halves, preparatory to putting them together, 
and to make them bed well one to the other, it does not 
always happen that the same amount of metal is taken off 
each face. Again, the quantity so taken off is not always 
that allowed on the pattern for the purpose; so that, in 
practice, an eccentric casting rarely marks off true with its 
rough outline. 

_ Here, then, arises the consideration as to in what direc- 
tion we shall throw the lines. Shall it be to bore the hole 
true, or to turn the outside diameter true, with the casting ? 
The latter plan is always preferable ; because, if in turning 
up the outside diameter the first cut does not true it up, 
the tool point will scrape over the sand, after leaving the 
cut and before it strikes it again, to such an extent as to 
rapidly destroy the cutting edge, necessitating not only 
frequent regrinding of the tool, but also that its cutting 
speed be very materially reduced. After having roughl 
ascertained, in the manner described (which process will 


take but a few minutes to perform), that there is surplus | P® 


metal enough to clean up the eccentric, we may p to 
mark it out. 

It is much easier to mark off an eccentric on its plain side 
than on the side on which the hub stands, because of the 
projection of the hub; and, furthermore, the marking for 
the hole and for the diameter can be performed at one 
operation, which is impracticable on the hub side. But if 
this plan is not adopted, it necessitates that, atthe first 
chue , either the hole only shall be bored, in which case 
there no face true with the hole, and hence no guide 
whereby to set the eccentric at the next chucking ; or else, 
in turning off the outside face after the hole is red, the 
marks for the second chucking will be effaced. The main 
co tion, however, is that there is only one way to 
chuck an eccentric to insure its being as true as 
possible ; and the marking off must, therefore, be made to 
accommodate thechucking, the method andr for which 
are as follows: The eccentric must be chucked at the first 
chucking nearly true with the outside diameter, and with 

plain face outwards, so that that face may be trued up. 











will be turned true with a face that has been turned at the 
same chucking at which the hole was bored; while the 
eccentric will stand sufficiently far from the chuck to per- 
mit of the strap being tried on when it is A d, 
moreover, the skin of the metal will have been removed on 
three out of the four faces before either of the workin 
parts (the bore and the outside diameter) is finished ; an 
as a consequence, the work will remain true, and not warp 
in consequence of the removal of the skin. Furthermore, 
upon the truth of the last chucking only will the truth of 
the whole job ag ; and if the face plate of the lathe is a 
trifle out of trath, thé eccentric will only be out to an equal 
amount. It is not an uncommon practice (but a very re- 
prehensible one) to face off the plain side of the eccentric, 
and to then bore the hole and turn the outside diameter, 
with the plain face clamped in both ¢ases to the face plate. 
The fallacy of this method lies in the fact that, by such a 
procedure, the eccentric will be, when finished, out of true 
to twice the amount that the face plate is out of true. 

Taking all these considerations into account, we may 
mark off the lines for the hole and thickness of the hub, in 
the manner shown in Fig. 17, or we may adopt the plan 
shown in Fig. 18, which is perhaps the better of the two. 
From the four points A BC and D, we mark off, on the 
hub side of the eccentric, the centre of its diameter E, we 
then, setting a pair of compasses to the amount of throw 
required for the eccentric, mark off from the centre E 
theline F ; then, with a pair of compass callipers, placed in 
each case with one end against the bore of the casting, we 
mark the lines G and H, the junction of the lines F G and 
H being the required centre of the hole. We, therefore, 
strike from that centre, around the face of the hub, the 
line I, and mark it lightly with a centre punch, as shown. If, 
however, it should be found that there is not sufficient metal 
to allow the hole to be cleaned up if marked off true with 
the circumference, we must throw the hole a little in the 
requisite direction, endeavouring (for the reasons already 
stated) to keep the diameter of the eccentric as nearly true 
for the throw as possible. For instance, in Fig. 19, if we 
suppose that there is aninsufficiency of metal in the hole at 
A CE being the centre of the diameter of the eccentric, and 


EK the amount of the throw), we first set a pair of com- | ends C 


passes to the radius of the diameter, and from 
the centre E strike the circle F, which will show the amount 
of metal required to be taken off the ‘circumference of the 
work, and therefore to what degree we are able to throw 
the hole to accommodate the scant spot A. If there is more 
metal between the line F and the [periphery than the spot 
A lacks, the eccentric will clean up, and we may mark off 
the hole, allowing it to just clean, as shown by the circle L. 
It is, however, best, on small eccentrics, to |mark th 

circle L as large as the face on which it is marked will 
admit; because the larger the circle the less a slight want 
of truth in the chucking will affect the truth of the work. 
It will be observed that, in consequence of the centre piece 
standing above the level of the face (to the amount of the 
height of the hub), the circle F in Fig. 18 would be too 
small if marked with the compen set to the correct 
radius ; but since the duty of that circle is to merely in- 
dicate the amount of surplus metal on the outside diameter, 
it will be sufficiently correct on ordinary eccentrics, to 
mark it as directed, making a slight allowance of increase 
in setting the compasses to draw that circle. If, however, 
it should happen that the quantity of stock is so scant as 
to make it questionable whether the work will true up, 
then the centre piece may be lowered in the hole~to the 
level of the surface of the metal on which the circle L is 
marked, and the compasses may be set to the correct radius. 
The hole being marked, no further marking should be 
rformed until the eccentric has had both sides finished 
and the hole bored, when the diameter should be marked 
upon the plain side of the work, as shown in Fig. 20. 


Fig. 


21. 





After inserting the centre piece, and ing off upon it 
Recembeminre: the hole, we peed oy my, I OG; and 
finding the centre of its length, as already described, we 





the turner, who may accommodate 
the first side faced, according to the smoothness of the 
second cut, or a variety of other conditions which need not 
be here enumerated. If the eccentric has no hub, as is 
nag the case, it should be marked off as shown in 

ig. 18. 

After the turning is completed, the keyway or feather- 
way may be marked off, as shown in Fig. 21. Placing the 
centre piece on the hub side of the eccentric, so that the 
plain side may lie flat on the slotting machine table, and 
not require parallel strips or packing wherewith to chuck 
it, we mark off upon it the centre of the hole in eccen- 
tric ; and from that centre, we mark a circle whose dia- 
meter must be equal to the required width of the keyway to 
be cut. Then selecting the location of the keyway, we 
perme byw sponge gnony . hg = diam gh es 
n steele so that one of ii is just even 
one and the same side of each circle, we draw the line A ; 
and by repeating the operation on the other side of the 
circle, we shall have the sides of the keyway marked. To 
mark the depth, we make a fine centre punch mark at the 
requisite distance from the bore of the eccentric, and then, 
using the square shown in Fig. 22, we place one of its 

el with the outer edges of the two circles, and 
other edge fair with the centre of the centre punch mark, 
and scribea line along the latter edge and across the width 
of the keyway, the operation being shown in Fig. 22, A 


22. 
| a a 





being the square. When, however, there are a number of 
keyways of the same width and depth to be marked, it is 
more expeditious to make the gauge shown (together with 
its method of application) in Fig. 23, in which A ts 
the gauge, being a piece of sheet-iron about one- th 
of an inch thick, the curved line being of the same curva- 
ture as the bore of the hole in the eccentric, and the pro- 
jection B being of the required size of keyway. The ends 
C D are to be say beet (both in one direction), so that, 
while the projection B will lie on the face of the hub, the 

D (being depressed) will contact with the bore of 
the hole of the eccentric and thus serve to the gauge 
true with the bore. The gauge should be ca ly marked 
out and smoothly filed true to the lines. The small hole, 
shown near C, is to hang up the gauge by when it is not 
in use. 


FOREIGN AND COLONIAL NOTES. 

American Iron and Steel Imports.—The imports of iron 
and steel into the United States have experi a very 
great contraction during the last two or years. In 
1875 these imports were valued at 15,273,315 dols., as com- 

with 24,600,720 dols. in 1874, 45,764,670 dols. in 1873, 

794,227 dols. in 1872, and 47,919,926 dois. in 1871. 

English Steel in Belgiwm.—It appears from Belgian 
official returns that in the first four months of 1874 Great 
Britain sent 2700 tons of steel to ium. In the first 
four months of this year the corresponding exports declined 
to 487 tons. Belgium has also imported a smaller quantity 
of steel this year from other rl 

Steel Rails on the Northern Central.—In the course of 

tai Company laid 
down 6623 tons of steel rails for renewal purposes. The 
whole cost of these rails was at once debited to revenue. 

Railways in Newfoundland.—Mr. Sandford Fleming, 
C.E., has rted to the Newfoundland Government on 
surveys which have been made with a view to the estab- 
lishment of a railway in that island. The length of the 
proposed line will be 360 miles, and its cost is estimated at 
abont 2,500,000I. 

Light Street Locomotives.—Messrs, Porter, Bell, and 
Co., of Pittsburg, Pennsylvania, have recently shipped 
some light locomotives to New Orleans to replace mules in 
hauling street cars. The engines are covered in so as to 
resemble street cars; and being noiseless, they do not 
frighten borses. 

The St. Gothard Tunnel.—At the close of April, the St. 
Gothard Tunnel had been pierced on the Goeschenen side 
to the extent of 10,263 ft. The 4 


effected at the same date on the Airolo side was 
The aggregate distance pierced April 30, 1876, was thus © 
three miles 4253 ft. 

Public Works in Victoria.—The Legislature of Victoria, 
Australia, a a loan of 3,000,0001., for the con- 
of covtaia towne, too enschien 
development of other works of public importance, 
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MACHINE TOOLS AT THE: PHILA- 
DELPHIA. EXHIBITION.—No. III. 

Tue Exhibition: at Philadelphia is now formall 
open, and the machinery division, although, at the 
time of our writing, far from, complete in many. 
minor details, is sufficiently arranged to admit of 
some general remarks upon machine tools, . which, 
as predicted in a former article, form one of the 
most important classes in the Exhibition, 

It is a matter of some regret and surprise, however, 
that several of the leading firms engaged in machine 
tool manufacture are not represented. Among these 
we may name Messrs. W. B, Bement and Son, of 
Philadelphia, for the eastern country, and the Niles 
Tool Company, of -Uhio, for the Western States, 
The firm first named is so well known in Europe, 
that we need hardly point out how much has been 
lost to the machine tool display by this omission. 
The Niles Tool Works in the west stand almost alone 
in their practice, which compares favourably with 
that of Philadelphia or Manchester, and being a 
comparatively new firm it is strange that none of 
their tools have been sent to the Exhibition. 

The fact is, however, that the commercial depres- 
sion which has for nearly three years paralysed most 
branches of engineering manufacture, and especially 
that of machine tools, leaves but little besides pat- 
riotism as an incentive for exhibiting at Philadelphia. 
Every one knows that the want of a demand for 
manufacturing implements has causes too deep to 
be removed in a short time or by the effect of an 
exhibition, and too much credit cannot be given 
to those who, in the face of circumstances so adverse, 
have incurred great expense in sending and erecting 
their machines, without much hope, as in previous 
exhibitions, of reaping some immediate advantage. 

Among those interests in America upon which a 
demand for machine tools depends, railway construc- 
tion has the first place; the two things in fact seem 
to run parallel, not that so large a portion of the 
machine tools for iron and wood are required by 
railway companies themselves, but because the con- 
struction of new lines is the same thing as openin 
up a new market. On either side of such lines begi 
at once various manufactures in wood and iron, and 
every mile of new railway seems to demand a constant 
amount of machine toolg, so that the depression 
here in this branch of industry may be understood 
by comparing the enormous expansion of the mash f 
system during any period from 1865 to 1873 wit 
what is going on at the present time. 

We are not, however, framing an apology for the 
machine tool exhibitors. None is required, 
arrangement is, at the time We are writing, n 
sufficiently complete to warrant special descrip- 
tions nor to form 9 very exact estimate of this ] 
section when all is ready, yet we have every reason 
to think that foreign visitors will be surprised 
instead of disappointed. As we have already wid, 
our remarks at this time must be general, and to 
sum up our estimate by an American standard, the 


machine tool sections show an amount ot progress f 


much in novelty as in other and more pebuty 


which few s co 

characteristics, such as better fitting, better framing, 
less useless details, and, above all, an attention to 
the working qualities of the machines. Especially 
noteworthy is the uniformity among the machines ; 
they are, it is true, far from being all of one grade, 
and do not approach such a uniformity as exists in 
the machine tools made in Great Britain, but com- 
pared with ten years ago there has been a change 
which no one would have predicted, In order to 
make this more plain it may be lained that the 
practice of the country has been divided into three 
classes. At Philadelphia machine tools have always 
been constructed with a strong analogy to English 
practice, nothing was sacrificed to price, and quality 
was the first aim. In the eastern or New England 
states, where machine tool manufacture first began 
in America, there was always an attempt to adapt 
machines to particular wants, and a strong competi- 


tion between makers producing a uniform ie of 
tools to supply what may be called a popular market. 
The tools were efficient for 


particular uses, and 
were a marvel both in their arrangement and the 
price at which they were afforded. 

In the western country not many iron-working 
machine tools have been made until recent years, 
but the manufacture of wood-working tools. has 
for a long time been an extensive interest. . The 
genciive ene, dadiia yet, sme shamans i ay ity, 
presenting an anomaly which can scarce ex- 
plained. In the State of Ohio, for psa dv and 


|| within. «circle: of 150 miles, ped 
, - in tool; manufacture whose 


e., ‘ 
y | Others construct 


& | ment of any branclt of sk 
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tice, is of 
and ting ting. 
eastern plan, and.at one place may be seen English 
practice-of twenty years ago—lathes, drilling ma- 
chines, screwing , ines, and so on, modelled 
after the old Manchester standards in ev 
This last is of course exceptional, and the result 
of yy makers emigrating to the country, takin 
with them their. ideas, books, and, we may add, 
their conservatism. 

With this much in explanation of what is meant 
by a marked phangnsywarve uniformity, we will say 
that such ch not consisted in lowering the 
better ieadaties but mainly in an improvement 
of the lower grades of work. The causes of this im- 
provement have been many, such as the advance 
in scientific education, attention to foreign as well 


grade both in detigns 
tools on the New 


as home practice, and especially because the manu- } 


facturing processes have each year demanded 
stronger and better tools, both for iron and wood. 
Improvement has of course been greatest where 
there is a concentration of the machine tool interest, 
and we will venture a digression here to say that in 
order to understand the practice of either England 
or America this matter of concentration must be 
taken into account, 

At Manchester and Leeds, and other places near 
enough to lend their influence to each other, there 
has been developed what may be called the standard 
of English practice ; the result being an aggregation 
of experience and skill, constituting a common fund 
towhich each maker of tools has contributed and from 
whcih he has drawn his part, In America, Phila- 
delphia, Worcester, and Fitchburg are centres of tool 
manufacture, and give a stamp to the whole interest 
in all parts of the country. In Continental Europe, 
except at Chemnitz in Germany, there is no con- 
centration of the interest which leads to results as 


in England and America. Where such concentration | b: 


has been most complete improvement has been 
greatest, and it is a fair inferenté bad the errelon- 
ed man Sg ae depends 
upon the number engaged in it, and the facilities for 
intercourse between them, | 
Opposed to a convetitration of any manufacturing 
interest in one place is the feeling that to be alone 
in a business is to secure the local trade, and that 
ach city or placé should have its workshops of every 
kind ; yet there “ be no doubt that the mechanical 
pelvanitagiie Driven ; abour, especially skilled, 








ge of tool manufacture in 








such ester or Philadelphia, far out- 
wei mme advantage resulting from iso. 
lation, ‘’ 
A feature of ibits before commented — is 
a want of novelty, thatis, there are comparatively few 
special machines or implements in the machine tool 
ctions, at there are fewer than was expected, 






sections, at least 
aad hile this may. in. dome measure detract from 
ite W ‘Yfxhibition ht have had for 
ere is ay ling strange in 
: ‘fo prdcess ild not be shown. 
ere is no doubt, however, a greater number of such 
exhibits than would be shown in a similar exhibition 
in most European countries, The Americans have 
always paid more attention to the means of pro- 
ducing than to products. Their exhibits at Vienna 
and Paris proved this. Their workshops are usuall 
thrown open to visitors under circumstances whic 
seem strange to those who visit the country, but in 
this matter there has been a considerable change of 
Opinion during some years past, and since some at- 
tention has been given to the exportation of manu- 
factures. 

The Waltham Watch Company display a limited 
number of their machines, which are shown in opera- 
tion upon various standard parts of watches, such as 
wheels and screws ; but the company well know that 
a few out of their many processes, even if given the 
utmost publicity, would furnish but little information 
to those who would attempt a similar of manu- 


the fact 






facture. The whole system is a. co: chain, 
from which a missing link would all useless ; 
besides, theirimplements are made by; ves, and 





inieiacaiaieall 
th > . , os 00 R , ” fest . 
pnd vos afar inpocting oth pare eR my 
as isshown at P lelphia will understand what an 
csumining te Waltham Waekn, fal on leaving 
ing watches this bran ok incapetey mele cage in. On 


respect. | country ;” the quotation is from memory, 


mory, aD porters 
varies.in. words, but the substance is as given. , 
Pennsylvania Tack oa also exhibit nite ® 
number.of their special machines, a matter of some 
wonder, as this branch of manufacture, like that of 
wood screws, has been kept.quite exclusive,  «. 
Some other special machine tools such admit 
of intelli igent explanation will be, noticed in the 
descriptive portion of these articles, and when the 
Te neelir at coccinea caret 
, ¥ of. nov and , al 
mean. when compared : 





processes of metal working; but even reg: 
American stand, there is a noticeab: 
various .wood-working machines which. 
expected to see re nted'in the E aye n 
the whole the bits of wood-working. are 
numerous and many of them extensive, but they are, 
as we have said, confined with but few e ions to 
sawing, He pb ¥ g, tenoning, and 

ery or other ki of 


boring machines, for. jo; 
we bigs machin f lindrical 
utomatic turning ine or ¢ i 

forms is thus far re ted te single oy 
This branch alone should have furnished many in- 
teresting exhibits; it is one almost wholly of 
American origin, and comprises machinery of the. 
greatest ingenuity as well as diversity, A great 
share of ornamental turning as well as the nayes of 
wheels, bobbins, spools,, handles, whip - stocks, 
room-handles, rods, and go on are turned on auto- 
matic machines, none of which are shown except 
the lathe before named, one of the best, however, 
and to be again noticed. is vy quib De 

Oval turning, such as elliptical picture frames, and 
irregular turning for axe and mer pare are 
represented, as in the case of automatic cyli 
turning, by one machine each, A score 0: 
manufactures in wood, all of a standard kind, could 
be named which. are in no way represented by 
machine tools. ‘ 

With this we can find no fault: the Exhibition is 
to show products not machine tools, and however 
interesting or instructive it might have been for the 
public, common prudence that what has 
cost time and money to develop cannot with fairness 
be given away. What we desire to call attention 
to in connexion with this subject is that any one 
who forms an idea of American special wood-workio 
tools from the exhibits at Philadelphia will be co 
in error, The American wood tools at the Enfield 
Armoury alone, contain more that is 
novel than all that is exhibited at ia, and 
we may add that they are superior as examples of 
workmanship and adaptation to any wood-working 
tools shown at the Exhibition. : 

Having thus far pointed out mainly what seems 
wanting, it will next pacar, nigemare dp note some 
features of the machine tool exhibits in which they 
surpass previous exhibitions, First spe these is 
general , , especially in framing, In respect 
to this last, every one knows what diversity of 

inion usually exists in respect to any matter to be 

letermined by taste instead of exact standards, so 
te iruming of American machinesy max st 
t sight seem strange to those ih and Germas 
to, European and coppcially , Germ 
models, ie meee erialls Heal ae oer AE- 
tions, it. is dispc Pekin yas to straing with an 
Steam which as no parallel in Eui practice. 
This we are aware is making ac rable assum 
tenor The ace ea te 
the remark, but we think this ¢ Wil De yi 
fully endorsed by as many engineers a8 car ally 
inspect the various tools, ¢ those for metal 


working, nis’ 1d haga ih 
., 20 judge intelli sotig of machine framing two 


are not attainable except through means the same i 

as have Yc 9 ts is by long and | standards must be view—the resistance of 
tient experiment, coupled with the highest skill. strains and symmetry. These two things som ; 
e machines ited are no doubt, for ingenuity, | fall into but are generally in and it 

skill, and precision, the most ble that have | requires more than a hasty glance in most. cages.to 

ever been shown in any country. minuteness of pr Don aeprly, » maging frame coyney 60:318 $ may 

impossible to overcome, aside from this, and|_ 'y present time t 

j in comparison with ordinary macbine tools, | to be that the more metal is put ints feng. th e 
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better ; in England, the practice is to put in eno 
80 as to be sure to eles sem pan; ae te 
America it is endeavoured to use no more than 
is demanded. We do not in these remarks include 
many of the wood-working machines, which have 
framing so light as to be a wonder and at the 
same time an absurdity, but to metal-working 
tools, especially those constructed in Philadelphia 
and in the leading shops of the eastern country. 
The extensive exhibit of Messrs. W. Sellers and Co. 
ishes the most marked among many examples 
of carefully schemed machine framing. Most of our 
readers are familiar with the practice of this firm, 
and a great many of them no doubt have on first 
impression set down the proportions of Messrs. 
ers and Co.’s machine frames as too light and 
wanting in strength. That this firm follow very 
** close constants” is true, and for the heavy class ot 
work done in Great Britain the proportions of many 
of these tools would be light, but the firm know 
their market, and have no doubt given more atten- 
tion to developing proportions by actual tests than an 
one in the United States, if not in the whole world. 

In respect to the framing of wood-working ma- 
chines there are three types—one strong and sub- 
stantial co nding to the Philadelphia standard 
as it is called—a second class with lighter fram- 
ing, but well proportioned and well fitted, and 
a third class which we feel constrained to call the 
nickel plated type, in which ornamentation seems to 
have been the principal object aimed at. There is, 
however, one thing new in this latter named class 
of machines, some of them, notwithstanding the 
silver plating and burnishing, are very well designed 
and fitted, and if stripped of their gaudy ornamen- 
tation would be creditable examples of practice. 

In a previous article, and before the opening of 
the Exhibition, we gave some remarks upon machine 
ornamentation in America, and while the amount of 
such practice is even in excess of what was expected, 
it is almost wholly confined to a few firms, and in 
no case among the makers of wood-working machines, 
does there seem to be a neglect of passably good 
fitting for work of this kind. 

It may be remarked here that the exhibits of Mr. 
Whitney, of Winchendon, U.S.A., and M. Arbey, 
of Paris, are not ready, the French machines being 

tin the shipping cases, so that our remarks thus 

ar do not include these two exhibits. Both of these 
8 are, however, well known to the engineering 

world, and it is not difficult to foretell what place 

their tools will have among those now in position. 

American hand implements for wood and metal 
working are very well known in nearly every 
country. The display of such implements in the 
Exhibition is extensive, and very complete, espe- 
cially in the higher grade of implements, such as 
screw-taps, reamers, milling tools, measuring in- 
struments, and so on. We incline to the opinion 
that except the watch-making implements before 
mentioned, the small tools for metal-working show 
a higher eof constructive skill than any other 
thing in the whole Exhibition. 








AGRICULTURAL IMPLEMENTS AT 
PHILADELPHIA.—No. II. 
Tue number of horse-rakes exhibited at the Cen- 
tennial is very limited, and while most of them show 
workmanship and proportion, there are few 
specialities of detail to place on record. As a rule, 
they are lighter than similar implements made in 
England, but not one of them compare favourabl 
we think with those produced by first-class Englis 
manufacturers—Messrs, Ransomes, Sims, and Head 
for example. The Canadian rakes are decidedly 
inferior to those exhibited in the United States, and 
such an implement as that of Mr. T. Ellitt, of Peter- 
boro’, Ontario, could scarcely make a creditable 
show in the field. It is a large comlinéd rake and 
elevator, and carries within a rectangular frame, a 
} elevator frame, across the top and bottom of 
which is a roller receiving endless bands carrying 
cross-bars armed with teeth. Motion is given to this 
contrivance from one of the main shafts of the ma- 
chine through two endless chains. Apart from the bad 
proportions of the apparatus, the whole scheme is 
to our mind entirely unsuited for the p we” 
somewhat similar device was recently brought to our 
notice, when we were told that the inventor pro 
to exhibit one at the forthcoming show of the Royal 


tural Society. If so, an o will be 
orded of j g of its essness or the re- 
verse, Mr. of § , Ontario, and J. 


HarrisandCo., St, John’s, New Branswick, both show 


rakes, in which the teeth are raised by means of a 
pinion at the end of the lever working in a toothed 
uadrant. The mechanism lifts a wooden bar placed 
over the teeth for the full width of the machine, an 
iron loop ing from the under side of the bar 
around each tooth. Mr. J. F. Keller, of Hagers- 
town, Indiana, shows a well-made rake, the mode of 
ing the teeth being shown in the sketch, Fig. 5, 
from which it will be seen that the main bar is of 


wood, to the side of which are attached by screws a 


number of iron clips, under which the bent ends of 
the teeth pass, and lie in a recess made in the angle 
of the beam under the clips, In the beam are formed 
a number of openings, one of which is shown in the 
sketch, for the passage of the teeth. Lee’s combined 
horse-rake andar tedder, exhibited by the Keystone 








Agricultural Works, Pottstown, Pa., is chiefly to be 
noticed, on account of the appendage to which it 
owes the latter part of its name. This is a frame 
projecting from the rake, and carrying at its extre- 
mity a spindle, to which motion is given through 
spur gearing from the main wheel. On each end of 
this spindle is placed a beam of the form approxi- 
mately shown in the sketch, Fig. 6, and these beams 
are connected together at each end by bars at a a. 
Upon these bars are twisted springs, secured at one 
end, and terminating in a curved tine at the other, 
the object being, of course, to give elasticity to the 
teeth when throwing the hay, and so to make the 
action more violent. Two other modes of teeth 
attachment are shown by the accompanying sketches, 
Figs. 7 and 8. One of them—that shown by Fig. 
—is that ad by the Farmer Manufacturing 





Company, ows Falls, Vermont. In it the 


| bracket holding the tooth is formed with a ane 

| which passes over the former at a, while the end of 
the tooth is bent, and enters a hole in the bracket at 

6. The other fastening, Fig. 8, which explains itself, 

| is seen in the exhibits of the Marry Manufacturing 
Company, Newcastle, Ontario. 

The Richardson Manufacturing Company, of 
Worcester, Mass., show a peculiar and very well- 
made implement, called a hay tedder, in which 
motion is transferred from the wheel through gear- 
ing to a crankshaft carrying four connecting rods, 
two other similar connecting rods being attached to 
cranks outside the main wheels. The whole of these 
connecting rods are pinned to as many oscillating 
arms, vibrating each on a short standard bolted to 
the frame of the machine. ‘The end of each arm 





carries two tines, arranged as shown in the sketch, 
Fig. 9, from which it will be seen that a cross pin 
passes through the end of the arm, and has attached 
to it tines formed at one end of spiral springs. 

The mode of fastening the teeth to the frame em- 
ployed by Messrs. B.C. Taylorand Co., of Dayton, is 
shown in the accompanying sketch, Fig. 10. A 
casting a is bolted to the frame, and has formed on 
it two lugs with holes in them, through which the 
teeth pass to right and left alternately; the teeth are 
further held in position by the bar and iron loops. 

The Wheeler and Melick Company, of Albany, 
New York, show some well-made rakes. In one of 
these the teeth are raised by a footlever, which par- 
tially coils two spiral springs placed upon the wheel 
shaft, which is divided into two parts, This ar- 
rangement, which acts in the same way as a coiled 
door spring, is very simple and effective. In a second 
take, the teeth are raised by a system of levers con- 
nected to the draw-bar of the horse, and so arranged 
that until the lever is thrown over, the draught of 
the horse helps to keep the teeth to their work, but 
as soon as the lever is moved the draught is utilised 
to tip the rake. 

The thrashing machines exhibited are character- 
ised by many essential differences compared with 
those made in this country, and are not adapted for 


7 | producing such good work, although the quantity 


turned outis large. Take, for example, the 





exhibited by Messrs. Russell and Co., of Massillon, 














- June 23, 1876.] 


ENGINEERING: 


525 





PAPER-CUTTING MACHINE AT PHILADELPHIA EXHIBITION. 


CONSTRUCTED BY MESSRS. BROWN AND CARVER, PHILADELPHIA. 
(For Description, see Page 527.) 
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Ohio. The view, Fig. 11 on the opposite page, gives 
some idea of the arrangement, and is the best we can 
obtain, drawings and even photographs of these ma- 
chines not being available. The man feeding, stands 
on the platform a, shown fastened up in the engrav- 
ing, a method open to many obvious disadvantages. 
The feeding hopper is at 4, and the drum is an open- 
framed structure, with large teeth projecting from 
hoops placed around the frame at intervals, The con- 
cave is placed at the bottom of the drum, and is 
armed with similar teeth. The grain falls upon an end- 


less apron shown at c, on the upper side of which are 
fastened slats at short intervals, These carry grain 
and straw to the upper part of the machine, the straw 
passing out at the end, andeither falling on the ground 
or being delivered upon an elevator, as shown in the 
drawing ; this elevator is driven off a pulley on the 
endless apron spindle. The grain, in falling to the 
riddles below, is exposed to a blast, the force of which 
can be regulated at will, and after passing through 
several shoes it finally is delivered at one side of the 
machine. The tailings, which are carried on the 
riddles to the forward end. drop into the elevator d, 
and are carried up an endless sary to be delivered 
again to the drum from the point ¢. Aspeciality in 














these and most of the machines shown, is the mode 
of constructing the upper riddles. They are of sheet 
iron, and cut at regular intervals, as shown in sketch, 
Fig. 12, at a. The pieces thus cut are bent upwards, 
so as to leave openings for the passage of the grain. 

A simpler form of machineis shown in theengraving, 
Fig. 13, of a thrasher and cleaner, made and exhibited 
by the New York State Agricultural Works, Albany. 
This machine has a solid spiked cylinder, over which 
is an iron concave that can be raised or lowered by 
a side lever, to suit the grain being thrashed. The 


spikes fastened on by nuts. 
After the grain has passed through the cylinder, it 
and the straw is subjected to the action of a series 
of reciprocating rakes driven by a crankshaft. The 
grain, after passing through the top riddle, falls on 
an inclined plane below, and thence is carried to the 
lower sieves, where it is exposed to the blast, and 
whence it passes to the discharge-spout at the side 
of the machine. In the centre of the fan-shaft, the 
position of which is shown on the engraving, are 
two eccentric moving rods attached to the forward 
part of the shoes, and which drive them in opposite 
directions. 





In arye thrasher by the same makers, a very broad 


table is provided, so that the grain is fed in side- 
ways; in order to deliver the straw unbroken. To 
—_S the beaters of oe cel 
ru springs, to prevent undue ure coming on 
the straw. The is solid, saaaetbane commen. 
able iron beaters are employed. The grain and straw 
after leavin Co Sn aa perfo- 
rated table, furnished with endless bands, the grain 
falling through and the straw being delivered at the 
end of the machine. j 

The New York State Agricultural Works show 
also a large thrasher, which is probably a very effi- 
cient machine for the quality of work required. 
There is in it no endless apron as in the Massillon 
and many other exhibits, the straw being led off 
along a riddle, and agitated by vibrating rods armed 
with tines in such a way as to disengage o- 
held in the straw almost as effectually as the ordinary 
shakers. The working parts) in the machine are 
reduced to the simplest possible form and least 
number. 

A a class of implements of this nature is the 
corn-shelling machine, of which a considerable num- 
ber are exhibited, and the demand for which is a 
large industry, especially in the Western States, 
We may take as a good example the sheller of the 
Sandwich Manufacturing Company, Sandwich, Mi- 
chigan. It is arranged so that the feed and delivery 
boards can be removed, to render it easier of trans- 
portation. The former consists of a long trough 
divided into two or three — by b peer we 
the bottom of each is an endless band with blocks on 
it, at short intervals, The cobs placed on these bands 
are fed upwards to the breakers, which consist of 
studded wheels, which in revolving take the cob, 
and turning it over and over rub out the corn, which 
falls upon a riddle below, and thence to the bottom 
of an elevator, which takes it up a convenient height 
and discharges it through spouts into sacks or bing, 
The cobs are taken along an endless chain delivery, 
losing what corn they contain in their progress, this 
corn dropping through to the riddles below. 


== 


THE EXHIBITION OF SCIENTIFIO 
APPARATUS. 
. Puysics (HEAT). 

As regards this branch of the section of physics 
the Exhibition is peculiarly interesting, as it contains 
a comparatively large number of instruments used 
by distinguished physicists in determining data of 
high theoretical importance. 

Our attention is first attracted by a Bb ye one 
looking and quasi-cylindrical vessel. It is the ice- 
calorimeter constructed and used by Lavoisier and 
Laplace. The diameter atthe top is just a foot and 
a half. Lifting the lid, we see the com ent in 
which was placed the body, the specific heat of which 
it was required to determine. The walls of this 
chamber were formed by numerous interlacing 
wires, the interspaces of which facilitated the radia- 
tion of heat from the body to the surrounding ice. 
The diameter of this chamber is 9in., its length 
1 ft. Concentric with this compartment are two 
others, each of which has at its under-surface a 
stop-cock to afford free exit to the water of fusion. 
Knowing the temperature of the body at the 
beginning and at the end of the operation as well as 
the weight of the water obtained from the fusion 
of the ice, we have sufficient data to calculate the 
specific heat of the body in question. The length 
of the third and outermost compartment as measured 
from the stop-cock to t pe lid is ae 2 in, , = whole 
apparatus is supported on a tripod stand, the upper 
Dertets being just 3 ft. fromthe ground. Although 
the results obtained from this calorimeter are 
wanting in accuracy, still the apparatus is invested 
with the twofold interest that must invariably 
attach to the earliest instruments used in any 
special subject of research, as well as to its having 
been devised and used by such eminent men of science 
as Lavoisier and Laplace. 

At a few paces from this calorimeter is a model of 
the apparatus used by Dulong in his studies on the 
same subject of specific heat, The method adopted 
by this savant is known as the ‘“‘ method of cooling,” 
and depends upon the principle that bodies of dif- 
ferent specific heats will take different times to 
cool through the same number of degrees. Close 
beside the model, which was sent from the Ecole 
Polytechnique, is the identical cylindrical vessel 
wood by Dulong, and contiguous with this cell is a 
very small ‘‘ worm” or serpentine of gold used by 
De la Rive in his researches upon the specific heat 


of gases, 
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— most attractive by their high degr 
and the space that they occupy. 

for determining (1 

the tension of vai between 0 deg. an 

100 deg. C.; (2) its teision above 100 deg., and 

$) its tension below and above 100 deg. The 

is littlé more than Dalton’s apparatus improved ; 

the third is remarkable for the extent of its appli- 

cation, the simplicity of the apparatus, as well as of 


the upon which it is viz,, that when 
a liquid boils tension of its vat entra, 
it sw of instru- 


ments has been contributed by Golatz, of Paris. 
There is another apparatus which has the addi- 
tional- charm of having been used by its inventor, 
and which gives great interest to this section, viz., 
that employed by Dulong and Petit in determining 
the absolute expansion of mercury. The importance 
of this coefficient and the necessity of a very exact 
determination will be at once t when we re- 
member that without it we could not ascertain the 
coefficient of expansion of glass, and would thus be 
unable to get exact readings from our meteoro- 
logical instruments. This very interesting apparatus 
consists of two upright glass tubes connected to- 
eel by a horizontal tube of small bore. One of 
ese tubes stands within a ——_ cylinder which may 
be’ filled with oil or water, whose temperature may 
be maintained by communicating at the top with a 
boiler ; the other tube stands in a smaller cylinder of 
brass, and may be surrounded by pounded ice. 
Merc is into the tubes; when these are 
at equal temperatures, the fluid metal is at the same 
level in both branches; but if one branch be kept 
at 0 deg. while the other is heated, the diminished 
specific gravity of the heated column is compensated 
by a dlight increase in its height. It must be plain 
that this increase divided by the original height of 
the column and the temperature will give the coeffi- 
cient of absolute ys of the mereury for 
1 deg. Centigrade, e diameter of one cylinder is 
3 in., its height 2 ft. F 
To tbis intricate and far-reaching branch of 
thermics belongs the calorimeter of Favre and Silber- 
mann. That exhibited is a model of that used by those 
savants in their prolonged and successful researches 
on the calorific capacity of liquids, the latent heat 
of evaporation, the heat disengaged in combustion, 
and in other chemical actions generally. It is some- 
what elaborate in its details, and would require a 
lengthy description to convey an idea of the manner 
in which it may be used. It may be briefly called 
a thermometer having a large iron sphere for its 
bulb, into which fits along capillary stem graduated, 
not to show degrees of temperature, but the num- 
ber of thermal units imparted to the mercury by 
the body upon which the operator is experimenting. 
Kindred questions have also been made the subject 
of deep investigation by Dr. Andrews, President-elect 
of the forthcoming meeting of the British Associa- 
tion, and accordingly we are afforded the satisfaction 
of examining some of the apparatus employed by 
him in his experiments on the amount of heat 
evolved in the combination of hydrogen and other 
combustible gases with oxygen, as also another ap- 
tus, the counterpart of the above, for examin- 
g the amount of heat disengaged in the combina- 
tion of liquids and solids with oxygen. The labours 
of Dr. Andrews, as well as those of Favre and 


Silbermann, upon these and similar matters, are of | i 


the highest scientific value. 

Not less interesting is the apparatus used by Dr. 
Joule in his determination of the mechanical equiva- 
lent of heat. Dr, Joule’s investigations go back to 
the year 1843, and were carried on until 1849; and 
it is not without feelings of gratificution coupled 
with admiration that we pause before this : 
simple-looking instrument with which the clear 
intellect and accomplished skill of Dr. Joule 
triumphed over many difficulties and told in figures 
the kinetic energy of one degree of heat. A vertical 
shaft carries at its lower portion several sets of brass 
paddles to agitate and heat the water in which the 
were immersed; fixed vanes prevented the flui 
from being whirled along in the direction of rota- 
tion. The upper the shaft bears a wooden 
¢ylinder over which was wound a thin cord passing 
over a pulley and connected with a weight capable 


movement along a fixed vertical scale. 


The | the insertion pf the thermometer bulbs, and hence a 


certained. The weight of the water being next 
determined, and its inoree of temperature ‘ob-' 
served, it was shown that every pound-degree 
Fahrenheit was equivalent in energy to 772 foot- 
pounds. The same experiment was repeated, a 
slight modification being introduced by substituting 
mercury for water, the equivalent thus found was 
775.* ‘This second apparatus may also be seen in the 
same case as the first. To many this must be amon, 
the most interesting objects in the Loan Exhibition: 
The subject of radiant heat is well represented by 
acompleteset of instrumentscontributed by M. Ruhm- 
korff, of Paris. The instrument are nile 5 
used by Melloni in his laborious and deli - 
gations, and by’Tyndall in hig | cation of the 
results obtained by the Italian philosopher. To- 
gether with these is Figeed the apparatus used by 
our distinguished professor in his resédrches on the 
absorption of radiant heat by gases and vapour. This 
latter consists of a brass tube 24 in. in diameter and 
4 ft. long. The two ends are ‘oned by lates of a 
very diathermatous substance, viz., tock-salt. By 
means of two lateral tubulu the tube may be ex- 
hausted and subsequently filled with any gas whose 
absorptive power it is desired to determine. The ex- 
hausted tube is placed in a horizontal position, heat 
from a Leslie’s cube is allowed to fall upon one 
of rock-salt ; it radiates through the whole len 
the tube, emerges through the other diathermatous 
plate, and is received upon the surface of a delicate 
thermo-pile which is connected with a very carefully 
calibrated galvanometer, In the mean time, rays from 
a second source of heat, a compensating cube, ere 
concentrated upon the other‘side of the pilé, and the 
distance is so arranged that the neédle of the 
galvanometer stands at zero when there ig a vacuum 
in the tube. If the tube be now filled successive! 
with atmospheric air, with carbonic acid, and wi 
ammonia, the needle will’ be but very slightly 
affected in the first case, but will undérgo 9 ‘con- 
siderable deflection with the ‘carbonic acid, which 
will be further increased with the ammonia. Taking 
the quantity of heat absorbed by air as unity, the 
carbonic acid be Bog found | erg 90 and the 
ammonia 1135 such units, experiments 
have shown that air, hydrogen, oxygen, and nit en 
differ but very little from a vacuum in their ab- 
sorbing power. The whole of this important matter 
has been thoroughly investigated by Professor 
Tyndall, and it is not without singular pleasure 
that we gaze upon the very instruments used by 
him in that elaborate series of experiments. 
In connexion with the above subject, we may 
add that there are some very fine s ens of rock- 
salt exhibited by W. Steeg, of Homberg, viz., a 
rism of this material 50x60 mm., a lens 75 mm. 
in thickness and 300 mm. in radius, and a plate 
measuring 60 x 60 mm. 
the same case in which these apparatus are 
disposed, viz., that of radiant heat, we find a number 
of those tiny instruments, equally remarkable for 
their ingenuity, and the hot warfare to which they 
have recently given rise... We mean the radiometers 
of Professor Crookes, It is plain thatthe organiser 
of this section was ready to do battle in favour of 
the theory which re; heat and not light as the 
primum mobile of this admirable scientific toy, which 
may yet forsooth revolutionise some of our cherished 
— | well-framed theories. 
There is a ly collection of pyrometers, The 
most interesting, from an historical point of view, 
are those made by Wedgwood, Daniell, and the 
a Muschenbroek. They are all small, but 
involve principles of considerable theoretical and 
practical value. These instruments are, however, 
superseded by the electrical pyrometer of Dr. 
Siemens, an invaluable instrument, which will be 
referred to later on. 
Professor Tait, of Edinburgh, has contributed 
several apparatus relating to conductivity, viz., a bar 
of German silver about 9 ft. long, and 14 in. thick, 
with nine thermometers inserted at different points 
of the length; a second of the same dimensions 
but of iron, and a third of copper about 4 ft. long, 
and ing fourteen thermometers These bars 
are intended for repeating Despretz’s celebrated ex- 
periments, by which he showed that if the distances 
of the thermometers from the source of heat be in 
arithmetical progression, the excess of the recorded 
temperatures over that of the surrounding air will 
decrease in geometrical progression. We may observe 
that the homogeneousness of the bar is altered by 


late 
of 








weight and the distance through which it fell being 
known, the energy imparted to the water was as- 


* The value now generally accepted in this country is 772. 










































source of error is introduced which detracts from the 
value of the data obtained ‘by such SRetthents. 
The same subject was investigated by Wiedmann and 
Franz by applying a — small thermo-pile to diffe- 
rent | of the bar. The numbers obtained differ 
considerably from those given by Despretz. There 
is yet another appliance based upon the principle 
of conduction, which few will fail to recognise as 
Sir Humphrey Davy’s safety-lamp. Its very look 
isa fair of its originality; all doubt, 
howeyer, is removed by the manuscript label, which 

it, has. been sent from the collection of 

} ty. @ wire gauze is extremely 

1¢; . ‘This precious model was made by Sir Hum- 
phrey and presented to the Royal Society, together 
with his memorable paper upon the same subject, on 
the 11th of January, 1816. 

Theomometry is very well represented ; there is 
no lack of maxi minima, wet and dry bulb, 
differential, ang other thermometers. There is 
also. a good collection of manometers with draw- 
ings, &c. But by far the most curious measurer 
of tem ure is the thermometer of Galileo, 
which is exhibited together with the other in- 
struments of this illustrious philosopher. Until 
recently the physician Sagredo was considered the 
inventor of the thermometer; but there is now 
strong positive evidence that Galileo’s was made 
some time before the year 1597. It is an air 
thermometer, consisting of a bulb and a tube dipping 
into a small cistern of ‘water, It was originally in- 
tended for medical Ps It is stillin excellent 
order, and high authority has stated that its delicacy 
is such as not easily to be si ' 

| We find another thermometer in this most 
valuable collection, which is also an early specimen, 
having been made in the seventeenth century. It 
originally belonged to the Florentine Accademia del 
Cimento, but now belongs to the Royal Institution, 
having n p ted by Sir Henry Holland. 
Thére is also another thermometer which deserves 
attention from the novel feature of its graduation. 
Tt is called the Milligrade thermometer, from the 
fact that the interval between the freezing and the 
boiling point of mercury is divided into 1000 parts. 
The interchange of readings between this and Centi- 
wes scale will be obyious from the consideration 
at mercury freezes at —40 deg. C., and boils 
at 360 deg. C.; hence 400 deg. C. must equal 
1000 M., or 1 deg. C.=2} deg. M. According to this 
seale water boils at 350 deg.. and freezes at 100 deg., 
the interval (250 deg.) being just one-fourth that 
between the freezing and boiling points of mercury. 
The practical advantage of such a graduation seems 
to be: first, the avoidance of the minus sign, all 
i under 100 M. indicating temperatures 
below zero ; and, secondly, the avoidance of fractions 
(owing to the smallness of the d }) which. are 
often necessary to 7 the boiling point under 
certain resistances. The exhibitor of this novel in- 
strument is John Williams, F.C.S. 

This section, as will now appear, is replete with 

interest, and will amply repay several visits. 





SEWAGE UTILISATION AT DANTZIC. 
No. IL. 

In our preceding article, page 301 ante, we drew 
attention to the general conditions of sewage 
irrigation in England, and mentioned that the 
results lately obtained at Dantzic indicated a more 
successful application of English principles than 
—- anything in this country; we also gave at 
ull length the results of examination and analysis 
of the soil of which the irrigated farm at Dantzic 
mostly consists, 

The daily supply of sewage liquid, of which three- 
quarters is obtained from the city refuse and the re- 
mainder from surface drainage, is 4,428,900 gallons ; 
it represents a supply of 41} gallons per head from 
a population of 80,000, and the refuse from 4000 
houses, and a supply utilised of 13,300 gallons per 
acre irrigated in 1874. At an earlier period it was 
only 379,000 gallons, obtained by pumping from 
the lower parts of the city, the pumps ing 15 
strokes per minute and raising 205 gallons at each 
stroke. The sewage liquid is conveyed in a cast- 
iron pipe for a distance of 10,100 feet to a cistern 
on the sewage-farm, from which its flow on to the 
land is regulated. The works generally, as well as 
the connexions, being now nearly completed, the 
iqui iently constant in 
i é samples of it that 
Dr. Von Helm were taken on 
seven successive days, from the 8th to the 14th of 
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July, 1874 (among which there was only one rainy 
day), and they were mixed before analysis. 

@-liquid was slightly muddy, and deposited a 
light grey sediment; the mud could not be entirely 
removed by filtration, but the water remaining 
afterwards could be rendered colourless. The odour 
of the fresh-drawn liquid was slightly putrescent ; 
it evolved sulphuretted hydrogen after standing for 
a few-days, and afterwards sulphate of iron, which 
gave a black colour to the sediment. 
an earthy insoluble matter, impregnated with iron 
and phosphoric acid. The sediment contained many 
organic forms, which were perceptible in 200 parts 
by bulk, as well as amorphous mineral precipitates 
and living infusoria. Br. Lissauer describes the 
sewage liquid as nearly clear, but grey in colour, 
and having a faint odour in summer time like that 
of refuse kitchen water. Its specific gravity, at a 
temperature of 15 deg. Centigrade, is 1000.5. When 
freed from-sedimentary-matters, it had a degree of 
hardness of 12.8, of which 6.8 was permanent and 
60 temporary. Its constituents, according to the 
analysis of Dr._Otto von-_Helm, were as follow : 























Parts in 100,000." 
CONSTITUENTS. 
In Solu-| In Sus- | 
tion. | pension. Total. 

Silica .| 1.80 12.80 14.60 
Lime = .| 11.09 2.74 13.83 
Magnesia 1.41 0.09 1.50 
Potassa ... o| 4,44 we = | 4 
Soda en see pooh: Oe |. 8.77 
Sulphuric acid ... | 2.87 | - 2.87 
Chlorine... 363 | 6.97 6.97 

Oxide of iron ... f | 
umina.... a i 4.75 4.70 9.45 

Phosphoric acid 

oo ene ee } 7.30 | 2.27 | 9.57 
Inorganic matter 90 | 22.60 | 71.50 
Organic matter... 19.40 | 35.60 | 55.00 
Total dry residue 68.30 (126.50 
Actual ammonia 5.32 a | 5.82 
Organic nitrogen 1.16 ue |) aoe 
Total...'132.98 








The daily supply of this sewage liquid, of which 
three-quarters is the result of a dilution by the sur- 
face drainage of the town, is about 12,366 tons in 
weight, and it contains 6.8 tons of organic and 
8.84 tons of inorganic matter, of which 3.205 tons 
consist of manurial matters ; these latter are thus 
estimated : 





marks. & s. 

Ni m «- 0.8 tons worth 1360 or 68 0 

Phosphoric acid ... 0.245 ,, a an oe ee 

Potash a oo O50 ,, wp 7 
Lime 1.610 ,, not estimated 

Total 1590 79 10 


The value of the sewage of Dantzic for one year 
is hence estimated at 582,150 marks, or 29,1077. 

The analysis of the sewage of Dantzic thus com- 
pares with an average of that of fifty English towns, 
according to the report of the Rivers Pollution 
Commission, and is evidently weaker. 
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The se liquid is utilised in the irri of 
some land about half a mile Prussian, or 2$ Eng- 
lish miles from Dantzic, a part of which only was 
originally culturable, the rest being useless sandy 
waste. e liquid, after being allowed to remain 
on the land for a few hours, forces out any air from 
it in the form of bubbles, and then sinks rapidly 
into the subsurface water, leaving on the surface 
and in the —_ of the soil both the suspended and 
a portion of the dissolved matters, but at the same 
time washing out and carrying away some of the 
chlorine, iron, and humous substances contained in 
the soil. The suspended matters delivered on to the 
land form a crust on its surface, and the dissolved 
matters are partly utilised in impregnating the soil, 


It contained | y 


and supporting vegetation, the remainder being in- 
haled into the air; while the organic matter intro- 
duced undergoes a chemical change. 

The result of continued irrigation has been to 
give the land a greater depth of humus, or veget- 
able soil, and this is clearly indicated by an exami- 
nation of samples of the irrigated soil ; the irriga- 
tion of the first year merely introducing veins of 
humous matter into the soil, while that of several 
ears produces a markedly defined stratum, 

The liquid, after utilisation on the land, is allowed 
to soak through banks of earth or sand, and then 
collected in drainage channels, from which it is con- 
veyed by conduits and small canals to the neigh- 
bouring villages of Weichselmunde and: Henbude. 

The samples of effluent water analysed by Dr. 
Helm were taken from the drain channels. It 
was of a deep yellow colour, alig! tly muddy but 
translucent, resembling ym coloured Sauterne, 
inodorous, but having a slightly rotten taste. It 
threw off reddish-yellow flakes after being allowed 
to stand for a day or two; subsequent settlement 
did not however alter its muddy character Its re- 
action was very slightly acid, but after boiling: fora 
long time this entirely disappeared, by the removal 
of the carbonic acid contained in it, Its degree of 
hardness was 7.6. It contained 7,6 per 100,000 
of lime and magnesia, and from 1.07 to 1.19 parts 
of ammonia, but generally neither nitric nor nitrous 
acid. In two cases traces of nitric acid were dis- 
covered after letting it stand for a few days, when 
the ammonia be to decrease, until at last, after 
twelve days, it entirely disappeared. 

The filtered effluent water contained 8.4 to 8.6 
parts per 100,000 of organic substance, free from 
nitrogen, as obtained by calcination; but the per- 
manganate of potash method of determining the 
amount of organic substance indicated a higher pro- 
portion. The inorganic matter amounted to 37,1 
parts pd 100,000, including 4.74 parts of chlorine, 
1.75 of sulphuric acid, and traces of phosphoric acid. 
The suspended matters deposited themselves in the 
form of a fine brownish-red mud, which, when 


heated and dried ata temperature of 100 ~ Centi- 
grade, was found to contain 59.1 per cent. of étganic 
matter, 23.3 of oxide of iron, 15.4 of silica fine 


sand, 0.9 of carbonate of lime, and 1.3 of alumina. 

The organic matter consisted of diatomacer and 
broken cellular tissue of amorphous forms of several 
kinds, also two species of alge, which were re- 
cognised by Professor de Bury of Strasbourg, as 
Leptothrix ochracea, a spiro; and the stereo- 
nema known as Anthophysa Miilleri. 

The comparison of the results of analysis of the 
sewage liquid and the effluent water, indicate a 
chemical change that is only explicable after an in- 
vestigation of the chemical qualities of the soil 
irrigated, The behaviour of the samples of soil 
under examination and analysis, as given in our last 
article on this subject, completely explains the effect 
of the Fuchs-sand on the effluent water. One por- 
tion of the humous substance contained in the 
Fuchs-sand is removed by the water of the sewage 
liquid, and passes away in so fine a state that it 
soaks through the sandy soil and the earthen 
banks with the water, depositing itself afterwards 
in the drain channels, and forming a sediment in 
which the organisms, Leptothrix and Anthophysa, 
are found. Another portion of the humous sub- 
stance of the Fuchs-sand is dissolved by the ammonia 
of the sewage-liquid, and after giving a yellow 
colour to the latter, filters also with the effluent 
water out into the drainage channels. 

The organisms present in the effluent water are 
excessively valuable in indicating its condition as 
regards putridity or liability to putrescence. It is 
well known that alge can ewist under circumstances 
which afford them the simplest combinations of 
ammonia, carbonic acid, water, and certain salts for 
their subsistence ; but they can only live and vegetate, 
as found to do in this effluent water, under certain 
conditions of putrescence ; an advanced stage of 
putridity being fatal to them. Professor F. Cohn 
mentions (‘‘ Verh der Leop-Carol-Akademie,” vol. 
xxiv., part i., page 109) that threads of stereonema 
vegetation are found in most afoiog’ woters, and 
that such vegetation, even if compatible with a cer- 
tain degree of decomposition in the water, is yet 
never to be found in putrid or offensive waters. 
The foregoing examination also points to 
clusion that the effluent water. will, after @ 
continuance of irrigation, continue to improve in 


con- 





a of purity; that a new more compact 
umous matter will oe on the irrigated 
soil of the sewage this having a greater 


retentive power will absorb a larger rtion of 
the dissolved matters contained in the steage liquid, 
while at the same time these latter will become less 
effective in removing the humous. substances in the 
Fuchs-sand from the soil, and in carrying them away 


into the effluent water. As to the sanitary condition 
of the effluent water in its present state, the analysis 
given affords a satisfactory vyif The Rivers Pollu- 
tion Commission determined that water is rendered 
sufficiently pure to be admitted into the public water- 
courses and rivers, when it contains less than 3 
of ded inorganic matter per 100,000, and less 
than 1] part of suspended organic matter, 2 parts of 
organic carbon, and 0.3 of organic nitrogen. Ex- 
cepting the organic carbon, which was not estimated, 
the results given are shown to fall within the limits 
rescribed ;’ besides this, the more important in- 
cation afforded by the presence of the alge 
places it, as regards purity, in the class of potable 
waters. 
ee. 4& subsequent article we propose investigatin 
hygienic results of irrigation at Dantzic, an 
entering into the subject of the extremely low tem- 
perature under which the sewage irrigation has 
continued without interruption, as well as institut- 
ing a comparison between the results achieved there 
and at places in England. 





PAPER-CUTTING MACHINES. 

Messrs. Brown anv Carver, of Philadelphia, show at 
the Centennial Exhibition a number of paper and card- 
cutting machines, from which we have selected for illus- 
tration that shown on page 525. Apart from the general 
solidity of the design there are several points calling for 
special notice. The pressing table, which is raised and lowered 
by the hand-wheel at the top of the machine, slides upon the 
vertical bar a forming part ofthe frame. The presser itself 
consists of a number of vertical plates, several inches wide 
at the bottom, and they.hold the paper so that strips only 
half an inch in width can be secured in the press and cut 
with facility. In front of the main table, and giving motion 
to it, is a small wheel divided into sixteenths, and working 
a screw of such a pitch that one complete turn of the wheel 
advances the table lin. By this arrangement cutiings of 
any desired width may be taken with the utmost accuracy. 

The knife has a diagonal motion given it by means of the 
flywheel having on one end of its spindle a pinion gearing 
into a spur-wheel with a slotted centre, in which slides one 
end of the diagonal connecting-rod attached to the knife. 
In the machines exhibited-a double gear is added, which is 
easily thrown in and out of operation, and is used when the 
knife is somewhat dull, a greater power and less speed being 
obtained by this combination. 

Besides card-cutting and other similar machines, Messrs. 
Brown and Carver exhibit an ingenious little arrran t 
for fringing paper. It consists of a cast-iron frame, the 
top of which forms a table to which are bolted two parallel 
guides, extending nearly the whole length of the table. The 
guides are fastened to the latter by bolts passing through 
slots so that the distance between them may be regulated 
for different widths of paper. Between these guides runs 
a band-strap passing over rollers at each end of the table. 
At one end of the machine is a vertical grooved wheel 
turned either by hand or power, and giving motion by 
means of a cord to two small grooved wheels belew and on 
each side of it. These wheels are mounted on the end of 
spindles extending along the table outside the guides before 
mentioned, and parallel to them. At the opposite end of 
each spindle is a disc, carrying one or more knives, which 
can be shifted in or out by a set screw, ac¢ording to the width 
of fringe it is desired to cut. A worm on one of the spiniles 
drives a worm-wheel mounted on the same shaft ax the 
roller over which that end of the horizontal strap before 
mentioned passes. By this means the strap is driven forward 
slowly, and serves as a carrier to the papers placed in the 
machine to be cut. At the opposite end, and directly op- 
posite the cutter, a roller is placed over the strap, and this 
serves as a presser to the paper as it passes underneath, 
when fed forward by the strap. The fineness of the cut can 
be regulated byaltering the feed. 





Inpran TeLecRaPHy.—The Government of India has 
made a the guaranteed i i 


general system of hs throughout mda The 
telegraphs of India, ie the telegraphs of Great Britain, 
the Government. 


will thus be wholly in the hands 


Constant Service Mains 1n Lonpon.—The number 
of miles of streets which contain mains constantly charged, 
and upon which hydrants for fire purposes could at once be 
fixed, in each district of the metropolis, is now as follows :— 

miles ; New River, 170; Hast London, 85; South- 
and Vauxhall, 100; West ; Grand 
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A NEW SYSTEM OF PERSPECTIVE. 
DISPENSING WITH GEOMETRICAL LINES OF CONSTRUCTION, 
(Continued from page 470.) , 
THE position of a point in a plane is determined 
when its pe icular distances from two straight 
lines at right angles to each other in the same e 
areknown. Thus, letZZ, XX, Fig. 12, be twostraight 
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rpendicular to each other in the same plane, 
then the position of a point P in that plane will be 
determined when the perpendicular distances P M, 
PN from the given lines ZZ, X X are known. 
The line’ ZZ, XX are called axes, O the point 
where they intersect the origin of the axes, and P N, 
which is measured on the axis ZZ by UO M, and 
P M, which is measured on the axis X X by ON 
are called the ordinates of the point P. 

It will be evident that two ordinates are sufficient 
to determine a point situated on a plane surface 
like the paper, canvas milled board, &c,, upon 
which we draw a picture.’ The ordinates of the pro- 
jection of a pom on the picture which are the repre- 
sentations of the actual ordinates Z and X in space, 
we shall designate respectively by zand #. We shall, 
in the first instance, suppose the ordinates z and » 
of the projection of a point to be laid down on the 
plane of the picture to be known, and under this 
supposition having drawn a horizontal line across 
the picture to represent the axis of «, we drawa 
liné at right angles to it, to represent the axis of z 
through any point we may have selected for the 
origin of the axes; the axis of # is generally called 
the horizontal line, and the origin of the axes the 
point of view or centre of view. We have then 
only to measure by scale to the, right or left from 
the point of view along the axis of z or horizontal 
line a distance indicated by the value of the ordinate 
z, and then from the same point upwards or down- 
wards along the axis of z, or vertical line by the 
same scale, a distance indicated by the value of 
the ordinate z; the intersection of perpendiculars 
to the axes from the two points thus found will give 
the required projection of the point, but as this 
would involve the drawing of a number of unneces- 
sary. lines on the picture we shall use a scale and 
offset as follows: Place the edge of the scale to the 
axis of 2 or horizontal line, the zero mark on the 
scale corresponding with the origin of the axes or 
pe of view, the scale to the right if the point to 

€ perspectively projected is to the right, and to the 
left if it is to the left, Slide the offset along the 
scale till the bevelled edge comes o ite to the 
number corresponding to that indica y the value 
of the ordinate w, and opposite to the number on the 
offset corresponding to that indicated by the value 
of the ordinate z make a light dot with the sharp 

int of a pencil; if the projected = should be 
Seow the horizontal line, it may found most 
convenient to reverse the drawing for the moment 
while the projection of the point is being laid down. 
It will be observed that by adopting this method 
all difficulties with reference to vi ing points 
beyond the limits of the picture as well as the 
necessity of either introducing complicated lines of 
construction upon the surface of the d*awing or else 
of transferring the dimensions to the picture from 
a perspective plan previously prepared are avoided. 
But we have so far supposed that the ordinates « 
and z of the perspective projection of the given 
point have been previously determined ; this pre- 
vious transformation of the actual ordiuvates of a 

int in space into the ordinates of the correspond- 
lug perspective projection to be laid down on the 
plane of the picture may be stated to be the funda- 
mental problem of the science of perspective as we 
propose to exhibit it, and to the solution of this 


lines 


problem we — oe ee our ro m 
The point of sight is t int at e eye 

of the observer i the vertical is 

vertical plane 


in 


18 plane 
passing through the point of sight 


the direction of the axis of the eye at the moment 
the view is taken, and the horizontal plane is a 
horizontal Bg passing through the same point; 


the line intersection of these two planes is 
evidently a line tending direct into space from the 
eye of observer, and this line we shall call the 


line of distance or axis of Y. 

We shall suppose the axis of Z and the axis of X 
to be situated upon an imaginary plane of unlimited 
extent, which we shall l the co-ordinate plane, 
always remaining perpendicular to the line of 
distance or axis of Y, which we shall suppose to 
pass through the origin of the axes, the axis of Z 
remaining always vertical and consequently the 
axis of X horizontal. We shall now suppose the 
co-ordinate plane to move along the axis of Y 
resting at any given distance corresponding to the 
position of the point in space, the co-ordinates of 
which are to be measured, when it will be evident 
that the measures of these two ordinates upon the 
axes Z and X being known as well as the distance 
of the co-ordinate plane from the eye of the 
observer at the moment the measurement is taken, 
the position of the point in space will be fully 
determined. It will then only be necessary to indi- 
cate in which of the four compartments into which 
the co-ordinate plane is divided by the axis the 
given point is situated, and this is done as follows : 
when the point is above the axis of X the sign + 
is prefixed to the ordinate Z, and the sign — when 
it is below it; when it is to the right of the axis of 
Z the sign + is prefixed to the ordinate X, and 
when it is to the left the sign —. 

Take E D, Fig. 13, to represent the line of distance 
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or axis of Y, and O P O' P' the measures of either the 
vertical ordinate Z, or the horizontal ordinate X of 
any point in the co-ordinate plane upon the axis of 
co-ordinates ZZ, X X at different distances, E O 
E O' of such plane from the eye of the observer. 
Take also Pp P' p' to represent in each case a 
ray of light from the given point, passing through 
the pupil of the eye, crossing the line of distance or 
axis of Y, of which the axis of the eye is supposed 
to be a continuation, and falling upon the retina 
or nervous membrane from which sensation is con- 
veyed to the brain by means of the optic nerve of 
which the retina is a ramification, it will be seen 
that as the distance is increased, although the actual 
ordinates in space of the point remain constant and 
unchangeable, the distance of the image of the point 
on the retina from the axis is proportionately dimi- 
nished, that is to say, such distance is inversely pro- 
portional to the distance in space of the co-ordinate 
plane in which the point is situated from the eye of 
the observer, for the ray of light, the actual ordi- 
nates of the point in space, and the perpendicular 
distance from the axis of the eye of the image of 
the point, evidently form similar triangles of which 


the line of distance to the ordinate of the image of 
the point on the retina may be supposed to remain 
constant. This is exactly the effect we desire to 
produce in perspective representation, but by a 
different process, for whereas in nature the distance 
is variable, while the co-ordinates remain constant 
in perspective delineation, while the distance remains 
constant we make the ordinates variable ; and this 


the brain as the variation of the distance, for if we 
suppose the distance EO to remain constant, but 
the ordinate of the point to vary from O P to O P", 
and rays of light to proceed from the point in both 
positions, the effect upon the retina and consequent 
sensation conveyed to the brain will evidently be 
the same as in the former case, therefore the dis- 
tance from the eye of the observer of the co-ordinate 
_ in which any given point is situated being 
nown, it will be evident that this effect may be 
produced without altering the distance by making 
the co-ordinates of the point inversely proportional 
to such distance, or in other words, by multiplying 
the actual co-ordinates of the point in space by the 
decimal number corresponding to ‘the reciprocal of 
the distance of the co-ordinate plane in which it is 
situated. + 
It is a ‘fact familiar to every one that all the di- 
mensions of an objéct appear to become smaller and 





smaller as it regedes from the eye into distance, 


the sides represented by the actual ordinates and}. 
the distance from the intersection of the ray with |* 


may be supposed to produce the same sensation on |. 


therefore if we should suppose two lines or axes at 
right angles to each other to be distinctly marked 
upon arectangular plate of metal, or any other 
palpable surface, one vertical and the other hori- 
zontal, and if we should suppose the line of distance 
to perpendicularly through the origin of the 
axes, which would consequently always remain 
exactly opposite the centre of the pupil of the eye, 
all the dimensions of the rectangular plate, and con- 
sequently the semi-axes marked upon it, would ap- 
pear to become smaller and smaller as the plate 
recedes farther and farther from the eye along the 
line of distance, until in the far distance they would 
both become merged into one point coincident with 
the origin of the two axes, but if we take the corners 
of the rectangular plane to represent points, the 
semi-axes will evidently be the measures of the ordi- 
nates of such points in the plane, and this exhibits 
the principle we wish to establish, namely, that the 
ordinates of a point upon the co-ordinate plane ap- 
parently diminish in a ratio inversely proportional to 
the distance of the plane in which, for the moment, 
the point is supposed to be situated, and upon the 
development of this simple principle we propose to 
establish the present system of perspective, 
(To be continued.) 


AMERICAN LOCOMOTIVE BOILERS, 

To the American Railway Master Mechanics’ Association. 
REPoRT ON BOILER AND FIREBOXES. 
(Continued from page 519.) 

Your committee would submit, as part of their report, 
the following from Mr. 8. J. Hayes, one of the members of 
the committee, as expressing his views on the different 
subjects alluded to, in which all the other members fully 


concur, and indorse : 
** Chicago, May 1, 1876. 


“ R. WELLS, Esq., Chairman of Committee : 

** Dear Sir, — Of the three materials used for furnace 
sheets of locomotives, copper, iron, and steel, I prefer steel ; 
but plainly see the necessity of urging the manufacturers 
to make it soft, ductile, and homogeneous, because the 
higher the grade of steel the greater its liability to crack 
after being put in service. I tuke it for granted that all 
members of our Association are aware that each of the three 
materials named is objected to, by different master 
mechanics for the following reasons : a r, because it 
is too expensive ; iron, because it is liable to ister or crack ; 
steel, because it is liable to crack. 

‘* These are the main points which, in my opinion, should 
be borne in mind in dealing with these materials for furnace 
sheets. So much has been said and written on the subject 
of copper and steel furnace sheets in past years that I do 
not think our committee should occupy the time of the 
Association by again repeating it, but should endeavour to 

resent a few new facts in relation to steel furnace plates. 
hat we all want to know is the effect of fire and water on 
steel plates. About one year ago I conducted the following 
experiments, which will perhaps be of interest in this con- 
nexion : 

** A piece of ‘open hearth’ steel plate, Ys in. thick and 
9}in. square, was heated to a cherry-red heat and dipped 
in cold water six successive times, after which the edges 
were found slightly rounded ; that is, the sheet measured 
exactly 9} in. across the centre, buta very little less across 
the ps Mo showing that the contraction in this case was 
along the edges of the sheet. After being heated and cooled, 
as described, the steel was quite soft and was bent double 
cold, without fracture. Two -tests of its tensile strength 
were made with the following result : 

** No. 1 stretched } in. and broke at 80,914 Ib. per square 








neh. 

Pho 2 stretched jin. and broke at 74,057 Ib. per square 
inch. 

** The average being 77,4854 lb. per square inch. 

‘To see if the heating and cooling for six successive 
times had effected the strength of the plate, two samples 
cut from the same part of the same sheet as the 9} in. 
piece were tested ; these samples were not heated and 
cooled, but. were taken from the sheet just as it came from 
the mill. 

* The following was the result : 

** No. 1 stretched ? in. and broke at 57,200 Ib. per square 
inch. 

é eg 0. 2 stretched ¥; in. and broke at 64,475 Ib. per square 
inch. 

“The average being 65,8374 Ib. per square inch, the 
tensile strength of the steel having increased 17.7 per cent. 
by the heating and cooling described. It seems probable 
that the increase in tensile strength was accompanied by 
increased hardness, but yet the steel bent double, cold, after 
being heated and cooled six times. Inthe year 1871 the 
committee of which I was chairman gave the ave tensile 
strength of three pieces of ,4; in. steel plate as 71,165 lb. per 
square inch of section. 

**The steel tested was what is known as ‘ crucible steel.’ 
The ‘ open hearth’ steel seems to be softer and more ductile, 
but of tensile strength than the crucible steel which 
was tested and reported to this Association five years ago. 
The tests were made at the shops of the Illinois Central 

i under my supervision. 

‘Careful observation has, to my mind, demonstrated 
that the nature of the water used in locomotive boilers has 
a deal-to do with the life of steel furnace sheets. The 

inability to. crack increases with the impurity of the water 
used” in the boiler. Roads troubled with heavy forma- 





inae of epple in boilers have also greater trouble from the 
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cracking of steel furnace sheets than have those roads 
along whose line the water is gy gre pure, and 
whose boilers are free from scale. ame you have 
considerable information on this parti point, and may 
deem it necessary to give it in detail. I therefore state the 
following facts, which strongly support the conclusion stated. 
The Illinois Central Railroad is about 1100 miles long, about 
700 miles being in the State of Illinois and 400 miles in the 
State of Iowa. On this line the greatest deposits of scale 
are formed in boilers of locomotives employed on the 
Northern Division, which is 225 miles long. I have lately 
tested the water from two water stations on this division, 
with the following results : 

‘* Mendota Station, 84 grains of solid matter per gallon of 


water. 

‘* Rutland Station, 70 grains of solid matter per gallon of 
water. 

‘‘ Number of engines on the division, 49. 

‘During two years ending March 31, 1875, six crucible 
steel side sheets and one Lowmoor iron side sheet have 
cracked on this division.. On the Chicago Division of the 
road, water was tested from five stations with the following 
results : 

‘* Chicago, 18 grains solid matter per gallon of water. 

‘* Kankakee, 20 grains solid matter per gallon of water. 

‘Gilman, 15 grains solid matter per gallon of water. 

‘‘Champaign north tank, 20 grains solid matter per 
gallon of water. - 

‘‘Champaign south tank, 34 grains solid matter per 
gallon of water. 

‘* Number of engines on the division; 69. 

‘* During two years ending March 31, 1876, three crucible 
steel sheets have cracked:on this division. I invite your 
careful consideration to the foregoing facts, which point 
directly to impure feed water as one of the prime causes of 
failure in steel furnace sheets. Frequent washing out with 
a good force of water and prompt removal of incrustations 
are the remedies. The use of surface or other pure water 
is the only sure preventive, and the day will come when 
railway managers will see that ‘ prevention is better than 


ure. 
** A freight locomotive with 16in. by 24in. cylinders will 
use about 6000 gallons of water per day, or 1,800,000 gallons 
per year of 300 working days ; and assuming that such an 
engine used for 300 days the water from Mendota Station, 
we find that 21,500 lb. of solid matter would be precipitated 
in the time specified. Of course the greatest portion of this 
would be removed by the frequent washing out of the boiler 
customary upon all roads, but there would remain on the 
flues and furnace sheets large quantities of incrustation, 
detrimental to those parts of the boiler, and to its steaming 
capacity. On roads where boiler incrustations are heavy, 
it is common to see a number of small cracks in steel fur- 
nace sheets, radiating from the stay bolts, as shown in 
the sketch Fig. 4. 
Fug 4. 


‘* For lack of a better name, we call these ‘ mud cracks,’ 
and find them from }in. to l4in. long; sometimes the 
leak a little, but on being drilled, tapped, and plugged with 
several small copper plugs, will run for several years. 
Others, and in fact nearly all these small ‘ mud cracks,’ do 
not leak at all. It is probable that the accumulation of 
scale around the stay-bolts is the immediate cause of these 
small checks or cracks. The scale on one side of the sheet 
and the fire on the other produce the result described. 
Allowing for the cracking of steel furnace sheets and ex- 
pense of patching or replacing them, I must say that I am 
still of the opinion that steel is the best material to use for 
this purpose, but I again say that manufacturers must 
devote their attention to making steel of low grades—soft, 
ductile, and homogeneous. 

“*For the outside shells of locomotive boilers I think 
steel plate should be used. 

‘In regard to the form and proportion of boilers, we 
have nothing new to offer. The ground has been canvassed 
yearly for the last seven years, during which time straight 
and wagon-top boilers have been discussed, so also have 
water tables and firebrick arches, and a few other appli- 
ances. The facts and figures in relation to all these have 
been placed before the Association and now form a part of 
its records. I do urge, however, the importance of I large 
furnaces for coal-burning engines ; the use of flues. not less 
than 11 ft. in length ; the ission of air above the fire 
through hollow stay-bolts, or tubes provided for that pur- 
pose ; the use of } in. steel or ¥ in. iron for sides, back and 
crown of furnace, and # in. steel or yin. iron for back, flue 
sheets. The use of small smokeboxes will also be found 
advan us. I would recommend that all steel sheets 
should be annealed after being flanged, and I think all holes 
in steel plates should be drilled, 

‘* Yours truly. 
1 «gs. J. Hayss, 
Superintendent of Machinery, IMinois Central Railroad.” 


RENEWAL OF FIREBOXES. 


From the reports of 1277 coal-burning ines havi 
steel fireboxes, we find that but 15 <amebel t9 earn tek 


their fireboxes renewed on account of the old ones becoming 


unserviceable from small ks at stay-bolts, rivets, being 
- akan acstanuaeenatt 

es in use from four to seven 5 
and had made the following mileage: One made 95,000 miles ; unfrozen 


125,000 miles 


one, 118,000 miles ; five averaged each ; 
made 154,000 miles ; 


four averaged 140,000 miles; one 





two averaged 188,500 miles ; and one’s mileage was not 
given. The average for the 14 givenis 137,700 miles each. 

The highest mileage given of a steel firebox which is still 
in good condition is on the Old Colony Railroad, *. 
The 


passenger engine which has made 245,000 miles. 
North sylvania Railroad reports a mil of 250,000 
in 


assenger — and 123,000 in freight, and the fireboxes 
still in like good condition. The Central Railroad of New 


Jersey reports steel fireboxes on that road as having made | v 


a mileage in passenger engines of 235,000, and in freight 
engines 112,000 miles, which are still in good condition and 
free from cracks. : 


The Terre Haute and Indi is road reports a mileage 
of 184,000 in Lag my 208,000 in freight engines, and 
the Jeffersonville, mn, Indianapolis 200,000 miles 


in passenger and 150,000 in freight engines, the firebox 
ae of which are still free from cracks and in good con- 
ion. 

The Lake Shore and Michigan Southern Railway gives a 
mileage of 136,000 in passenger and 163,000 miles for 
freight engines in which the steel fireboxes are yet in good 
condition. her roads reporting the mileage of their 
steel fireboxes’ which are still in order, give it from 
100,000 to 180,000° miles: From the experience had-with 
steel fireboxes on the roads making reports to us, the con- 
clusion is reached by them that on roads where good and 
comparatively pure water-is used, such as the North 
Pennsylvania and Old Colony Railroads, 300,000 miles may 
be considered the average lifetime of a firebox before re- 
newal is necessary. A number of other roads, that report 
the quality of water used as medium, state that on their 
lines 250,000 miles may be considered a good average 
mi for the lifetime of a firebox ; and those roads that 
repo ing water that contains quantities of lime 
and other impurities, as the Lake Shore and Michi 
a the Kansas eee gee on Sv lat 

¥ es in passenger an in freight engines 
is about the average lifetime, and on the former road, 
200,000 miles is a good average for a steel firebox. 

The data in regard to iron fireboxes in which coal is 
burned are so incomplete that we cannot give figures or in- 
formation sufficient to warrant any comparisons with steel. 
Mr. Charles Graham, of the Bloomsburg Division of the 
Delaware, Lackawanna and Western Railroad, states that 
he has iron fireboxes with corrugated side sheets in the 
anthracite coal-burning engines on that road, which have 
made a mileage of 183,000 miles, and which are to all ap- 
pearances still perfect. 

Corrugated steel sheets for fireboxes are now being 
largely used on the Chicago and North-Western Railway, 
and it is stated, with good success. We are sorrow to say, 
however, that we have no report from the officers of that 
company in regard to its merits. Mr. James Sedgley, of 
the Lake Shore and Michigan Southern Railway, reports 
that he has 20 fireboxes with corrugated steel sheets, all of 
which are doing well. The greatest mileage made by any 
of these is 27,000. Corrugated steel is being used for the 
side sheets on several other roads to a limited extent, but 
the test has not yet been sufficient to determine the value 
as compared with plain sheets. We have been unable to 
get sufficient data in regard to the experience had with 
copper used for firebox sheets, to enable us to make any 
comparison with that of iron and steel. 

(To be continued.) 








FROZEN DYNAMITE, 
The following copy of a report which we have received 
will interest many of our readers :— 


REPORT OF EXPERIMENTS WITH FROZEN DYNAMITE. 


Glasgow, 30th May, 1876. 
To the British Dynamite Company : 

Gentlemen,—At your request, we were present yester- 
day at experiments made on the sands at your works at 
Stevenston, Ayrshire, with a view to proving that dynamite 
in a frozen state is as safe to handle and to transport as in 
an unfrozen state. 

First Experiment.—Several cartridges in a frozen state, 
and in some parts beginning to thaw, were thrown one by 
one from the hand with great force against an iron plate, 
in the manner in which snowballs are thrown in a vigorous 
encounter. The cartridges were squeezed partly to lumps 
sticking to the plate, and partly were smashed to frag- 
ments which flew round about, but there was no explosion. 

Second Experiment.—A block of iron, about 400 Ib. 
weight, wap alowed to fall from a height of about 20 ft. 
on a light wooden box containing 20 lb. of dynamite cart- 
ridges in a frozen state, and with slight signs of incipient 
thawing in spots more e to the warmth of the air. 
The box was smashed and the cartridges were crushed flat 
and pounded together, but there was no explosion. 

Both before and after the operation we ins and 
handled the cartridges, to make sure that they were frozen. 
We ascertained this by finding them hard, dry, and friable; 
and by finding besides, after the fall of the weight, that on 
breaking up pieces of the crushed and compressed cart- 
ridges and holding them for some time in our warm hands, 
they melted and me moist and soft, so as to work in 
our hands like putty or wet clay. y 

Third Experiment.—The crushed cartridges were next 
made up into two heaps, and placed on the sand to be ex- 
ploded. This was effected by inserting among them a smal 
unfrozen cartridge or ‘‘ primer’’ of dynamite, with the ordi- 
nary detonator inserted into it, and then this off by 
a Bickford fuse. The reason for employing the unfrozen 
primer to get the frozen cartridges to go off, was explained 

ing that the frozen dynamite is so difficult to be made 

to explode, that even the ordinary detonator fired within 

it, although shattering it, fails to set it off ; but that an 

cartridge or primer exploded by the detonator 
communicates its explosion to the frozen dynamite. T° 

two heaps of crushed frozen cartridges were only a few 


53! 
yards apart. They wore exploded successively, and it is 
worthy of remark that the explosion of the first, though 
very violent, did not set the other off. That second one, 
however, also made a very violent explosion when ignited 
with the aid of the detonator and unfrozen primer. 

We were much satisfied with the manner in which the 
experiments were shown to us, and we consider that the 
tests we witnessed on the frozen dynamite were very se- 
ere. We are, Gentlemen, ics faithfully, 

(Signed) James Taomson, LL.D., Professor of Civil 
Engineering and Mechanics in the Univer- 

] sity of Glasgow. 

(Signed) Jamzs THomson Borromuey, M.A., Lec- 
turer on Natural Philosophy and Demon- 
strator in Experimental Physics in the 
University of gow. 


THE PATENT BILL. 
P mt THE — oF ae. ane 
IR,— seen the letter ~ " correspo; yo ts 
M. Cotton, ahead Dr. Siemens’ Patent Law Comet, I 





may mention that, being sayeeieted with one or two mem- 
bers, I to know afew members .of the committee 
met on the Ist~April, and came to the conclusion that, al- 
though the of the Bill before Parliament was 
calculated to effect a material oe in the existing 
legislation, the Bill introduced session differing in im- 
t rs from that withdrawn last year b 


vernment, and the alterations being generally in accord- 
ance with the views advocated by the committee, yet that 
efforts should be made to insure the introduction of further 


improvements during the passage of the Bill through the 
House of Commons. I also heard that a meeti es to 
result I know 


aothing: tice sella detain tle 
no’ ,° ing m a the ho 

pressed by Mr. Cotton that Dr. Siemens and his friends 
jay not their efforts to get the Bill made what it ought 

At present, it still contains many of the most objection- 
able features. 

_It is a Bill for the wealthy, and perhaps it may yield a 
rich harvest to patent agents should it become law, but in- 
veuters of  rpeenere rapes will hore no ghanee, ae 

oes not appear to provide for retaining the provisio 
specification, and we certainly do not get rid of the pro- 
posal to examine and report, whether, by reason of the 
frivolous character of an invention sought to be patented, 
it is not worthy of a patent. 

Another thing, the Bill still provides for, is the publica- 
tion of the reports of examiners. You have on former oc- 
casions so fully dealt with this point, that nothing I can 
say could strengthen the case against such publications 

n the statement issued by Dr. Siemens’ Committee in 

1875 it was said, ‘‘ If the examiners are to have the power 
of recommending the refusal of a patent alhogetnen, it does 

go with the 


ex- 


not seem necessary that the reports shoul 

are adverse it is undesirable, for if 
applicant ultima nef obtains a patent its marketable 
value may be impaired or destroyed.’’ I agree with the 
proposal so widely supported, that patents should be refused 
only in cases of fraud or where the invention is con to 
were In all other cases I think a patent should be 
granted for what it may be worth. And where the patent 
is granted the report should not be published. But when 
a patent is refused I think the — showing wiy the 
patent is refused, should be publi hed. I consider this 
would be necessary to insure fair play. 

The cogninenh of paid Commissioners, the allowance 
of at least seven years before a patent should be liable to 
be revoked on the ground that it has not been put into 
operation by the patentee or his licensees, and other im- 
portant points advocated by Dr. Siemens’ Committee, are 
still absent from the present Bill. Hence there is ample 
work before the Committee, if a fatal blow to the progress 
of industrial arts is to be averted. 

I am, Sir, yours faithfully, 
Henry 8. Copianp, C.E. 
la, Duke-street, Adelphi, W.C., June 21, 1876. 


BURNING SAWDUST. 
To THE EDITOR OF ENGINEERING. 
S1r,—Will you pardon me for trespassing on your very 
valuable time and space? My object is to get information 
of some effective arrangement for burning pitch-pine saw- 
dust as fuel in a portable steam engine boiler. 
hopes of an early answer through your valuable 


paper, 


Ferre and if th 
the 








T remain, yours truly, — 
L, eee: 
Wiegand’s Works, Reval, Russia, June 14, 1876. 


‘UNISON EXPANSION GEAR.” 
To THE EpITOR OF ENGINEERING. 

§1n,—In your notice of the above, you state that one 
end of the expansion link is coupled to the main slide valve 
spindle, ‘‘or tothe eccentric rod,” &c. ; this should be *‘not 
to the eccentric rod’’ which works the same, The difference 
is very great, for it is owing to this mode of coupling the two 
valves that the same move together when thrown out of 
gear. 





ully, 


I remain, Sir, yours v 
Bi es | . W. CRoun. 


Greenwich, June 17, 1876. 


Tue Suxzz eae ag! ie, aay, er months of ger zeer 
692 ships passed e Snez as com wi! 
in th ‘ing period of 1875, and 960 in the 


714 in the correspon 
x ing period eh The transit revenue collected 


correspo! 
in the first five months of this year amounted to 548,960/., 
as compared with 525,7671. in the cremmpending pore of 
1875, and 447,303/. in the corresponding period 4. It 

ill thus be seen that the revenue of the com is still 











will 
. extending, notwithstanding the dulness of the 
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DOUBLE-BOGIE CARRIAGES. 

It is now about two years since the Midland | 

Railway Company commenced running Pullman 
cars on their line, the first regular service of these 
cars having been established, as many of our readers 
will remember, between London and Bradford. ‘The | 
result of the working of these cars was so satisfactory 
to the aw ws that they soon largely extended their 
use of double-bogie passenger stock ; and when about 
fourteen months ago (vide page 263 of our nineteenth 
volume), we described and illustrated the Pull- 
man drawing-room and sleeping cars, the Mid- 
land Company had either on their line or in 
course of construction, 68 double-bogie carriages, 
of which 25 were Pullman drawing-room cars, 
11 Pullman sleeping cars, and the remaining 
32 first and third class double-bogie carriages 
variously arranged. ‘The whole of these carriages 
had two four-wheeled bogies, the four-wheeled 
bogie having at first been adopted in preference 
to the six-wheeled type, partly with a view, we 
believe, of saving some dead weight, although 
the experience in America had been strongly 
in favour of the additional ease of running 
obtained oY the use of bogies with six wheels. 
Recently, however, some very fine composite 
carriages with two six-wheeled bogies have 
been placed on the line, and they are now being 
used, amongst other services, on the trains for 
working the Scotch traffic vid the company's 
new Settle and Carlisle line, recently described 
in our pages. - These carriages have been built 
from the design of Mr. T. G. Clayton, the 
superintendent of the carriage and wagon de- 
partment of the Midland Railway, through 
whose courtesy we are this week enabled to 
place full engravings of them before our readers. 
Altogether 44 of these carriages are either at 
work orin course of construction, 32 being in 
course of delivery by the Metropolitan Carriage 
Company of Birmingham, and 12 by the Ashbury 
Carriage Company of Openshaw, Manchester. 

As will be seen, on reference to the two- 
page engraving which we publish this week, the 
new carriages differ materially in their congtruc- 


tive details from the Pullman cars we ces¢ribed ees f 


fourteen months ago. The latter carriages had 

no side doors, and it was therefore possible to 

get vos vertical stiffness in the bodies by the 
employment of a deep trussed framing introduced 
below the windows, ‘lhe new carriages, on the other | 
hand, are divided into compartments, with side doors 
as in ordinary English practice, and the necessary 
vertical stiffuess between the points of support on the 
bogies has therefore had to be obtained in a different | 
manner to that resorted to in the Pullman cars. The 
new carriageshavealso been specially designed so that | 
they may not only work in trains by themselves, but 
may also be available for use with ordinary stock, 
having side buffers, or may connect and work in| 
with the Pullman cars, To arrange this was attended | 





(For Description, see Page 53-4.) 


if 


with several practical difficulties, but these have been 
overcome by the adoption of a particular arrangement 
of buffers and couplings, the coupling and draw gear 
being constructed to meet all the above-mentioned 
requirements. 

The carriages have also been designed with a view 
of obtaining very steady running at high speeds, and 
we believe that they leave nothing to be desired in 
this respect. Their length and weight causes them 
to be less affected by any little irregularities on the 

































































road than smaller and lighter vehicles, and the six- 
wheeled bogies on which they are carried conduce 
materially, as we have already stated, to the ease of 
riding. ‘Thus the use of six wheels to each bogie 
not only relieves the tyres and springs by reducing 
the weight on each wheel, but reduces also the shock 
sustained at a bad joint. 

The bogie frames, of which we give detailed views 
on the opposite page, are constructed ef wood and 
ironin combination. The weight of the body rests 
almost entirely on the centre of the bogie, the centre 
bearing consisting of a hollow cast-iron cup with a 











PUMP AND BROTHERHOOD’S THREE-CYLINDER ENGINES. 


CONSTRUCTED BY MESSRS. BROTHERHOOD AND HARDINGHAM, ENGINEERS, LONDON. 
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corresponding round faced casting secured to the 
carriage body, there being a 3-in. pin in the centre 
which serves to hold the body and bogie together, 
and around which the bogie swivels. ‘The bearings 
under the sides of the carriage frame which touch 
those on the bolsters of the bogie frame bear little or 
no weight, being provided principally for the purpose 
of steadying the carriages and preventing rolling at 
high speed, 
eferring to Fig. 3 on the present and Figs. 5,6 and 
7 on the opposite page, it will be seen that the 
hollow cup forming the central bearing of each 
bogie is fixed to a longitudinal timber, bolted 
between strong iron knees which secure it to the 
bolsters. These latter are of timber, stiffened 
by wrought-iron plates bolted to them, and they 
each bear upon a couple of pairs of elliptical 
eprings, as shown in Fig. 7. These springs in 
their turn bear upon the swing beams, which 
are slung, by pairs of inclined links, as shown 
in Figs. 5 and 7. From these views it will 
be seen that one link of each pair is coupled to 
a wrought-iron cross stay, uniting the side frames 
of the bogie and curved downwards, as shown 
in Fig. 7, while the other link is attached toa 
cross-beam, which also unites the side frames of 
the bogie, but which is formed of two pieces 
of timber with a wrought-iron plate bolted 
between them. These last-mentioned cross- 
beams are connected to the end frames or head- 
stocks of the bogie frame by longitudinals, as 
shown, and they serve to steady the bolsters 
already mentioned, while at the same time they 
do not interfere with their lateral movement per- 
mitted by the action of the swing beams. 


We have now traced the distribution of weight 
to the side frames of the bogie, and referring to 
Fig.4 on the opposite page, it will be seen that 
each side frame takes a bearing on a couple of 
helical springs, these springs each resting upon 
a curved equalising lever connecting the axle- 
boxes, as shown. ‘This arrangement secures an 
equal distribution of the weight on the wheels, 
while it will be seen that any shocks arising 
from the roughness of the road have in the case 
of each bogie to be distributed between four 
helical and four pairs of elliptical springs 
before reaching the body of the carriage. 

The carriages are each, as shown by our two- 
page engraving, divided into three first-class com- 
partments, four third-class compartments, and one 
compartment for passenger luggage, this compart- 
ment being sufficiently large to contain all the 
luggage of the passengers riding in the vehicle. For 
the sake of uniformity the luggage compartment is 
made the same size as a first-c compartment. 


The carriages are constructed for carrying 58 pas- 
sengers—namely, 18 first-class and 40 third-class. 
aa will be seen from the cross — and end 

evation, Fig. 3, on the opposite page, the carriages 
are not only lofty for ule whale 


width, but gain 














UNGINEERING, Jone 23, 1876. 














COMPOSITE CARRIAGE WITH SIX-WHEEL|] 
CONSTRUCTED FROM THE DESIGNS OF MR. THOMAS G. CLAYTON, SUPERD 
(For Deseriptic 
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-ELED BOGIES, FOR THE MIDLAND RAILWAY. 


SUPERINTENDENT OF THE CARRIAGE AND WAGON DEPARTMENT, MIDLAND RAILWAY. 


Description, see Page 582.) 
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DETAILS OF DOUBLE-BOGIE COMPOSITE CARRIAGES FOR THE MIDLAND RAILWAY. 
CONSTRUCTED FROM THE DESIGNS OF MR. T. G. CLAYTON, SUPERINTENDENT OF THE CARRIAGE AND WAGON DEPARTMENT. 







































































additional height in the centre from the construction | regards the lighting for night service, the form of | The under frame of the carriage is very strong, 
of the roof, the centre of the latter being raised as in | lamp has not yet been finally determined upon. At | the soles being covered on the outside and bottom 
the Pullman cars. The sides of this raised portion | present the carriages are lit by ordinary 8-in. roof | by 9 in. by 4 in. by 4 in, angleiron, and stiffened by 
are fitted with windows and sliding ventilators, so | em but it iegeobable that a lamp suspended lower | truss bars as shown in the side elevation in our two- 
as to give additional light and ventilation. As | down may ultimately be adopted. page engraving. ‘The view just mentioned, together 
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with the plan, will render the construction of the 
under frame clear, without further explanation. 
The carriages are all fitted with the Westinghouse 
automatic air brake, a system of brake which is, 
we are glad to say, coming into extended use on the 
Midland Railway. As will be seen from the views 
in our two-page engraving, cast-iron brake blocks 
are applied to four wheels on each bogie, and the 
whole brake gear is very simple and straight- 
forward. ‘ 
In conclusion, we append the specification (omit- 
ting only the parts relating to delivery) under 
which the carriages we have been describing were 
built :— 
MIDLAND RAILWAY. 
Specification of a Composite Carriage on Sia-wheeled 
ogves. 
PRINCIPAL ‘DIMEMsIONs. 


ft. in. 
ayy over the panels 54 0 
Width 50 ° ‘s ive ins ete 8 0 
Height from the floor to the underside 
of roof boards in centre a5 a 8 4 
Height of doorway... - -— ose 6 0 
Height from the top of the rails to the 
centre of side buffers... ase - 3 4 
Height from the top of the rails to the 
centre of the centre buffers... ose 8 8 
Distance from centre to centre of bogies 36 0 
Wheel base of each bogie... pt ann 10 6 
Diameter of wheels as eve ats 3 7 
Length of axle from centre to centre of 
journals ... eee - aia aad 6 6 
Size of journals, 8 in. by 3} in. 
BODY. 


All the framework, and filleting under the eaves of roof, 
to be of the very best white oak, shaped and put together 
and secured as shown in the drawing. All the mortices, 
tenons, and joints to be well white-leaded before bein put 
together, and firmly secured with screws. The inside lining 
boards to be of the best Swedish yellow deal. The panels 
to be of good dry Honduras mahogany, doubled, canvassed, 
and blocked, and firmly pinned on, and further secured by 
mahogany beading. 

Roof.—The roof sticks or rafters to be of oak, dovetailed 
into the top side frames, and firmly screwed in. The roof 
boardings to be of the best Swedish yellow deal, grooved 
and tongued, and to be painted with three coats of good 
white-lead paint, and well stopped > The roof cloth to be 
equal in quality to sample ; it must be laid on a very thick 
coat of wet paint, and well stretched and fastened down 
uuder the eaves, and secured by the filleting. The roof 
| protectors, plugs, and seatings, to be made to 
sample. 

Ploor —The flooring to be of the best Swedish yellow 
deal, grooved and tongued, and well screwed down to the 
floor bearers and along the sides and ends of the frame. 

Partitions.—The partitions between the compartments 
to be of the best Swedish yellow deal, grooved aud tongued, 
and to be well screwed at the top, bottom, and sides. The 
seat rails and supports to be of white oak. 

Glass.—The glass in the side lights to be of the best 
polished plate, perfectly clear, } in. thick, well bedded in 
good white-l utty, and secured in place by outside 
moulding. The glassin the door lights to be } in. thick, 
of the best — late, and perfectly clear. The glass 
in the roof lights to be } in. thick, embossed and ground to 
an approved design. 

UNDERFRAME. 

The whole of the underframing to be of the best white 
oak. All the mortices, tenons, joints, and bolts to be well 
white-leaded before being put together. The solebars to be 
covered on the outside with angle iron 9 in. by 4in. by 
4 in., jointed and put together as shown on the drawing; 
the solebars to be in one length. 

Drawbars, §c.—The drawbars, screw eouplings, and 
side chains, to be made of the very best cable iron. All 
other iron to be the best best Staffordshire of good and 
cores quality. 

heels, §c.—The Midland Company will supply to the 
contractors the wheels and bearing springs. 

Azle Bowes.—The axle boxes to be “~ * of = tough 
cast iron, and to be well fitted, the brasses to made of 
copper and tin only, 1 lb. of tin to 6 Ib. of copper. 

BOGIE FRAMES. 

The bogies to be framed and put together as shown on 
the drawing, the whole of the wood framing, bolsters, and 
swing beams to be of the best white oak, the plates for side 
frames and cross-bearers to be best best Staffordshire iron. 
The side beams, suspending bolts, links, and pins to be of 
Lowmoor iron. All the iron to be stamped M. R. Co. and 


Fish. 
TRIMMING. 

The first class compartments to be trimmed with the best 
blue woollen cloth according to sample, lined with stout 
unbleached calico, the squabs to be of the best Forfar can- 
vas, and stuffed with best curled horsehair. The inside of 
doors, arm rests, glass strings, and holders to be covered 
with best Morocco skins. One hundred pounds of the 
best curled horsehair to be used in each t class com- 
partment. The laces to be according to samples. The in- 


side of the compartments above the trimming to be lined 
with thin mahogany panel, canvassed and veneered with 
good syeamore, with a margin round each piece made of 
bird’s-eye maple, and gilt mouldings in the corners, as 
shown in the drawings. The umbrella nets to be of blue 
worsted cord, the rods of bird's-eye ; brackets and 
hat cords to samples. The window ins to be of the 
best French merino, with M, R. stamped in, The rods and 





rings to be of bird’s-eye maple. The brackets, silk cords, 
ivory studs, &c., to samples. Cloth welts to be nailed 
round the door pillars for the doors to shut against. The 
floor to be covered with oileloth to sample, and a piece of 
rope covered with carpet to be tacked across each doorway 
to prevent draught. 

THIRD CLASS TRIMMING. 

The seats to be.covered with woollen repp to mY and 
stuffed with best curled horse hair to width and shape 
shown, and made up of best Forfarcanvas. Umbrella nets, 
oak rods, brackets, hat cords, &c., to samples. 


PAINTING. 

The whole of the outside to be painted with three coats 
of white-lead paint, and five of filling up. After the facing 
down to have three coats of lead colour, one of brown, 
three coats af crimson lake, and four coats of body varnish. 
The third-class and } compartments inside to be 

inted with four coats of paint and — oak, and to 

ave two coats of wainscoat varnish. The top of roof canvas 
to have three thick coats of lead colour paint and all below 
the underframe to be painted black. The picking out, fine 
lining, gilding, arms, crest, writing, and numbering, to be 
done according to sample and instructions. 

The whole of the materials to be the best and most suit- 
able of their respective kinds, the workmanship to be good 
and in strict accordance with the form, arrangement, and 
intent of the drawing and specification, and the Midland 
Railway Company’s superintendent, or his inspector, shall 
have full power to inspect while in progress of building, and 
to reject any carriage, or I oi of a carriage, with which he 
may not be entirely satisfied, so far as it regards material, 
workmanship, or finish. 








CENTRIFUGAL PUMP AND THREE- 
CYLINDER ENGINE. 

We give, on page 542, an engraving showing a centrifugal 
pump driven by a pair of Mr. Brotherhood’s well-known 
three-cylinder engines. The pump is of the Appold type, 
with a dise 14in. in diameter, and it is intended to deliver 
800 gallons per minute on a 35 ft. lift, the speed being 800 
revolutions direct. The engines, as will be seen, drive the 
pump direct, there being two engines connected one to each 
end of the pump spindle. The engines have cylinders 4 in. 
in diameter with 3 in. stroke. The employment of two 
engines in this way equalises the strain on the pump spindle, 
and it is found moreover that for such very high speeds 
the use of small engines is preferable. The whole arrange- 
ment is very neatly worked out. 








NOTES FROM THE SOUTH-WEST. 

Great Western Colliery.—On Thursday a new shaft for 
working the steam-coal seams at the Great Western Colliery, 
Pontypridd, was formally opened. The total cost of the 
undertaking up to the present time has been 60,0001. ; and 
it is intended to spend from 20,0001. to 25,0001. more in 
completing the works. The coal to be worked is 20 ft. in 
thickness, and is expected to yield 12,000,000 tons. 


The Forest of Dean Strike-—Work was resumed on 
Wednesday by the tin-plate workers at Lydney, Forest of 
Dean, at 7} ad cent. reduction. Notice of 5 per cent. re- 
duction has been given to the colliers employed by Messrs. 
Lackes, Forest of Dean. 


Trade at Cardif.—With regard to trade in Cardiff coal 
has during the past month fallen 3d. per tonand the price 
of railway iron_has gone up 10s. per ton. 


Exeter Water Company.—The Exeter Water Company 
have completed new works at a cost of 15,5001. 


Bristol Wagon Works Company.—The half-yearly report 
of the Bristol Wagon Works Company has — issued. 
It shows a balance of 9132/. available for dividend, 
and the directors recommend a dividend at the rate 
of 12 per cent. per annum, making 9 per cent. for the year. 


Pontymister Tin Works.—A month ago Mr. Banks, the 
master of these works, put up.a notice that all contracts 
would cease at the month’s end. The month’s notice ex- 
pired on Saturday, at twelve o’clock, and all the men gave 
up their posts. The reductions proposed vary from about 
5 to 10 per cent. The millmen stood out against 10 
per cent., but eventually an agreement was come to 
between master and workmen, and the works will start 
again before the end of the week. 


Coal Raising at Aberdare-—On Wednesday coal was 
raised for the first time from the Maerdy Pit, Aberdare. 
The colliery is the property of Mr. Mordecai Jones, and in 
the course of about two months, it is expected that 100 tons 
of coal per day will be brought to bank. On Thursday 
the Government inspector, with Mr. James, the manager, 
went over the pit and examined it, everything being found 
in a satisfactory condition. 


Rights of Free Miners.—An important case affecting the 
rights of free miners in the Forest of Dean, has been settled 
by Vice-Chancellor Malins. His lordship held that when 
a free miner had duly made an application to the gaveller 
for a “‘ gale’’—that is to say, a grant of mining land witbin 
the Forest—and had afterwards died, the Crown could not 
refuse to make the grant to his representatives. 
Fitting Heavy Guns.—Some alteration is likely to be 
made in the system under which heavy guns and hydraulic 
are fitted on board Her Majesty’s ships. Hitherto it 
as been customary, as in the case of the Thunderer, at 
Portsmouth, to have a considerable number of workmen 
from the factory of Sir William Armstrong and Co. (who 
supply the greater portion of the hydraulic ) og cxryeeng 
machinery to the navy on board the ships com- 





pleting those fittings, Thich it : impossible to carry out at 





the factory without thegun. This ent is attended 
See maeeenaeeay Cage ae expel, in the case of the 
25-ton guns of the Téméraire it is proposed to send one of 
these guns to Sir William ’s works, in order that 
the carriages may be completed there, so that when put on 
board the ship she may be ready to receive her a * 
considerable saving both of time and money may Te cotta. 
— to result from this new arrangement, which is per- 
ectly feasible, ——- for guns of the heaviest calibre 
which are difficult of transport. 





NOTES FROM THE NORTH. 
Giasaow, Wednesday. 

ey Pig Iron Market.—The pig iron market was 
steady last Lew ayny | forenoon, and a good business was 
done in warrants at from 58s. 7d. to 58s. 9d., closing sellers 
at the latter with buyers at the former. There was a con- 
tinuance of the steadiness in the afternoon, but without any 
business being reported or any alteration in the forenoon 
closing prices. Quietness was the rule on Friday forenoon, 
and a very limited business was done in warrants at 
57s. 7id. cash and 14 days, closing sellers over, buyers 
57s. 6d. The afternoon market was steady, and without 
any variation from the forenoon quotations. A moderate 
amount of business was done on Monday forenoon at 
57s. 6}d. and 57s. 7d. cash, also 57s. 74d. one month open 
—closing sellers 57s. 7d., buyers 57s. 64d. cash. No busi- 
ness was reported in the afternoon, nor was there any 
change in prices. The market was flat yesterday forenoon, 
and a fair business was done in warrants at 57s. 6d. cash 
and one month, closing sellers over at the quotation, buyers 
very near. There was no business done in the afternoon, 
sellers at the close 57s. 7}d., buyers 57s. 6d. cash. The 
market was a shade firmer this forenoon, and a limited 
amount of business was done at 57s. 7d. one month open, 
-~ buyers over, sellers 57s. 74d. Quietness reigned in 
the afternoon. The prices of special brands remain un- 
changed, but on the whole No. 3 G.M.B. iron is very slow 
of sale, and second-hand lots have been pressed upon the 
market at prices much below the official quotations. Specu- 
lation for the present appears to have almost died out, and 
holders are becoming less and less sanguine of any imme- 
diate improvement in the pig iron trade. Last week’s ship- 
ments amounted to 7626 tons as against 11,118 tons in the 
corresponding week of last year. There are still 116 blast 
furnaces in operation as against 122 at this time last year. 


The Late Mr. James Baird.—The last surviving member 
of the original firm of William Baird and Company, iron- 
masters and coalmasters, Gartsherrie, has just passed away 
at the advanced age of nearly seventy-four years. The in- 
dustrial concern with which Mr. James ird was con- 
nected from the time he was about twenty years of age has 
eventually become one of the greatest industrial under- 
takings of any private firm in the kingdom ; as the readers 
of ENGINEERING are well aware the Gartsherrie brand of 

ig iron has long been known as one of the most famous 
in the world. 


Pipe Founding.—This branch of business still continues 
to be a sort of exception to the rule in being busy, and it 
promises to remain so for some time to come, as there are 
reported to be several contracts for water pipes spoken of 
as likely to be given out soon. 


Explosion of Dynamite-——From some unknown cause 
not yet fully inquired into an explosion of dynamite occurred 
at Hamilton on Monday forenoon, by which at least seven 
persons have lost their lives. The explosive had been in 
use by Messrs. Charles Brand and Son, the well-known 
railway contractors, in connexion with their contract on 
the new Glasgow, Bothwell, and Hamilton Railway ; and 
although the rule had been to keep it safely stored in the 
magazine, a quantity of it, said to have been deteriorated 
by rain in that receptacle, had been for a number of weeks 
kept in a workshop, one end of which was occupied by 
joiners and the other by blacksmiths. At least one of the 
workmen employed in the place has escaped, and it is just 
possible that he may be able to give some valuable evidence 
regarding the history of the exploded d ite and the 
condition of things that existed at the time of the explosion. 
No public inquiry is held in Scotland of the character of a 
coroner’s inquest, but the investigation into the causes of 
death in such cases is conducted in private by the county 
procurator-fiscal. However, the Home Secretary has 
promptly sent down Major Majendie, the Inspector of Gun- 
powder Factories, Magazines, &c., to assist at the official 
inquiry which has been commenced ; and doubtless, from 
his rare talents and _ knowledge in connexion with 
explosive substances, he will get at the bottom of the 
matter, if it can possibly be reached. 


BL ye sage yon Oil a branch of trade ome * 
again ‘‘looking up.” oung’s Paraffin Light an 

Mineral Oil Company fave never paid less than 9 per cent. 
dividend, which was the rate declared within the last fort- 


night ; and yesterday the annual meeting of the Oakbank 
Company, when, after allowing 10 per cent. for deprecia- 
tion, ing forward 13971. 13s. 1d. to the reserve 


carrying 
fund, a dividend of 7} per cent. was declared. Many people 
connected with this new industry are rather buoyant, and 
are confident in the belief that there is a permanent future 
for the trade, even after the American petroleum wells have 
been “‘ played out.”’ 


Thomas Wingate and Compan 
sripbetidon business of bw 2 ingate -_ Compeay. . 
8 ers, engineers, and ironfounders; lasgow, 
been announced as about to be transformed into alimited 
iability business, with a capital of 300,0001. There is no 
doubt that it has hitherto been a most successful business, 
and the trade of the establishment has bronght for the firm 
an eminent reputation over the whole world, more especially 


(Limited).—The old- 





in connexion with steam dredging plant. 
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DANGEROUS TANKS. 

Tae recent failure of a large. cast-iron tank at St. 
George’s Hospital will doubtless direct the attention 
of architects and builders to an unsuspected source 
of danger in many other buildings besides St. 
George’s. The circumstances attending the above 
accident —the consequent death of at least one poor 
woman, and the disastrous effects of the shock, diffi- 
cult to appraise, upon the whole of the unfortunate 
inmates — render the case a painful one to all, and to 
engineers especially so, since they will have gathered 
from the evidence tendered at the coroner's inquest 
on the 15th inst., Pein capa and unscientific though 
that evidence be, that the accident most surely re- 
sulted either from defective design or imperfect 
maintenance, and not from causes beyond the 
= of those responsible for the condition of the 

ank, 

_It is much to be regretted, from a public point of 
view, that no scientific witness, such as a Board of 
Trade engineer or other authority practically con- 
versant with the analysis of complex strains in iron, 
work, and experienced in the resistance of materials 
generally, was called on the | of the hospital 
authorities, With the best of intentions, and from 
no real desire to preclude the possibility of the 
actual and immediate cause of the failure being 
elicited, they placed the investigation in the hands 
of a firm of architects and surveyors of un- 
doubtedly deserved reputation as such, It was not 
known tothe doctors asitis to engineers that a special 
providence watches over architects and surveyors in 
matters of ironwork, and that upon this support, and 
upon nothing else, do too many of their structures 
depend. The specifications ae ings occasionally 
issued by surveyors would lead an engineer to con- 
clude that some huge practical joke was in contempla- 
tion. We saw a few months ago a drawing of a 
wrought-iron girder prepared by a ugh surveyor, 
= which the top was shown to be about 9 in, 

y 1 in,, the bottom flange 24 in, by 2 in., and the 





web 36 in. by } in. by 35 ft. in one piece! Most 
startling theories are evolved and embodied in a 
design ; for instance, not long since a well-known 
architect proposed to use much thinner glass 
in his aquarium tanks than is customary, and took 
no small credit to himself for the modification, since, 
as he pointed out, it had been commonly overlooked 
that although there was a considerable pressure on 
one side of the glass from the water in the tank 
there was also the considerable ge pressure 
of 15 lb, per square inch on the other side of the 
glass to balance it! It was conceded that the full 
pressure of 15 lb. would not take effect because glass 
is porous, or otherwise the changes which old port 
under would be quite inexplicable. In submit- 
ting, therefore, to an architect or surveyor an in- 
vestigation requiring for its complete elucidation 
a perfect familiarity with the laws governing the 
strength of a complex structure, such as the hospital 
tank really was, the authorities were running a great 
risk of taking a step which may be best illustrated 
to them by stating that had they been less fortunate 
in their selection of a firm, it would have been 
equivalent to issuing a requisition to Mrs. Gamp to 
preside over the obstetrical department of their 
hospital. It is no matter for surprise, therefore, 
that the failure of the tank has not yet been dis- 
cussed in its scientific bearings, and that the lesson 
afforded: by the accident has to that extent been 
thrown away. 

It cannot be too clearly made known that a cast- 
iron tank, such as that at St. George’s Hospital, is 
a murderous contrivance, only a little less fraught 
with power for evil than was the now happily long 
obsolete cast-iron steam boiler. The tank in ques- 
tion was stated to be 10 ft. square and 12 ft. high ; 
consequently, when full, a bursting pressure of some 
110 tons had to be resisted by a heterogeneous 
combination of cast-iron plates, wrought-iron ties 
and cheek plates, the partial failure of any one of 
which must necessarily have led to the catastrophe 
which we have now cause to deplore. The iron- 
work of the tank is not subject to shocks, it is true, 
but in every other respect the conditions obtaining 
are the most unfavourable possible for cast iron. 
Severe transverse strains of a more complex cha- 
racter than those occurring in continuous girders 
take effect upon the cast-iron plates, and there is 
necessarily a racking action or alternation of exten- 
sion and compression on the joints and elsewhere 
under the ever-varying level of the water in the 
tank, which such plates, from want of pliancy, are 
ill adapted to resist. Some 25 years ago some men 
were killed at a brewery from an accident to a large 
vat traceable to the preceding cause. Again, from 
the small ultimate deflection of cast-iron plates, 
a slight original error in the adjustment of the tie 
rods, or a subsequent corrosion of the fastenings, 
would have a most potent, influence on the distribu- 
tion of the strains, and from the unequal elasticity 
of the flanged plates a fracture might at any time 
be initiated at the more rigid portions near the joints, 
Scientific design, perfect workmanship, skilled in- 
spection, and a large factor of safety must all be 
present to justify the use of cast iron in such tanks 
as that at St. George’s Hospital, and to use it 
even then merely marks the indulgence of the de- 
signer in an expensive whim, for wrought iron is, in 
every sense of the word, better, safer, cheaper, and 
more durable. 

We have not forgotten that the chief engineer of 
the makers of the tank informed the jury that cast- 
iron was preferable to wrought iron for such pur- 
poses, because it corroded less, Even if the fact 
were 80, the same argument might be adduced to 
justify the use of cast iron in ships’ plates. But 
fortunately the fact is not necessarily so: we have 
had a somewhat extended experience in the design 
and working of wrought-iron tanks from 100 galls. to 
20,000 galls. in size, and we have never experienced 
any inconvenience from corrosion, If the interior of 
a tank is properly paid over with tar and naphtha or 
other suitable medium, the water obviously never 
comes in contact with the plates; and if to make 
security doubly secure, the iron be coated with 
Welch’s preparations as used by the Admiralty, the 
surfaces of the ye will be entirely free from 
corrosion, though the tank, filled with the foulest 
water, be left uninspected for many years. In the 
early days of iron shipbuilding great fears were 
entertained on the subject of corrosion, until it was 
pointed out that some iron barges of very thin 
ead were still at work though built 40 years pre- 
viously, 





When made of wrought iron the plates, gussets, 


and stays of a tank are solidly rivetted up so as to 
constitute an integral structure subject to no rack- 
ing or play, and consequent wear at the joints or 
stays. A wrought-iron tank may be left without 
anxiety to the tender mercies of careless attendants, 
since if neglected it will at the worst bend but not 
break, A cast-iron tank, on the other hand, may 
at any time explode like a shell from no greater 
cause than a slight settlement of the brickwork, a 
rotting of some wall sleeper, or finally from corrosion 
at the points of attachment of the wrought-iron 
stays to the cast-iron shell. We have frequently 
seen cases where from the combined effects of cor- 
rosion and play, the hole in a cast-iron lug has been 
enlarged to a sufficient extent to permit of the 
wrought-iron stay bolt, originally screwed to the 
lug, being withdrawn through the hole without re- 
moving the nut at all, and no doubt many other 
instances will occur to our readers illustrative of the 
limited life which such an arrangement of staying 
as that of the St. George’s tank must necessarily 
enjoy. 

uch as we regret the deplorable results of the 
late accident, we think it will not be entirely with- 
out good if it teach the large class of ignorant 
builders and thoughtless architects that cast iron 
will resent the liberties they are accustomed to take 
with rolled joists, rivetted girders, and timber beams, 
all of which obligingly intimate the fact that they 
are overloaded by visibly bending under the stress 
imposed. We could cite several instances where 
floors from original weakness in the rolled joists 
have sagged 3in. or 4in., and we could cite other 
instances where cast-iron girders under similar 
circumstances have come down as suddenly and un. 
expectedly as a thunderbolt. 

t is to be regretted, as we have before remarked, 
that the broken tank has not been subjected to a 
scientific examination by a properly qualified person. 
So far as we understand the evidence, and we only 
know it as reported in the daily journals, it was 
found that the *‘ mallet-headed” stay bolts had suffi- 
cient lateral play in the cheek plates to allow the 
bolt head to draw out of one of the plates, and it 
was apparently assumed that it did so draw out, 
Even if it could be definitely proved that the bolt 
shifted—and we confess we hardly see how the matter 
could have been carried so far, because if the move- 
ment was observed before the failure the jury might 
possibly have considered a verdict of manslaughter 
not inappropriate, whilst if it was only inferred 
from the position of the other stays after the great © 
shock of the accident, the process would far more 
resemble a guess than a proof—in any event the 
investigation under such circumstances must, from 
a scientific point of view, be pronounced incomplete 
and valueless if not actually mischievous. 'To assume 
that the tank would be safe if the bolts could not 
shift might quite possibly lead to a recurrence of the 
catastrophe. The cast-iron plates may have been 
strained beyond the limits of elasticity from the mo- 
ment that the tank was first filled in 1869, and the 
ultimate failure of the tank may have been thus 
insured independent of any question as to the in- 
tegrity of the staying. Whether there was or was 
not an original weakness in the tank as designed can 
only be decided by calculating or measuring the de. 
formation of the plates under the pressure of the 
water, and considering in relation thereto the effect 
upon the distribution of strains of any original error 
in the adjustment of the tie rods or subsequent 
slackness of the latter by reason of corrosion at the 
cheek plates. Without knowing the details of the 
design a few trial calculations will satisfy any expert 
that very severe strains would be thrown upon the 
flanges of the plates by an error in the adjustment 
of the ties which might be wel] thought insignificant 
by an unskilled observer. In the absence of a com- 
plete scientific investigation of the question, it is 
obvious that a grave responsibility will rest upon 
the hospital authorities if they reinstate the present 
tank upon the assumption that all will be well if 
precautions be taken to insure it against the effects 
of conemnn and the slipping of ‘‘ mallet-headed” 
tie-bolts, 





THE ATLANTIC CABLES. 
Tux thousand pounds’ reward offered by the 
Directors of the Direct United States Cable Company 
for the discovery of the mene persons who had 
maliciously injured their cable, does not seem to 
have brought forth any effect. In our issue of 


February 25th, we stated our reasons for believing 
that the breaks in the Direct Cable were not done 





maliciously any more than are the breaks which 
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occur in any other cables, and the fact that the hig 
reward offered for the detection of any malicious 
cable breakers has failed to bring forth even an 
accusation, must be taken as strong evidence in 
favour of the correctness of our opinions. But, 
moreover, Mr M. I. Gaines, Superintendent of the 
Anglo-American Telegraph Company at Duxbury, 
in a letter to the Boston Herald, states that the 
Anglo-American cable from Duxbury to St. Pierre, 
laid in 1869, has been broken regularly every year 
since it was laid except in 1874, and that in 1875 it 
was broken three times during the year. He also 
states that this cable has been broken, curiously 
enough, on the 26th, 27th, and 29th days of May in 
different years, and that all the breakages with one 
exception have been within the space of fifty miles, 
while five of them have been within a space of ten 
miles. The owners and captains of the fishing-boats 
that broke the cable, have on several occasions been 
kind enough to report all the details of the accidents, 
which he proceeds to give as a conclusive demonstra- 
tion that the breaking of the Direct Cable has been 
accidental, and not from malicious intentions or 
motives. Mr. Gaines gives the following example 
of the way the cables are broken. On the 4th of 
May, 1873, the cable was broken 66 miles from 
Duxbury by the fishing schooner, J. W. Bradley, of 
Rockport, Massachusetts. The facts in this case 
were that the day before the cable was caught 
it came on to blow severely. The schooner broke 
adrift just before night, and they had out 
about 180 fathoms of cable. In the morning when 
the schooner hove up they supposed the anchor 
had caught bottom. After about 80 fathoms had 
been hove in they found their anchor was hung, and 
continued to heave for six hours, getting only a 
turn on the windlass as the schooner pitched down 
as the sea rose and fell. Atlast they saw they had 
the cable, and while waiting to devise the best way 
to clear their anchor the cable parted. ‘ This,” 
Mr, Gaines says, ‘is the way it is done. It is always 
the same story with variations only of time and 
place. The yr hooks the cable, heaves up his 
chain as far as he is able, putting a severe strain on 
the telegraph cable, and then swings to it, a heavy 
sea strikes him, or a tremendous ground swell throws 
him upwards like a cork, and something has got to 
go smash. That something is generally the cable, 
being the weakest.” ‘This account is much more in 
accordance with general experience than the opinion 
given by Sir W. Thomson and Mr. Bramwell in 
their report, viz., that ‘‘If a fishing vessel having 
hooked the cable accidentally brought it up to the 
surface and endeavoured to get the anchor on board, 
the cable could not be broken in the process,” and 
we may safely assume that the Direct Company's 
cable has been broken in the same way that the 
Anglo-American Company's cables have been. 
he Direct Company's cable has now happily had a 

long respite from these accidents, and has been working 
well, and it has been the turn of the Anglo-American 
Company's system to be interrupted, yet we do not 
find the Anglo-American Company insisting on any 
malicious breakage of their cables. Their Brest- 
St. Pierre cable—commonly called the French 
Atlantic—broke down on April 26, and the repair- 
ing ship Minia, which happened to be in the Thames, 
was despatched in a few days to the fault about 200 
miles from Brest, a locality where the cable broke 
down in 1873. Unfortunately on May the 4th, 
before the repairs could be completed, the last of 
the cables between Placentia Bay, St. Pierre, and 
Cape Breton, broke down, thus completely stoppin 
the communication between Newfoundland an 
. New York. One of these was quickly repaired by a 
steamer hired for the purpose. But it was thought 
advisable to get another of the Placentia cables re- 

ired, and the Minia was ordered to leave the 
‘rench Atlantic cable and proceed on May the 18th 
to Newfoundland to effect this, which she has done. 
For the repair of the French Atlantic, the s.s. 
Hibernia, which has just returned from laying 
the Australia and New Zealand cable has been 
hired from the Telegraph Construction Company 
by the Anglo-American Company. She is fully fitted 
with machinery and tackle, and Mr. J. Laws, the ex- 
perienced electrician, and Mr. London, one of the 
engineers of the Telegraph Construction Hag oe 
are entrusted with the work. The Hibernia left the 
Thames on the 18th, and we shall, therefore, no 
— soon hear of the repair of the French Atlantic 
cable. 

With regard to the 1865 cable, which has been 
broken down since March, 1873, we believe no steps 
are to be taken this year as regards its repair. 


Indeed, it seems very probable that now it never 
will be repaired, for if the Anglo-American Company 
having now two repairing ships in their employ, 
cannot — a ship to work at it, although it has 
been broken for three years, there will most pro- 
bably be no better chance at any future date. 

The coast cables, on the other side, seem to be 
the most troublesome to both companies, and in any 
future Atlantic cable it will be desirable to study 
very carefully the routes to be taken, and if no 
better than the present can be found, the cables 
must be of a heavier pattern, for the interruptions 
are too frequent for a single repairing ship to keep 
pace with. At the present moment Atlantic tele- 
graphy is employing three repairing ships. Should 
an amalgamation take place between the companies, 
some of this expense might possibly be saved, for 
whilst the Anglo-American Company were in want 
of a repairing ship on the other side of the Atlantic, 
the Faraday was on that side and unemployed. In 
any case, the Anglo-American Company's system 
of cables from Placentia Bay to St. Pierre and 
Cape Breton, is not proportionate in safety 
from complete interruptions to their sections across 
the Atlantic, for whilst complete interruption has 
only occurred on the whole of the deep-sea cables 
once, and that when there were only two cables, and 
never since there have been more than two, the 
failure of the short cables has twice caused com- 
plete interruption on their system, and has not 
unfrequently caused them to be dependent on only 
one cable to carry on the messages from St. Pierre 
and Newfoundland, although these places were fed 
by four cables from Europe. 








THE 81-TON GUN. 

SINCE we last noticed the 8l-ton gun that mag- 
nificent weapon has undergone several changes, and 
is, in fact, at the present time in the boring machine 
undergoing yet another. At the time of our last 
notice* the bore of the gun had been enlarged from 
144 in. to 15 in., and the results obtained from firing 
were highly satisfactory, indicating increased velo- 
cities with reduced pressures. Charges of 220 lb., 
230 lb., and 250 lb. of powder were used with pro- 
jectiles weighing 12601b. and 1460 1b. The pres- 
sures were fairly uniform, and only once in six rounds 
rose above 25 tons, which is considered to be the 
safe working limit, whilst the highest muzzle velocity 
attained was 1546 ft. with a powder charge of 230 lb. 
of 1.7in. cubes anda 12601. projectile, the mean 
po being 22 tonsa, It should, however, be 

orne in mind that there was another, and a very 
important element besides the altered calibre of the 
gun, which was at work aiding largely to brin 
about these favourable results. ‘This was the altered 
sizes of the powder cubes, and this has ever con- 
stituted an important point of inquiry with the 
Committee on Explosives, of which Solonel Young- 
husband, R.A., is the President, besides being the 
Superintendent of the Royal Gun Factories, The 
81-ton gun is, in fact, practically in the hands of 
that Committee, who are experimenting in eve 
possible way, in order to get the maximum wor 
out of the weapon with a minimum strain upon it. 
That they are gradually arriving at a correct solu- 
tion of the important and interesting problem the 
have undertaken to work out, cannot be doubted, 
when the progressive results of the firing of the 
8l-ton gun are considered. 

In view of this the Committee arranged for another 
series of trials with powder having cubes of three 
different sizes—viz., 1.5 in., 1.7 in., and 2.0in. These 
trials were carried out on the 25th and 26th of April 
last, during which time twelve rounds were fired with 
powder charges ranging from 250 Ib. to 280 Ib., and 
projectiles of the uniform weight of 1466 lb. The 
results of the experiments on the 25th are recorded 
in lines 1 to 6 of the accompanying Table. 

It will thus be observed from the figures given 
that the velocity fell with the enlargement of the 
cube, and rose with the increased weight of the 
charge, the highest velocity being attained in the 
fifth round with the highest. powder charge and the 
smaller cube, the mean pressure following the same 
law. The pressures were all well within the limit 
of safety of 25 tons; the muzzle energy in the fifth 
and best round was 22,377 foot-tons. 

The results of the practice on the 26th are ‘given 
in lines 7 to 12 of our Table. The first round (line 7) 
here shows a slight decrease in velocity and pres- 
sure, as compared with the first round in the pre- 
vious practice with the same weight of 1.7 in. cu 








* See ENGINEERING, p. 195 of the present volume. 





The second round (line 8) gave an excellent velocit 
with a muzzle energy of 22,718 foot-tons, Souisdnaer’ 
ting, as compared with experiment line 5, a gain by 
the addition of 10 Ib. of the 1.7 in. cubes ikees an 
increase in pressure. Again, the fourth round 
(No. 10) in this series compares well with the sixth 
(No. 6)in that of the previous day as regards velocity 
although there is an increase in the pressure. The 
fifth round (No. 11) too shows an improved velocity 
as against the third round in this series. By mis- 
chance the weight of the powder charge in the sixth 
round (line 12 of Table) was a matter of doubt; it is 
onlysupposed to have been that given in the Table, 
so that the results are valueless, although if the 
charge was as stated, they were most satisfactory. 
The trials having proved so far highly successful, 
it was next determined to convert the weapon into 
achambered gun. For this purpose it was sent back 
to the factories to have the breech end of the bore 
enlarged to a diameter of 16 in. for a length of 40 
in. With the powder chamber of the same diameter 
as the remainder of the bore, namely, 15 in., the 
maximum useful powder charge was about 280 lb., 
but with the increased diameter charges of 3]5 lb., 
were admissible, The trials with the gun thus 
altered commenced on the 24th of last month, 
although only one round was fired on that day. 
The practice was resumed on the following day, 
and both days’ results are given in lines ]3 to 20 of 
our Table. 
TABLE showing the Results obtained during the Experi- 
ments with the 81-Ton Gun on April 25th and 26th, 
May 2Ath, 25th, and 31st, and June 2nd, 1876. 
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1 1.7 | 250 | 1466 | 1459 | 21,645| 459.33] 86.58 21.7 
2 | 20] 250] ,, 1408 | 20,159] 427.77] 80.63 20.7 
S.) 22:1 Sel 2 1466 | 21,854] 463,74) 84.05 22.2 
4 2.0 | 260] ,, 1423 | 20,590] 436.93] 79,20 20.9 
6 | 17] 270] ,, 1484 | 22,377/ 475.20] 82.94 22.7 
6 | 2.0] 270] , 1440 | 21,085] 447.43} 78.09 20.9 
7 1.5 | 250 | 1466 | 1451 |21,409/ 454.31) 85.64 20.5 
8 | 17] 280] ,, 1495 |22,718| 482.26) 81.17 22.7 
9 1.5 | 260] ,, 1474 | 22,093] 468.82) 84.97 20.7 
10 | 2.0] 280] ,, 1456 |21,556| 457.43] 76.99 21.7 
ll 15 | 270] ,, 1491 | 22,606| 479.7 | 83.73 216 

12 15 | 280] ,, 
The following experiments were made after the powder 
chamber had nm enlarged to 16 in.in diameter. 
18 15 | 260 | 1466 | 1480 | 22,278|472.64| 85.67 20.74 
14 | 17 | 260| ,, | 1473 |22,062/468.19) 84.86 21.0 
15 | 20] 260/ , 1424 | 20,619|437.53| 79,31 20.5 
16 | 15] 270/| ,, 1499 | 22,848/484.85| 84.63 21.6 
17 1.7 | 270) w 1488 | 22,614/477.75| 83.39 22.2 
18 | 2.0] 270| ,, 1446 | 21,262|/451.18/ 78.75 213 
19 1.5 | 280] . 1534 | 23,900/507.76| 85.48 22,7 
20 | 17°] 280/ ,, 1509 | 21,355/491.34) 82.67 23,5 
| | 

21 | 2.0 | 280 | 1466 | 1462 21,735/461.22 77.63 219 
22 15 | 280/ ,, 1524 | 23,616)501.16 81.44 21.7 
23 | 1.7 | 290! ,, 1522 | 23,554/499.83 | 81.22 22.4 
24 | 2.0] 290| ,, 1474 | 22,093/468.82| 76.19 20.9 
25 15 300| . 1526 | 23,679)/502.46| 78.93 22.7 
26 | 17] 300/ 1531 | 23,835|505.79| 79.45 22.9 
27 | 2.0 | 300| , 1475 | 22,128}469.45 73.74 21,3 

| 

28 | 1.5 | 310 | 1466 | 1553 | 24,508'520.40| 79.11 22.5 
29 | 16 | 300| ,, 1535 | 23,960|508,42| 79.87 22.3 
30 a9 | 0) « 1551 | 24,461|519.08| 78.91 23.2 
31 | 15 300 | mm 1582 | 23,866|506.44| 79.55 24.1 
32 | 1.7 | 290| °, | 1521 |23\524|409.2 | 81.12) 22.2 
33 | 15] 310 » | 1661 — 519.08} 78.91 22.8 














Comparing these results with those of former 
trials, it will be observed that in round No. 13 there 
is a gain of 6 ft. in velocity, but at the same 
time a slight increase in pressure as against round 
No. 9 in our Table. In round No. 14 we have an 
increase in velocity with a reduction in pressure. In 
round 15 the velocity was only increased 1 ft., but 
the pressure was slightly reduced, The round No. 16 
gives an increase of 8 ft., without any alteration of 
pressure. In round No. 17 there is an increase 
in velocity and a reduction in . The round 
No. 18 shows a slight goin in velocity with a rise of 
pressure. The round No. 19 gave a good velocity 
of 1534 ft. as against 1501 ft, with the 15-in. cham- 
ber, but with a slightly increased pressure. The 
energy of round No. 19 was 23,900 foot-tons. The 
round No. 20 showed a decrease in useful effect, the 
velocity falling and the rising, The-velocity, 
however, was good, and the pressure was within the 
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limits of safety! On the whole, it will be seen that 
the gun gradually developed an increase of power 
without any approach to over-straining; the best 
results in every respect being those obtained with 
the round marked No. 19 in our Table. 

The next series of experiments were made with 
increasing charges on the 31st of May, and the re- 
sults are given in lines 21 to 27 of our Table. 
Following these came the trials with heavy charges 
on the 2nd instant, and which are given in lines 28 
to 33 of the Table. 

The best results are unquestionably those with 
round No, 28, which gave 24,500 foot-tons of energy 
with a moderate pressure ; round No, 29 was also 
very satisfactory. The enlarged powder cubes in 
the 30th round gave a good velocity but an increased 
pressure. The 3lst and 32nd rounds were fired 
from the rear or axial, instead of from the service 
vent usually employed, the cartridge thus being 
ignited at the base instead of nearly midway of its 
length. As the cascabel crusher gauge was now no 
longer in operation, it is probable that the pressure 
would hentle be correctly represented, and would 
come out somewhat low. However, the pressure 
stands high, being over 24 tons per square inch, ‘This 
pereere incorrectness becomes apparent in round 
No. 32, asa similar charge fired from the service 
vent on a previous day gave a velocity of 1522 ft. 
and a mean pressure of 22.4. In the 33rd round 
the charge was fired from the service vent. 

The Committee having obtained all the desired 
data from the gun in its then condition, it was once 
more returned to the Royal Gun Factories and placed 
in the lathe, where it is now being bored out to a 
uniform calibre of 16 in. When this operation has 
been completed, which will probably be in the course 
of four weeks, it will be again sent to the proof 
butts for further experiments, It is possible that 
it will afterwards be rebored to 17 in. in diameter 
in the breech for the further increased powder 
charge it is intended to use. And so the process 
will probably continue to go on for some time, as it 
is intended to test the gun destructively. This will 
probably take rather long, as at present, notwith- 
standing the work it has done, there is not the 
slightest symptom of strain or distress to be found 
in it. ‘There is no doubt that in the 8l-ton gun we 
shall eventually possess a really splendid weapon, 
and one of which the nation may be proud, thanks 
to the untiring exertions of the leading minds at the 
Royal Gun Factories and of the Committee oo Ex- 
plosives. Four of these guns are being constructed 
for the Inflexible, and they will—if necessary—be 
modified in course of manufacture so as to embody 
the results of the best experiences with their pro- 
totype. The pressures are carefully taken during the 
experiments by a series of seven gauges, besides the 
cascabel gauge, which are placed at intervals of 1 ft., 
along the l.ngth of the bore, being arranged dia- 
gonally and not in a straight line. The experiments 
have all been made under the direction of Colonel 
Younghusband, R.A., F.R.S., assisted by Major 
Maitland, R.A., Captain Jones, R.A., and Mr. W. S. 
Fraser, who certainly deserve credit for the perfection 
to which they have brought the manufacture and no 
less the practice of our heavy artillery. 








THE VICTORIA DOCK EXTENSION. 

Or all engineering projects in the metropolitan 
district brought before Parliament last session, few 
can lay claim to as much importance and interest 
to the profession as the Victoria Dock Extension. 
The Victoria (London) Dock Company which 
originally constructed the Victoria Dock, were 
authorised by an Act in 1853 to extend their dock 
eastward on lands acquired by them called the 
Victoria Dock Estate, stretching from Blackwall to 
Galleons Reach, near Beckton, on the River Thames 
below Woolwich. The Company not being in a 
position to execute this extension, and the time for 
completing it having expired in 1862, upon the amal- 
gamation of the old London Dock Company and the 
St. Katharine Dock Company in 1864, the Victoria 
Dock Company was vested in them, and the London 
and St. Katharine Docks Company now include the 
three dock establishments incorporated in one con- 
cern. For some years past the present entrance to 
the Victoria Dock, at Blackwall, has been a constant 
source of trouble through its insufficient depth, 
contracted water space, and general inadequacy 
to the conduct of the very heavy traffic a 
through it. These drawbacks, crippling as they did- 
the resources of the dock, at length became so in- 
tolerable that the Company determined to avail 
themselves of their magnificent estate, by boldly 








opening out thedock from itsinnerend and extending 
it eastward towards the river. Jn 1875 the Com- 
pany went to Parliament for an Act to authorise 
this extension, which Act they succeeded in obtain- 
ing on the 19th of July, and on the 9th of November 
a contract was entered into for the execution of 
the work. 
By reference to the sketch annexed it will be 
seen that this Extension fulfils two important pur- 
s. Firstly it provides a new entrance to the 
ictoria Dock some 3} miles lower down the river 
than the present awkward entrance, and secondly 
it largely increases the area of accommodation for 
vessels in the dock. The importance of these im- 
provements, whether regarded from a commercial or 
an engineering point of view, can hardly be over- 
estimated. The construction of a new entrance to 
the dock in a magnificent open water space like 
Galleons Reach, whereby vessels bound for the 
Victoria Dock willescape the 34 miles of intricate 
and dangerous navigation of Woolwich Reach and 
Bugsby’s Reach, cannot but increase the popularity 
this dock has always enjoyed as the lowest down 
the river, to the consequently enhanced value of 
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the Company’s property in this direction. As an 
engineering work the undertaking is colossal. The 
extreme length of the Extension from the present 
dock to Galleons Reach is 13 miles, The new dock 
will be 540 ft. wide at water level with a minimum 
depth of 27 ft. below Trinity High Water. The 
entrance Lock will be 800 ft. long by 80 ft. wide, 
furnished with three pairs of gates and with timber 
jetties extending 250 ft. into the river. The depth 
of water on the sills will be 30 ft. below Trinity 
High Water. The length of quay walls available 
for berthage on the completion of the whole scheme 
will be 9000 lineal feet, besides which there will be 
6500 lineal feet of sloped banks. The area of the 
Extension will be 95 acres, bringing up the aggregate 
area of the Victoria Dock to no less than 190 acres 
altogether. The levels of the quays will be 7 ft. 
above Trinity High Water, or about 14ft. above 
the existing level of the Dock Estate, which forms 
a portion of the Essex marshes from which the 
river is excluded by embankments miles in extent, 

The North Woolwich branch of the Great Eastern 
Railway crosses the Dock Estate at the eastern 
extremity of the present dock, and to obviate the 
inconvenience of conveying the heavy traffic of this 
railway over a swing bridge, it has been decided to 
take the railway through a covered-way, or tunnel, 
underneath the passage between the dock and the 
Extension, at a depth of 43 ft. 6 in. below Trinity 
High Water, rising and falling on either side ata 
gradient of 1 in 50. To effect this alteration the 
railway has already been diverted over a temporary 
line constructed some distance clear of the site to be 
occupied by the covered-way, a work in itself of 
considerable magnitude. A swing bridge of 80 ft. 
span will be constructed across the passage for the 
purpose of carrying a public roadway for carriage 
traffic, as well as the railways necessary for con- 
ducting the business of the dock. The public road 
known as the Woolwich Manorway, which crosses 
the Dock Estate towards its eastern erid, will be 
carried across the Extension by a swing bridge of 
90 ft. span, the space between it and the lock 
forming a convenient entrance basin about 10 acres 
in extent, and 28 ft. deep. 

The excavations are lst carried down moe 
a stratum of peat overlying the entire area of the 
Extension, and filled with fallen trees in wonderful 
preservation, below which lies a bed of gravel, 
which will be utilised for concrete to build all 
walls. Below the gravel, where the excava- 
tions are being sunk to a greater depth than 
ordinary to get in the foundations for the covered- 
way, a stratum of concreted shells and clay 
has been met with some 30 ft. below the sur- 
face of the ground, and various animal remains, 
as deers’ antlers, &c., have been unearthed, Subject 
as these marshes have been to continual depression 





during past ages, and having consisted, as the 
excavations plainly demonstrate, of alternate layers 
of river mud, forest growth, and estuarial deposit, 
the opening up of such a vast area of ground cannot 
fail to afford a subject of considerable interest to the 
geologist and the antiquarian. 

Some idea of the vastness of this undertaking 
may be gathered from the fact that the ground to 
be excavated to form the Extension amounts to over 
3,000,000 cubic yards, and the concrete for the walls 
to 200,000 cubic yards, requiring 30,000 tons of 
Portland cement in their construction, Though the 
works have hardly been in hand six months, con- 
siderable progress has already been made. Some 
1800 navvies and one steam excavator are daily 
engaged in filling hundreds of earth wagons, which 
nine locomotive engines are hauling to bank over 
some miles of contractors’ rails, The completion of 
this great work is looked forward to in three or four 
years, at an estimated cost of between half and 
three-quarters of a million sterling. 

The engineer from whose designs the work is being 
executed is Mr. A, M. Rendel, M.A., M. Inst. C.E., 
and the Resident Engineer is Mr. A. C, Andros, M. 
Inst. C.E. The contractors are Messrs. Lucas and 
Aird, under the direction of whose manager, Mr. W. 
Colson, the works are being prosecuted with a vigour 
and energy which leaves nothing to be desired, 








REGISTRATION OF TRADE MARKS. 

Tue Bill for the Amendment of the Trade Marks 
Registration Act, which we referred to a fortnight 
ago, was read a second time in the House of Lords 
on Tuesday last. It will be remembered that the 
Act of 1875 provided that after July lst, 1876, no 
proceedings for the infringement of a mark could he 
taken unless the mark was registered, The preamble 
of the present Bill sets forth that in consequence of 
the number of trade marks, and especially by reason 
of the difficulties attending the registration of the 
marks relating to textile fabrics, it has been found 
impossible to complete the registration of existing 
marks within the time specified. It is proposed, 
therefore, to prolong the time for registration until 
January 1, 1877—the period named in the two first 
drafts of the Act of 1875—but should this prove to be 
insufficient, the time may be still further enlarged 
(not, however, beyond July 1, 1877) by an Order in 
Council. All the powers of the Court in the Act 
of 1875 are transferred to the Commissioners of 
Patents, who “ may refuse to register trade marks, 
or any words, matters, or things in combination with 
trade marks, on the ground that they are calculated 
to deceive, or are not sufficiently distinctive, or are 
otherwise improper to be registered, and the Com- 
missioners may finally decide as to whether a device, 
mark, name, word or combination of words, or other 
matter or thing, is registerable as a trade mark under 
the principal Act, or they may if they think fit grant 
an appeal from their decision to the Court of Appeal 
in any special case in which they think it is expedient 
that such an appeal should be granted for the purpose 
of settling a principle or otherwise.” 

This is not the place to raise abstruse legal points, 
but it is obvious that this clause introduces a totally 
new practice, and gives judicial powers without an 
absolute right of appeal to a non-judicial body, al- 
though the Commissioners of Patents include the 
Lord Chancellor and the Master of the Rolls. When 
Lord Cairns introduced the Bill of 1875, he expressly 
stated that the registration of trade marks did not 
involve any alteration of the existing law. Now we 
contend that this is a very important alteration of 
the law, for hitherto in an action for infringement 
or piracy of a trade mark, it has always rested with 
the Court to say whether the mark is a lawful trade 
mark or not. ‘lhe celebrated case of ‘* The Nourish- 
ing Stout” is in point. Of late years, however, the 
fusion — we might almost say the confusion — of 
law and equity has been so complete that we must 
be prepared for anything in the way of legislative 
freaks, ‘The proposed clause may perhaps ‘‘ check 
litigation,” as the phrase goes, but we shall be greatly 
surprised if it does not at the same time check the 
flow of justice. We have in former articles alluded 
to the grave injustice which would be inflicted on 
the owners of existing marks (which may have been 
in use and recognised for generations) by amateur 
decisions to the effect that they are not and cannot 
be ‘‘lawful trade marks,” It will be observed that 
the law officer is not mentioned in the Bill, ‘* Com- 
missioners of Patents” being the term employed. 
This may mean the Registrar of Trade Marks or 
even an inferior e clerk. This is just the very 
thing which the Bill seems to contemplate. 
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uction of 2,500,000 ft. of gas 


The third clause of the Bill is as follows: ‘‘ When 
an application by any person to register as a trade 
mark a device, mark, name, word, combination of 
words, or other matter or thing proposed for regis- 
tration as a trade mark, which has been in use as a 
trade mark before the passing of the recited Act has 
been refused, it shall be the duty of the Registrar, 
on request and on payment of the prescribed fee, 
to give to the applicant a certificate of such refusal, 
and acertificate so granted shall be conclusive evi- 
dence of such refusal.” What the object of this 
clause is we are unable to see, except that the certifi- 
cate of refusal to register might be of use to the 
owner of a mark in proceedings against infringers. 
An owner might, we imagine, arguethat his mark was 
a lawful trade mark in spite of the contrary opinion 
of the Commissioners of Patents. 

Looking at the measure now before Parliament 
from a plain common-sense point of view it appears 
to us to make matters rather worse than they were 
before, and that is saying a great deal. The pre- 
sent system of registering trade marks is one of con- 
fusion, and is a conspicuous instance of the mischief 
of fussy legislation. We — to those who have 
had dealings with the Trade Marks Department to 
say whether it is not as we have stated. Again, 
what is the reason for postponing the registration of 
marks relating to textile fabrics? The question is 
ripe for settlement now, and the authorities are in 
possession of all the information they can possibly 
require. Deputations have interviewed the Registrar 
on the Lord Chancellor, and a commission was sent 
down to Manchester to investigate the question, The 
councils of the Commissioners of Patents seem to be 
pervaded by weakness andirresolution, and they are 
merely seeking to put off the day of reckoning which 
must come sooner or later. We have, on a former 
occasion, expressed the opinion that if the registra- 
tion of trade marks cannot be abolished altogether, 
the next best thing would be to make it optional 
instead of compulsory ; butitis a grievous thing for 
a legislator to retrace his steps, and thus confess that 
he has failed. The united action of the textile 
manufacturers has already obtained delay, they 
have but to maintain a bold front to procure for 
themselves an entire exemption from the operation 
of the Act. 


THE BRITISH ASSOCIATION OF GAS 
MAuwAGERS. 
Tue Beckton Gas Works, 

Tue concluding proceedings of the annual meeting 
of the British Association of Gas Managers—the 
business portion of which we recorded last week— 
appropriately consisted in a visit of the members and 
their friends to the largest gas works in the world 
—those of the Chartered Gas Company at Beckton. 
These works have for some years past been growing 
until they have reached gigantic proportions, and 
constitute the lagest gas works in the world. Future 
extensions are still contemplated, but for some time 
yet the works as they at present stand will prove 
adequate to any demands made upon them. An illus- 
tratedaccount of these works having already appeared 
in our pages*, we need not now go deeply into detail, 

The members of the Association ona their friends, 
to the number of about 350, with their President, 
Mr. Robert Morton, left London Bridge at 10 
o’clock on the morning of yesterday week on board 
the saloon steamer Princess Alize, and arrived at 
Beckton shortly after 11 o'clock. There they were 
received by the Hon. Richard Howe Browne, the 
governor of the Chartered Company; Mr. Evans, 
one of the directors; Mr. Trewby, the resident 
engineer and manager ; Mr. Wyatt, the constructing 
engineer, and other officials. ‘The visitors were then 
formed into several parties, each being placed in 
charge of a gentleman connected with the works, and 
by whom they were conducted over thom. 

Tue Pier. 

The first object of attention was the pier, which 
is at present of j form in plan. The eastern por- 
tion of the head is however in course of construction, 
and when completed the pier will be of | form ia 
plan. The pier as it is has a total length of 718 ft., 
that portion corresponding to the bottom limb of the 
Jj being about 320 ft.in length. The platform at 
the head is 44 ft. wide, and about 25 ft. above high 
water level. The remainder of the pier is 25 ft. 
wide, the whole being carried on cast-iron columns 
6 ft. in diameter, On the platform at the head are 
six steam cranes, three on either side, for unloading 


at the same time. ‘The engines, boilers, and gearing 
for actuating the cranes are housed on a lower plat- 
form, the whole being enclosed and resembling the 
lower deck of a ship. There are two weighbridges 
on the platform, and over these the coal wagons 
have to pass on their way into the works, and where 
they are weighed as a check upon the ship weights. 
The vessels which bring the coal to the works have 
three hatchways, and the craning and tipping is 
done so quickly that a ship of 1000 tons is emptied 
in about six hours, It is on record that upon more 
than one occasion 4600 tons of coal have been thus 
unloaded and delivered upon the works in one day. 
The pier is laid with rails, and the trucks are hauled 
by handy locomotives, which take some steep gradi- 
ents on the works well with heavy loads. When the 
pier has been completed, it will have 15 cranes, with 
a total discharging capacity of 10,000 tons per day. 
The saving effected by these means over the old slow 
method of discharging is very considerable. Upon 
an annual intake of 300,000 tons, we were assured 
it would equal 37,500/.—a portion of this is due to 








* See ENGINEERING, pp. 171 and 190, vol. viii. 


the reduction of freights consequent upon short de- 
tention of the vessel. 


Tue Rattway System. 

From the pier a good view is obtained of the works, 
which occupy an area of 150 acres, in addition to 
which the company possesses another 150 acres in 
connexion with their road to London, Great difli- 
culties were experienced, and considerable expense 
was incurred, with the foundations, which rest on 
gravel at a depth of 25 ft. below the surface level, 
the superincumbent strata being first about 15 ft. of 
loose earth, next 12 ft. of peaty soil, and at the top 
some 3 ft. of earth again. From the pier double 
lines of railways are continued on viaducts on cast- 
iron columns between the two rows of retort houses, 
branch lines being carried through the retort houses, 
the whole forming a high-level system of railways. 
In connexion with this is a low-level system, reached 
by means of steep gradients, which communicates 
with two jetties, one at the eastern and the other at 
the western extremity of the company’s river front- 
age, which is about 1300 ft. long. ‘The system is 
also in communication with a main line to Canning- 
town, and thence to London by the Great Eastern 
system, the station at Beckton being placed about 
3000 ft. inland from the western jetty, and just 
beyond the furthermost of the six gasholders, in 
front of which rails are also laid. Passengers are 
now booked from Fenchurch-street direct to Beckton 
by certain trains daily, and as the bulk of the work- 
men at Beckton live at Canning-town, they are 
conveyed to and fro at merely nomifial fares. The 
gauge of the lines is 4 ft. 8}in., and they are well and 
substantially laid throughout, there being about 10 
miles of railway in the works. There are nine 
locomotives employed, and a neat shed for twelve 
engines has just been completed. The lines to the 
jetties are used for the transport of coke from the 
retort houses, and of materia!s and stores from the 
jetties for the works, -including chalk, which is 

urned in kilns on the premises, to supply lime for 
the purifiers. 
Tue Retort Hovses. 

The retort houses are placed in pairs on either side 
of the high-level system. There are five pairs, and 
each house is 360 ft. long, except the last two, which 
are 460 ft. long. The houses of the first two pairs 
are 90 ft. wide, the remaining houses being each 
100 ft. wide. Of the last pair of houses, one is 
nearly completed, the other being well advanced. 
Each house has its coke vault with the firing floor 
above, and each house contains 30 benches of double 
retorts, eight in a bench, or 480 mouthpieces. The 
retorts are of Q section, ‘8 in. by 12 in., and 20 ft. 
long. Rails are laid throughout the coke vaults and 
the retort houses, the coal trucks having sliding 
bottoms, so as to deposit the coal ready for the 
retorts without tipping. ‘The firing stages of the 
retort houses are laid with cast-iron plates, and the 
rainfall is collected from the roofs and stored in 
tanks, and is used for quenching the coke. The 
retort houses are well ventilated, and are comfort- 
able to work in, At present the retorts are charged 
and drawn by manual labour, Best and Holden’s 
charging and drawing machine was tried a few 
years since, but proved unsatisfactory, and jthe 
parts may now be.seen lying in a confused heap, a 

ismal eo Nuk the on is. One of Mr. Foulis's 
charging an wing machines is now being put u 
in one of the houses, and will shortly be fried : H 





is very much lighter and less complex than the 





is laid out for the p 
per day. 
THe CONDENSERS AND PuRIFIERs. 

From the hydraulic main in the retort house the 
gas is led to the condensers through 24 in. mains laid 
underground. Each house has its own condensers, 

urifiers, and station meter. ‘The condensers are 

ormed of 12-in. mains. The height of the earlier 
scrubbers was so limited that the liquor had to be 
pumped through them several times in order to raise 
it to the proper strength. The later scrubbers are 
60 ft. high, and pure water entering at the top 
becomes 20-oz. liquor at the point of exit, having 
absorbed the ammonia in its descent, The liquor is 
at present sold, but the company are in treaty for 
24 acres of land on which to erect buildings for the 
manufacture of their residual products, The gas 
passes from the scrubbers to lime purifiers. The 
exhausters in general use are Gwynne and Beale’s, 
but a new and exceedingly simple method of exhaust. 
ing is now being tried at Beckton. This consists in 
introducing a jet of steam into the condensers at the 
point where the gas enters, so that the action is 
rather that of pressure than of exhaustion. So far 
the principle been found to work very well 
indeed, and should it succeed it will perhaps super- 
sede the ordinary exhausting apparatus. It is found 
that the illuminating power of the gas is improved 
by the steam jet to the extent of 1 or 2 candles, so 
that it promises well. Of course exhauster-makers 
shake their heads at it; time, however, will prove 
whether it will succeed in closing that branch of 
manufacture. 


GASHOLDERS AND WORKSHOPS, 

There are six gasholders at Beckton, four being 
single-lift of the capacity of 1,000,000 ft. each. The 
other two, which are of later construction, are tele- 
scopic or double-lift, and have a capacity of 1,500,000 
ft. each. Two more gasholders of a capacity of 
2,000,000 ft. each are about to be erected. ‘The gas 
is conveyed from Beckton to the company’s London 
distributing stations through two 48-in. mains, and 
it is calculated that during the hours of consumption 
the gas passes through 8000 miles of tubing from 
Beckton to the points at which it is burned; this 
includes main-pipes, services, and fittings. On the 
works are repairing shops fitted with machine tools; 
there are also residences for the manager and the 
deputy-manager, as well as cottages for some of the 
workmen. A canteen, with a spacious dining-hall, 
stands on the works; and there, after the inspection 
was over, the visitors partook of a light luncheon. 
On the whole, a pleasant and instructive visit was 
made, which fittingly closed a most successful ga- 
thering. 





JAMES CARMICHAEL. 

As indicated briefly in our last issue, a statue has just. 
been erected to honour the memory of the late Mr. 
James Carmichael, in Dundee, the town of his adoption, 
and that in which his numerous valuable inventions were 
made and worked out for the benefit of his professional 
brethren and the world at large. Mr. Carmichael is more 
especially known in the engineering profession as the 
inventor of the fan blast, which was first successfully 
applied at the Ward Foundry, Dundee, in the year 1829, 
and at once became of great service, both in the melting 
of pig iron and for forging purposes; but he left various 
important inventions as legacies to other branches of his 
profession. 

As the present year is the centenary of his birth, it was 
several years ago thought by many of the workmen who 
had been employed under him when in life, and by his 
fellow-citizens, that it ought to be taken advantage of to 
commemorate his eminence as a citizen of Dundee, his high 
moral worth, and his services to engineering and mechanical 
science as a distinguished inventor. Accordingly the idea was 
heartily approved of, a subscription was forthwith opened, 
which resulted in the collection of the necessary funds, and 
Mr. John Hutchinson, R.S.A., was forthwith commissioned 
to design a statue of the deceased Mr. Carmichael. That 
statue, executed in bronze, has been designed and completec 
within the last eighteen months, and it now stands as a 
fitting memorial in the Albert Lnstitute grounds placed on 
a graceful pedestal of red granite, the whole rising to a 
height of about 17 ft. Colossal in size, the Carmichael 
statue is, without doubt, one of the happiest efforts of Mr. 
Hutchinson’s artistic genius, On all hands it is admitted that 
the eminent sculptor has caught with surprising accuracy the 
features of the famous engineer, while the various details 
have been manifested with a discrimination and care which 
have contributed in no small degree to the artistic com- 
pleteness of the statue. Mr. Carmichael is represented in the 
moment of contemplation, having a design for one of his 
inventions resting on his knee, The head is;bent forward 
over the plan, and displays as its distinguishing characteristic 
powerful intellectual thought and activity. The left hand 
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LOCOMOTIVE PERFORMANCES ON THE PHILDALPHIA RAILROAD. 


(See next Page.) © 


Number of Loaded Cars and Tota! Weight of Train Hauled by Standard Class I, E, and D Locomotives over given 
Grades on Pennsylvania Railroad, Philadelphia and Erie and Susquehanna Divisions, and Average Pounds of 


Coal per Car per Mile. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Market.—Yesterday there was a 
numerous attendance on ’Change at Middlesbrough, but 
the reports respecting the present condition and future 
peaae of trade were most disco ing. No. 3 Cleve- 
nd pig iron is still quoted about 45s. 6d. Vi little 
business is being done, and the make of pig iron is con- 
siderably less than it was this time last year. Nearly all 
the blast furnaces which are in operation are undergoin; 
extensive repairs, so that when the ‘‘ good time comi 
does arrive the ironmasters will be able to avail themselves 
of all the work they can possibly obtain. Comparatively 
few new blast furnaces are in course of erection, 


The Finished Iron Trade.—Throughout the North of 
England this branch of industry continues depressed. Cer- 
je ww pee more pa eared + ove in operation, — 

ose that are wor are 0 e in; of eac 
week. Prices are low and calaes cabs Perained. It 
is believed by some that the end of the depression is at 
hand, but others express an opinion that months must yet 
elapse before we see anything like a general revival in the 
finished iron trade. From official sources it appears that 
in January this year the total number of pud furnaces 
in the North of England was 2136. It is calculated ,that 
ten men are employed at each puddling furnace with rail 
mills. Where furnaces only are in operation, and mills are 
idle, only four men are engaged at each furnace. From 
the most reliable information that can be obtained, it is 
estimated that about half of the puddling furnaces in the 
North of — are standing idle. It is somewhat diffi- 
cult to give the precise number of men actually at work and 
the number unemployed, because at some of the iron works 
the whole of the available furnaces are in operation four or 
five days a week, while at others by Ege of the furnaces 
are kept going, but are kept going the whole week. The 
Stockton ble Iron Company are working ; the Stock- 
ton Rail Mill is in partial operation ; Messrs. Holdsworth’s 
Westbourne Works are in full swing; the Bowesfield Iron 
Company are not only working, but have a fair share of 


orders; and Messrs. Johnson and Reay are working irre- 
=, Unfortunately, the North Yorkshire Iron Works, 
outh Stockton, which have been standing idle for so ma 


ths, are still closed, and the works belonging to R. 














leans on a steam cylinder, while the right is extended over 
the plan, and grasps a foot-rule with which the inventor 
has just been measuring. On the plinth, on the right side 
of the figure, there is a model of Carmichael’s celebrated 
invention, the fan blast. All these details have been worked 
in by the artist, and, as well as the dress worn by Mr. 
Carmichael, have been delineated with most harmonious 
effect. 

The statue was handed over to the keeping of the civic 
authorities by Mr. John Sharp, acting on behalf of the 
subscribers ; and in the absence, through illness, of Provost 
Robertson, an eminent localengineer, Bailie Edward accepted 
of the trust. Before it was finally handed over, the cere- 
mony of unveiling it was performed by Mr. R. A. Mudie, a 
well-known and leading citizen, who had been many years 
intimately connected in business with the firm of James and 
Charles Carmichael. 

Mr. Carmichael was born in Glasgow in the year 1786, 
where he received part of his school education, which was 
finished in the village of Pentland, in Midlothian, whither 
his family retired on the death of his father. He received a 
mechanical training, such as the times could give, and was 
first employed as an apprentice millwright at Loanhead, 
near Edinburgh, and then as a journeyman mechanic in a 
cotton factory in Glasgow. In the year 1810 he settled in 
Dundee, and joined his brother Charles, and up to the time 
of his death in 1853 he carried on business as an engineer 
and ironfounder, eventually becoming the father of his pro- 
fession in that town and for many milesaround. As an en- 
gineer, Mr. Carmichael had talents of a very high order, to 
which not only his works but also his brethren in the pro- 
fession can bear witness. 

The following are a few of the more prominent of engi- 
neering achievements of Mr. Carmichael’s. In 1818 he in- 
vented an improved plan of reversing gear for marine engines, 
which he successfully applied in 1821 to one of the steamers 
then plying on the River Tay, and which had been engined 
by him. This invention was one of great practical value 
in marine engineering, and it is worthy of notice that the 
principal of the invention remains in use to the present time. 
The fan blast, as already mentioned, was made in the year 
1829. It was a great contribution to practical science, and 
has been of immense service in the engineering trades. It 
is due to Mr. Carmichael’s memory to state that both of 
these inventions were given to the trade without fee or re- 
ward, it being contrary to his liberal principles to secure 
anything by patent right. Impressed with the value of the 
fan blast invention, the engineers and ironfounders of the 
Glasgow districts about thirty-five years ago, presented each 
of the brothers with a service of late, in order to bear 
testimony to their generosity and unselfishness in this matter. 
As our readers are well aware, the fan blast is in almost 
universal use to the present day without any material 

alteration since its invention by James Carmichael. It is 
interesting to note that Messrs. Carmichiel are said to have 
been the first makers of locomotive engines in Scotland, 
having made two for the Dundee and Newtyle Railway in 
1833, being only about two years after George Stephenson 
successfully ran his locomotives on the Liverpool and Man- 
chester Railway. When those two engines were put upon 


the Dundee and Newtyle Railway they were great novelties, 
and it says something for the excellence of the workmanship 
when it is stated that they performed their work most 
efficiently for nearly thirty years. Mr. Carmichael also 
attained considerable celebrity as a maker of engineers’ 
tools, and in the works at Ward Foundry the firm always 
had tools in advance of the times. As a specimen they 
fitted up for their own use a magnificent machine for the 
combined purposes of planing, boring, and shaping, and it 
was so highly thought of that two were ordered by the 
Government—one for Woolwich and the other for Ports- 
mouth Dockyard. The Messrs. Carmichael were among the 
very first to build iron ships in this country, thus showing 
their great foresight and practical sagacity. From 1836 to 
1840 they built three—one a small sailing ship and two 
steamers—one of the latter for the Tay and the other for 
the Forth. They abandoned the business of shipbuilding, 
chiefly on account of its unprofitableness and the prejudices 
which at that early period existed against iron ships; but 
as an evidence of the wonderful change that has taken place 
we may mention that, while in 1836 only one small vessel 
of about 180 tons was building at Dundee, there are now 
some 11,000 or 12,000 tons of new shipping in the port in 
course of construction or fitting out. 

Mr. Carmichael was a man as remarkable for his modesty 
and diffidence as for his mechanical genius and attainments. 
He never courted publicity, and had no taste for display of 
any kind. As a private individual, he was one of the 
humblest of men; reserved and unostentatious in his 
manners; conscientious almost to perfection. He had no 
special advantages, either in the way of birth or education, 
yet as an engineer of great inventive powers, skill, and 
ability, he has left a name which will go down to posterity ; 
and it is well that his memory should thus be honoured 
where his genius was shown. 








Tue New River Company.—The New River Com- 
pany is engaged in the sinking of a new well into the chalk 
formation at Turnford, to obtain at that place a fresh supply 
of water, by a large boring into the lower pen is 
boring was commenced at the beginning of 1874, and it had 
reached a depth of 740 ft. from the surface in November 
last ; at this depth it has entered the marl below the chalk, 
and it is now being widened out to the diameter of 34 in. 
preparatory to the insertion of the tubes, which will be re- 
quired for further boring through the marl and gault. To 
provide for the increasing demands of their district, the 
company are making several important additions to their 
distributory works, to effect the separation of the very dif- 
ferent levels of their service into convenient zones, and to 
add to the power and means of communication by which 
their different stations are enabled to assist one another. 
The new works at Hornsey include five new filtering beds, 
of a joint area of 3} acres; four new engines of a joint 

wer of 440 horses; a new high service reservoir on Crouch 

ill, capable of holding 12 millions of gallons, and about 
13 miles of large mains, to be laid down as lines of commu- 
nication between the works just described, and for connec- 
tions with existing pipes; the filtering beds are finished, 
and the construction of the reservoir, engines, and buildings 
is progressing satisfactorily. 





Jaques and Co., Stockton, are closed, on account of the 
bankruptcy of Mr. Jaques. We. have recently alluded fully 
to the various works in Middlesbrough. There is unfor- 
tunately a large number of men out of employment in Tees- 
side at present. 

Engineering and Shipbuilding.—In some parts of the 
North engineering is ina miserable state. ‘The shipbuilding 
is not bay or as it ought to-be. 

The Coal and Coke Trades.—There is no change in the 
coal and coke trades. It is estimated that just now there 
are about 10,000 fewer men employed in the Durham coal- 
field than there were two years ago. 





CIvIL AND MecHANICAL ENGINEERS’ SocirzeTy.—The 
annual meeting of this Society was held on Thursday the 
15th of June, the President, Mr. W. F. Butler, in the chair, 
when the report of the Council was read and the officers 
elected for session 1876-7. ‘This Society since its formation 
in 1859 has read and discussed over two hundred papers on 
every branch of civil and mechanical engineering and 
scientific questions, and a gst its past officers and 
members may be told many nares that have attained 
honourable rank in the profession both at home and abroad. 
The list of visits to works for members and friends during 
the recess wi duly announced. The names of gentle- 
men elected to serve during the coming session are as 
follows, viz.: President, Robert M. Bancroft; Vice-Presi- 
dents, Henry Valpy, Mem. Inst. C.E., and Charles Henr 
Driver, F.R.1.B.A.; Council, Percy Burrell, Mem. Ins 
C.E., Henry Ellis Hill, Assoc. Inst. C.E., F. E. Cooper, 
Christopher Kingsford, Alexander Payne, Assoc. Inst. C.E., 
Ed Perrett, Assoc. Inst. C.E., Robert E. Pownall, 
and Robert Harkness Twigg; Honorary Treasurer, 
William C. Street, Assoc. Inst. C.E.; Auditors, Joseph 
A Anderson and James Hutt; Secretary, W. Williams 

omas, 








BoroueH SuRvEY oF OLDHAM.—In consequence of 
the great disparity in the amount for which competitors 
were willing to undertake the survey of the town and the 
difficulty of being satisfactorily insured of an accurate and 
faithful survey, Town Council determined, at their last 
meeting, to avail themselves of an offer of Her Majesty’s 
First Commissioner of Public Works to undertake a revi- 
sion of the Ordnance survey of the borough. The tenders 
varied from 7501. to 12,4501. In answer to a communica- 
tion from the Town Clerk informing the competitors of the 
decision of the Council, one of them writes :—‘‘ My tender 
was 10,0001.. I expected some wide tendering, and told the 
borough surveyor so when I went down to look at the spot; 
but it certainly is amusing to hear of any man sending in a 
tender for 750/., when I e to have t nearly that 
amount for instruments and tackle, &c. @ amounts are 
certainly so different that I am sure both The Engineer and 
ENGINEERING would gladly publish them if you would send 
them the particulars. The gentleman who could execute 
even a rough accurate survey of Oldham (without details 
for 7501. must be an acquisition to his employers, and 
should like to have the pleasure of his acquaintance. \ 
bably he mistook a Ls Py survey for a pho! ph 
taken from a passing balloon.’ Another of the competitors 
writes :—‘‘I tendered at 18001. I believe, and i 
must confess, that I am not at all surprised at the decision 


of the Town Council, into consideration the 
terous and vidioulencly idietie tender of 12,4501.” — The 





Oldham Chronicle. 
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FLYWHEELS. 
' To THs EDITOR yo xy spams , 

Srr,—The t extent to whi e expansive wicking 
of steam ean eee carried, and the various devices tha‘ 
have been adopted for conpensiaing fuel, and gaining ad- 
ditional power by compounding and coupling engines with 
their cranks at various angles, have m the 
limits within which the rotative effect of the pressure in 
the cylinder used formerly to vary. P 

The necessity of a comparatively regular velocity of 
rotation, especially in spinning mills and weaving sheds, is 
well known. As this is obtained by properly ger 
the weight of the flywheel, it is of importance to know wha’ 
this weight ioe be, in order to insure any required 
d of regularity. 

+ is obvious that any rule which fixes the mass of the 
flywheel simply in proportion to speed and horse power, 
must, under the various conditions named above, frequently 
lead to deficiency and frequently to excess of weight, the 
result being in the one case “ bad turning,” and in the 
other needless expenditure of power in overcoming friction. 

I, ber meng oon fe “4 ins Rag ens Renae a in- 
vestigating the problem, by which the weig uired can 
be axermiood, when the forms of the indicator diagrams, 
and the relative positions of the s when engines are 
working coupled, are known ; the load driven being supposed 
constant. 








and © = the resistance per unit of area of piston="F 
This in the case under consideration isa F182. 
On any radius O A produced lay off A a’=13.2 ; and with 


centre O and radius O a’ describe the semicircle ab’ C d’ 2’, 
cutting the curve A B C K Z in the point C and K. 





Then by means of the radial ordinate of the area enclosed 
between the two semi-circumf: may be calculated the 
energy absorbed in overcoming the of the ma- 
oa, and by means of those of the CEGK/‘ the 
work done by the figure in excess of that absorbed, so to 
8 in driving the machinery, while the crank is moving 
through the COK;; i.e., the e stored up in the 


flywheel to be given out again when n B 

This energy may be expressed by the quantity A Er 6, 
if E be the mean radial ordinate of the my 
found in the same way as P was from the indicator 
gram and @ the circular measure of the angle CO K. 

Now let W be the weight of the flywheel in pounds, I its 
radius of tion, w,, Ws, and w its greatest, least, and 
mean velocities, then 


a wr (w,*—ws?)=EAré 
g 


but 
(wy? — wa?) =2 w (w, — wa) 
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I assume a diagram of the theoretical or standard form 
(any other form would do quite as well), and for the sake 
of simplicity neglect the variation of piston speed and 
pressure on the crank pin, due to the angular vibration of 
the connecting rod ; i.e., I assume the connecting rod to be 
of infinite length. This assumption will not affect the 

rinciple of the solution, and it will be shown further on 

ow these variations may be taken into account. The 
effect of the inertia of the transmitting parts of the engine 
in equalising the motion is also negl a 

Consider then the diagram A V X Y Z, drawn to a scale 
of 301b. tothe inch. The initial pressure is 40 Ib. (absolute), 
- asta pressure 3lb., and the point of cut-off is at 4 
stroke. 

On AZ describe the semicircle AbckZ, and divide its 
circumference into equal parts, each containing, say 10 deg. 
of arc. Through the points b,c,d, . . k, &c., draw the 
straight lines m'bm, n'cn,. . kk's, &., perpendicular 
to AZ, and meeting it in the points m,n,. . 8, &c., and 
the steam line and expansion curve of the di in m’, 
n’,. .k', &. Then the lengths of the lines m’bm, n’cn, 
. . k's, represent the pressures po , Ses: - Pk , on each 
square inch of the piston when the crank has passed through 
the anglesAOb, AOc,..AOk, and may be measured 
by the scale used for the diagram. It may perhaps be well 
to remark here that if we consider V X Y as the upper line 
of the diagram taken from the front end of the cylinder, 
ZA will be the exhaust line of that taken from the back 
end and vice versd ; the distances between these pairs of 
lines representing the effective pressures on the piston. 
With the assistance of a table of natural sines, lay off on 
0 b, Oc, &., produced, the lengths b B=ps sin. 10deg., 
Mey sin. 20deg., &c., and through the points A, B,C, 
&c., thus obtained, draw the curve ACGK Z. Then the 
part h H of any radius sector O H which lies without the 
circle AhkZ, represents, in magnitude, the tangential 
component of the pressure on the crank pin per unit of 
area of cylinder, when the crank makes an angle AO h 
with the line of centres; i.e. the pressure ca rota- 
tion; and the mean radial ordinate of the area enclosed 
between the curve ABCGKZ and the circle AbcgkZ 
multiplied by the length of the semi-ci ference of the 
latter, aud by the area of the piston, measures in foot- 
pounds (if r=the length of the crank be measured in feet), 
the work done in giving rotation to the shaft, as the piston 
moves from one end of the ete to the other, and as 
the crank sweeps through 180 deg. Now if P be the mean 
effective pressure on each square inch of the piston, and 
F the ,Tesistance of the machinery which the 
Tote aoe of hc ce haere is Re 

~~ cyli in square inc l=the 
length of stroke expresoed in fet, we hare , 

P XPXl=FxXexr 
or in the general case, when l=2r 

Fa2AP 
wT 











and, if w; and w, are not to differ from each other by more 
than + th of w, the weight of the flywheel will be given 


by 
waJXnxExAxrxd 
x4 w*xI* “ 
or if N be the number of revolutions per minute, 
waIXnxEXAxrx $x 60" 
4x ax N?xI? 

If, as is generally the case, the weight of the arms is 
8 in comparison with that of the rim, we may substitute 
R the mean radius of the rim for I. In the figure the 
numbers on the vertical lines are pressures on the piston 
per square inch, and those on the radial lines tangential 
pressures on the crank pin, also per square inch of piston, 
so that in this case we have a 

E=10.7 Ib., and 9="~ 8" =14 
180" 
esa —— ny 7 A 
aw a” XxAXTrx 4%, 
ee ae 

The values of » may be taken as under (vide, Claudel 
Formules, 7*™° Edition, Art. 93, p. 72). 

For forge hammers, 20. 

For ordinary purposes, 32. 

Ah ae i for the coarser numbers ; up to 60 for the 
bas e. 

If two or more engines are working together the indi- 
cator di ms must be placed in the proper positions re- 
latively to each other according to the angles at which the 
cranks may be set, and the sum of the sures trans- 
mitted through each piston rod must be taken in order to 
calculate the radial ordinates to the curve ABC... Z. If 
the cylinders are of different areas, it is evident that the 
total pressures le a gg oy be ery pee of the 
pressures per uni area. e curve of tangential pres- 
sures must be drawn for the whole revolution, E 
found from that area of either excess or deficiency of 

which may be the greatest. If we take into account 
the obliquity of the ome rod, the distance moved 
through by the piston when the crank makes an angle « 
with the line of centres will be r vers +L vers @ instead 
of r vers ~, as we have taken it, and the tangas tial com- 
ponent of the pressure on the crank pin be p sin. 








angle “, and « and @ being connected 
rsin. @=Lsin, 6: It may be useful to add that tables 


the quantities vers ath vers @ and sin. (4+) sec. 8 


are given in Mr. Porter’s admirable book on the Richards 
indicator f ing rods of the usual lengths. This 





book also contains some interesting remarks as to the 
extent to ba Hage Boe ght fd transmitting parts of an 
8 a . 
“ea Micnam. LoneRings, M.A., Assoc, Inst. C.E. 
Manchester, 1876 


ON THE STRENGTH AND FRACTURE OF 
CAST IR 





To THe EpiToR oF ENGINEERING. 

Srz,—Mr. W. B. Coventry, referring in your number of 
pi cet pe ayn t Suont ie ieee 
ph mentions my experiments u in. in. cast- 
iron bars, bored shrough with a lyvin. hole as being the proof 
I used in support of se pape namely, that the neutral 
axis of a 2in. by 1 in. bar of a similar quality of iron to that 
experimented upon by Mr. Millar be found at about 
one-seventh the depth; instead of which, the reference 
made by me for the compression ion of the bars was to 
igs. 1, 2, 3, 4, 5, 6, see ENGINEERING, 411. 
Bars bored through with a lyin. hole, as shown by 
Figs. 13 and 14, were quoted by me for the purpose of clear- 
ing up the queries as to porous bars raised during the dis- 
cussion on Mr. Millar’s paper by the President and Mr. 

Kay and as illustrated by ig. 15 of that letter. 
he neutral axis of a cast-iron bar run from such metal 
as referred to by Mr. Coventry in his last letter would be 
situated much lower than when cast from metal such as ex- 
perimented upon by Mr. Millar. Mr. Coventry is quite safe 
in basing his tions on what he calls the “ infallible 
Molesworth,”’ for which,I have the greatest respect ; but I 
would prefer to treat both that and other books as fallible, 


and have therefore rather added to my memoranda on cast iron 
other and further tests than those taken by Mr. Coventry 
as the basis of his formula. 


Iron, such as experimented upon | Sir W. Fairbairn, 
Messrs. ——— and Barlow, and before referred to, 
would probably be from single good brands of iron of very 
soft quality, indeed this must have been the case in the 
hac tested by Sir W. Fairbairn, and referred to y Mr. 

‘kley in his ge (read before the Institution of Civil 
Engineers, 1870), as the deflections recorded by Sir W. 
Fairbairn were twice as great as those obtained by Mr. 
Berkley. The relative prspects of the tensile to the com- 
pressive 8 h of cast iron will vary as the hardness or 
softness ; , a8 stated in the note of my former letter, it 
will often be found more than seven times in 
compression thantension. In some qualities of cast iron I 
found that bars could be reduced to barely y,ths of an inch 
at the top (see Fig. 6 of my previous letter, 411), and 
still be ically as strong as solid bars. in referring 
to Sir W. Fairbairn’s and Mr. Berkley’s experiments, the 
= rtions of cast-iron girders, ‘‘ sections No. 3,’’ whichgave 
ighest results were those when the metal i 
were, on ee ay ar ey than one-seventh, and more than 
six-sevenths in tension, namely, ‘‘ top rib 0.72 in, bottom 
rib 4.4in.,”” the remark being attached to the one tested by 


Sir W. Fairbairn ‘‘ broke by compression,’’ thus suggesting 
that the limit of difference been reached with iron 
used by Sir W. Fairbairn, and with the above p 

of flanges ; but the limit had not been reached by same 
experimenter when the —_——= of the flanges were 
(Sections No. 2) Pm ed or barely + for compression 
and barely ¢ for tension, the accurate limit being between 
the two,for that particular metal, which must have been 


ex soft. 

I am not aware that any enter has given “ in- 
fallible’ data as to the — of very hard cast iron in 
tension and compression, and also very soft, although we 
have more light regarding the latter than the former, and 
useful results would no doubt accrue from such data, as the 
iron experimented upon by Sir W. Fairbairn, Messrs. 
Hodgkinson and Barlow, does not fairly represent that used 
in our best foundries for railway and building castings. 
The word cast iron alone does not sufficiently enable us to 

istinguish what the value of the different qualities are. 

I quite agree with Mr. Coventry’s reference to Mr. 
Baker’s able work as to the neutral axis of a beam being 
at 1 centre of its othe’ top da Tam much mr that a 

on is very near e in a great many cast- 

a beams for the lack of more reltable data as to the com- 

pressive resistance of cast iron as used in large contracts by 

experienced manufacturers. .25 cwt. carried by a 2in. by 

1 in. cast-iron bar on 3 ft. used to be considered a 

even now by some), but the 

r. Millar, namely, 31} cwt., are rather 

under than over the average results obtained in these days. 

tion made in my previous 

posi! neutral axis being one- 

f the depth from the top side of a solid 2 in. by 

ce ma bar hae Hg men gy He a ae om 
that experimented upon r. Millar, I w 

ref % the following fractures of cast-iron girders as re- 

ing in a very forcible manner the probable posi- 

Gon of the neuteal exis in gush beams of various sections. 


The Figs. 1, 2, and 3 next represent 


very near the ’ 
to the di wa such posi- 
the sudden alterations in the 
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being nearly six times ter in area than the com: 
flange. Tt will be noticed in these 

the marked alteration in the 
much nearer the 


last diagrams that 

direction of the fractures was 
than the bottom, which I should also 
ity of the metal (as otherwise ascer- 
ents referred to in my pre- 


, and from the i 
vious Wttee to sadtrtaia the compressive strength of cast 
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namely, ‘‘ Referring to Fig. 2 of Mr. Millar’s 
will be comm that the divergence from the vertical 
so great be! 


Mr. Millar used the neutral axis 
orgs from She 
“* divergence’* 
-“‘ imoreased. .abovet”’ as Mr, . 
fractures of the girders also clearly point to 
“divergence”. ceases at instead of increasing above 


Coventry 


Ef 





Fig. 10, i 

severed along the neutral li 

neutral line are not severed, the tendency of the fracture 
sO 


parabolic curve, as projected from A and C, 


li 


anGeneue-etiten-gp-end Rifeety «oe 





Fig .W. 
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My former letter was written more with the desire of 
dding a little useful information to this subject than to 















































** object to Mr. Coventry’s theory of the direction of frac- 
ture,” and with the view of stating a few useful facts rather 


than advance any theory of my own; and to be clearly 
understood, I would again state that Ido not dispute that 
there are lots of cast iron which will have a relative pro- 
portion of tension to compression as taken by Mr. Coventry, 
as there must be irons representing all proportions between 
very soft wrought iron, which is weaker in compression 
than tension, and the very hardest cast iron, which is 
certainly more than six times stronger in compression than 
tension. But what I do maintain is that the iron experi- 
mented upon by Mr. Millar was not represented by the 
neutral line shown on Mr. Coventry's diagram, page 388. 
Apologising for having to again trouble yon, 

Tam, Sir, yours sincerely, 

GEORGE BARKER. 

27, Colmore-row, Birmingham, June 13, 1876. 


THE ORIGIN OF MOTION, 

To THE EpIToR oF ENGINEERING. 
Srtr,—The letter of your correspondent, Mr. Pollard, in 
your last number does not call for a reply excepting as re- 
gards certain ery which might possibly lead to a miscon- 
struction of what I have advanced, and which I notice briefly 
here. Firstly, I nowhere assumed that the breadth of the 
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pose came 
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8, and 9 are diagrams of cast-iron beams 
formed more than six times greater 
ion flanges, and thus of the same 

ous letter. On re- 
t the alteration in the 
very marked, and that it is still 
than the bottom of the beam 
i sections noticed ; 


rtions as mentioned in my 


wrence to Fig. 8 it will 


the upright (or web) 
i considerable distance to both the right and 






| of the medium intercepted between two opposed 
vibrating masses (or molecules), and which is in a state of 
stationary vibration, was equal to the diameter of the 
= masses or molecules. The column is of course so 
at the vibrating masses themselves. But from the v 
fact that the waves emitted by the vibra masses, sprea' 
or radiate, it is obvious that the distur column of the 
medium whose extremities rest upon the vibrating masses 
must spread or increase in diameter considerably towards 
the middle distance, or as the distance from the masses 
increases. Secondly, I did not assume that when the 
vibrating molecules composing the two bodies are clustered 
together in close proximity, a separate column exists alo 
the intervening space between each pair of the ieulsbales of 
the o masses, on the contrary, it is obvious that there 
“ A a blending, or yoy ty — entire column of 

medium intercepted between © opposed masses, 
the en of the disturbance bein; hi to the 
number of disturbing molecules. » it plainly 
not by any means follow that molecules lying in the path 
of a wave should in the wave, as will i i 
to amy one who at considers the subject. 
were the fact, it would be impossible to see a 
the other side of a piece of glass, where mi 
molecules ‘lie in the path of the wave between the spark 
and the pupil of the eye. In fact the molecules of matter 
are by no means in contact and waves can 
them with the utmost facility. 


will pass oo clustered molecules i 
heric air wi t appreciable obstruction. Fourthly, 


is 
er 


Fifthly, the reduction of re of the 


asiuet Kote Sadiees Capelly. spe Se only possible means 


3 





, it 
eis not 
low the neutral axis as above it.’’ I would remark 








that all my experiments go to show that with such iron as 
is would be at about one- 
of the bar, and thus the. direction_of 

at that line and not 








io the fact that 
the 








be 
E F, butas the fibres along the 







commencin el. lid bar would 

both towards e neutral axis, and also in the direction of 

each other, and this would tend towards an OG or double 
i _ | only when the column of the m 























igh 
cote 


two vibrating masses, which from its very nature must | ence of 









. Itis otherwise when ‘the medium is thrown 

into stationary vibration, for then the oscillating segments 
oat broken up, a an ene 

it. & Wave pas: long a pi 

not change the density of the air in the pipe, the air both 

before and behind the wave being in its normal state, and 


‘the wave itself simply consists in a dis ion of air 
in which the condensation in the one half is the equivalent 
of the rarefaction in the other half, and, th re, the 


normal wo of the air in the pipe is on the whole not 
changed by the presence of the wave. It is quite other- 
wise when the column of air within the pipe is thrown 
into stationary vibration, for then the air dilates and its 
density is therefore lessened. The oscillating ents or 
parts into which the column is broken up, ine ing or 
oscillating against each other, as necessarily tend to d 
bs hese | as the me , Syne be a column 
abutting against eac expand the column. 
Phe density of the air in the pipe is thus reduced. So, 
um intercepted between 
two opposed vibrating masses (or molecules) is thrown into 
stationary vibration, can its density be changed. The 
formation of statio: vibrations is the natural and in- 
or awe co - eget the —_ een of = oppos- 
waves. 0 repeated re, ion can the en 
accumulate in the ma between the opposed saaees, 
producing a progressively increasing rarefaction. 

These considerations show, therefore, that unless the 
production of stationary vibrations in the medium between 
the opposed masses be taken into account, the phenomena 
of approach of vibrating masses and molecules must re- 
main inexplicable, there being on the whole no change of 
density possible in the medium, excepting under the ex- 
pansive action of the stationary vibrations. 

Tue WRITER OF THE ARTIC LEs. 





To THE EprIToR OF ENGINEERING. 
Srz,—I propose in this letter (probably my last com- 
munication upon the subject) to say something een 
our contributor’s critique on my second letter (pu lished 
ay 12), which was devoted to the removal of the most 
formidable difficulty that atomic theorists have to grapple 
with—the question of atomic elasticity—a difficulty which 
was exceedingly well put by Sir John Herschel in the few 
sentences I quoted from his “ Origin of Force.” 

I entirely a with what your contributor says with 
reference bo erschel’s ridi the doctrine that forces 
are ‘‘modes of motion’? on the ground that it reduces 
evérything to the ‘‘ mere knocking about’’ of an inconceiv- 
able number of inconceivably minute billiard balls ; I also 
agree with him when he says that there is no arbi law 
in nature, that the will cannot create force, that motion is 
indestructible, ex nihilo nihil fit, and with several other 
really admirable comments Ly various in the 
works ok Herschel a i ae uote ; bd I oe 
regard his treatmen e formidable diffic urged by 
Herschel in the passage which I did qnote against the 
theory that forces are “‘ modes of motion” as anything but 
a signal failure. Your contributor says: ‘“‘ Herschel 
seems to consider it necessary in order that two atoms of 
matter may rebound from each other, that each atom 
should i consist of smaller atoms (atoms of the second 
order) which are already in collision and rebounding inter 
se. Now, if this be the case the difficulty certainly appears 
to be solved in a remarkably simple manner, for the 
rebound of two groups of atoms from each other necessarily 


involves the rebound of the component atoms of which the 


is com atom rebounds from atom, 


which is the very thing required to solve the difficulty.” 
But your contributor has here overlooked the really strong 
point in Herschel’s objection, which is that the smaller 
atoms, the atoms of the second order, must themselves be 
com 
third order, and so on ad infinitum ; in short that, if the 
doctrine be 
80 - — not i of owe ert —. but 
must be composed of parts moving and colliding inter se, 
otherwise motion would be annihil ts 


of other even more minute ones, atoms of the 


true, each atom, sub-atom, sub-sub-atom, and 


ilated every time a colli- 
sion took place ; for collision between ultimate atoms, con- 


sidered as absolutely rigid, continuous, and incompressible, 


cannot take place without a destruction of motion, since 


that which cannot change its figure can have no resilience. 
This fact appears to be universally i 

but your contributor, and is incontestably true. That col- 
lision between two absolutely rigid, incompressible masses 
of perfectly continuous matter—such as your contributor’s 
ether particles, for example, the = of which are at rest 
relatively to each other, and in a 

an utter impossibility, the annihilation of motion, is evident 
from the following 

bodies, of equal mass and moving wit 
strike one against the other, they must, w 
into contact, pass thro intermedia: 
their original velocity 

for an inconceivably short time, before 
Seseie ren, reser 
moment w! ey come to rest the en whi 
hitherto is 


every one 


lute contact—involves 

considerations. as that two such 

ugh all in 

ity and a state of rest, and at last stop, 
ing their 


N ing that at rad 
ow, seeing a 
ich they had 


hing at all—is not 


the velocity of light is so enormously greater than any | constituent —it is impossible to give any shadow of a 
velocity, that the disturbance of the effects due | reason why they should not continue shtest. Tt is this that 
the motion of the body would be relati lands us in what the North British Review calls that ** droll 


ibility of the exist- 


, which seems to prove the im 2 
i ining si atoms in motion”’ 
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aay A Me 
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gor pera 
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neither of the two bodies has. motion to transfer to ii 596 Wak Whe Zilcelty ¥a nok Hetveg but hypothesis, without ," ead i ot 
anything. A et er rer eg arr dbe e i ly evaded. Ni sl bt whit more. eatvate en tal, San 
tent as completely as an can be , that yy per Aten FA ark that Se hose ‘whe’ Hive ta soiled. oF ebtbie eS Oe care te tee 
infinitely hard ato toms cannot exist ; and every atomic houses should not throw stones, It is true that | the endless series of causes which result in atomic 5 
theory which assumes the existence of such bodies is self- pape gan Ad eeptedly ca i Pra bee ged But the fact is there is no necessity that we should attempt 
contradictory, “and therefore false. ean your contributo: A ped Pe ben ed Anyghrae Mss to form any definite conception of an endless series of 

anmacd I really cannot understand why atomic | pressure of the et’ m seorenp pers: » according to} causes. We can conceive of a sufficient number 
create insoluble difficulties for themselves | us both, ,  orte existeune and tha treats , everything else of terms of the series to suit our . What more do 

in this wey. S ycllen nie ceidieeet Wk tot depends. The existence and of every portion we want? t 8 we es school-boy who 
natural as rest. ‘‘ Of absolute rest nature gives us no evi- pelea greet ace | ie ne Lateef Boast and the } declined to calculate the circumference of Sige Saat 4 
dence” (Grove). I could never see any reason why we soaks of every it part being sub- | meter being given, on the that 3.14159, had 
invent new laws of mechanics for small p Petes tae poruacte ot at ork bes Sy 4 vabeery denog only been extended to » and ‘ht, for all he 
leave the more distant parts to “‘ settle the uestion | knew, be extended “ itum.’ Should we not 

i ai him oar the Sigur at teen of the series to 


pee = Be the known ae ot should ht a ply 
oa wall as to large bodi Rogring ss ve we do, that 

mi ho nia fo thet strike each other, Knowing that 

m eir cons 

no particle in existence can be so small as to have no 

at aa and knowing that our ether particles, &c., are p. 

r the very conditions requisite to set their parts in 
vibtabony motion ; why should we assume that the of 
our — particles are in a state of relative rest, when the 

and the only thing required in order . e yg 
hele icity is that their ts should be in a state o 
lative motion ? I have therefore no hesitation in yale 
your contributor’s postulate that there is nothing but them- 
selves for the ether particles to transfer their motion to, which 
clearly implies the destructibility of motion ; and no ‘hesita- 
tion in taking up the position which Herschel’s £ patoenty 
cugusetive ¢ ier & long ago compelled me assume— 
$ our gt particles Ag composed 
of a particles, which are moving and collid- 
ing inter se; these of more minute ones 
similarly rt and colliding inter se, “and so on ad 
infinitum.’ ave no more difficulty in clearly under- 
standing what I mean by this, than I have in understanding 
what I mean when I say that there is no portion of matter 
in existence which is not composed of two halves, those 
halves of two more halves, and so onad infinitum. Instead 
of wondering how the universe came to be constituted on 
this plan, I should Lay much wonder if it had been con- 
stituted on any other. 

But it was this very position which Herschel endeavoured 
to prove to be untenable. Ifit be true, he argues, that your 
ether particles are composed of more minute icles, ani- 
mated by velocities immense as compared with their mutual 
distances, &c., what isto prevent these minute particles from 

themselves’ ‘outin all directions into space? To this 

your contributor replies by saying that we do not want a 
group 0 p of atoms at all in order to effect a rebound, so that the 
about dispersing into space does not present itself. 

But te present itself, and that whether the parts of our 
atoms or icles are in a state of relative rest or moving 
and colliding inter se. The said of atoms cannot be 
dispensed with, unless your contributor is to insist 
that a body may exist just small enough to have parts which 
are too small for independent existence—an inconceivable 
notion ml in the atomic theory of Lucretius. Every 
portion of matter is necessarily composed of ; whether 
these parts are moving or not is another ma But even 
_ that the parts of our ether particles ‘are at rest 
in actual contact, still they are there, and what is more, 
they continually tend to move in di erent directions, so 
that their cohesion has to in some way ; their 
cohesion is an effect and must have an adequate cause. 
When, for instance, two ether particles strike one against 
> other, the parts of the two particles which are in contact 
tend to move in one direction, and, at the same moment, 
their other parts tend to move in other directions. 
Their different parts being animated with tendencies 
to move in different directions, why do they not do 
so? The difficulty about dispersing into space does 
present itself. Consciously or unconsciously your con- 
tributor here assumes the existence of a form of energy 
which is not a ‘* mode of motion,”’ a cohesive force, an un- 
known entity which he set out to dispense with, but which it 
was Herschel’s object to show cannot be dispensed with. 
Herschel’s argument is a ve noe one; if we 
must have recourse to one kind of force, wh not to another 
kind? If there is such a thing as a force of cohesion, why 
should there not be a force o: gravity? Your contributor, 
evading Herschel’s attack, has himself open to the 

of substituting one kind of force for another—sup- 


that is to say, that he had succeeded in ae 
eee of gravitation by means of his ao hic 

— roa ‘solution of the matter is an ex ly natural 

one. Adhering strictly to my main pn et that eniter 
in motion is the only conceivable form of energy, I find m 


self compelled to assume, in order to meet “ the difficul 
about dispersing into wee fe male space 


f varying f form ts, ba 
of sizes, rom the size of a 
particle uminiferous ether downwards ad i 
nitum,. tie oe words, our ethereal fluid is not one fluid, 
but an infinite series of fi fluids, anes Sew Se ee are 

series containing smaller 





among themselves,” gel = sheer impossibility of forming 
any definite o fon elastic fluid? The 


. if 
be bounded. By what? 


not its component particles di themselves into the un- 
region beyond ? ag theory is inconsistent with 

By animpenetrable 

it ———— of infinite 


sous 
the phenomena it esses to ex: 
wall? Of what thickness? 
thickness, then we have the very same difficulty 

pet an face, for it is quite as impossible to form a de 


tion of a boundless solid as of a boundless fluid. t 
the dit? Nothing but arent Then howe 4 

re beyond i ut em: en how can 
be : matter, e: 4 parts 


the ‘‘bounding envelope’’ be of 


we, who admit no form of energy but moving 
pete rcetidhe parts? y does it not burst ? 


one suggest that in order to avoid the assumption of an 


- less series of causes of ethereal yecenere, we ought to 


place at the end of the series an effect without any cause at 


all? If the cohesion of heed da ok $- our hy meng i ** bound- 
ing ¢ envelope,’’ which is itact? bow is pas an 
+ without a cause, words me ond m here is, 
I contend, no conceivable way of escape — t e Priwi Ra 
a our ethereal fluid is without bounds, and this being so, 
phe daw no one who accepts this 
do) any sort of right to object to my theory of atomic 
elasticity solely on the ground that I prefer to explain the 
phenomena as the its of an en series of causes 
rather than as the alte of no cause ee. The two 
cases are precisely similar. of causes is 
assumed by us both to account for the eugene of the ether, 
and an endless series of causes is assumed by me to account 
for atomic elasticity. If, therefore, it be a valid objection 


t my own theory that it is ble, the very same 
SCection is equally valid os that everything 
depends upon the pressure True 


contributor has nowhere distinctly stated that the ether is is 
without bounds ; he has not even alluded to the matter. 
But that Koen’ ee exhibit in more glaring colours the incon- 


thai pited a 
particles to settle the question of cohesion, &c., am 


themselves,” itis quite as imposs 
of the ethereal fluid withouta « a * boun 


envelo 
our inquiries in the direction of the be intel grey and i ms 


that of the infinitely little, must necessaril; 


ly terminate 
“so on ad infinitum.” Objections ie ‘spply with th equal 
d against 


force to all theories cannot surely be vali 
er < Box in particular. 


Ana fe is it true that neither your contributor nor 


myself can point to the cause of ethereal pressure ; not only | chain 
is it true that I cannot int to the cause of atomic elasticity”, 
it is also true that neither of us can (nor can any one else) 
t to the cause of any event or phenomenon whatever. 
We beth hold that forces are “modes of motion.” We 
g to ‘‘ resolve the entire assemb 
= oteabe into the mere be 
number of inconceivabl 
insist that our ‘* bi balls” uae aber been in motion 
as they are now. In other words we both regard the present 
state of things as the result of an endless series of ante- 
cedents. Yet no one thinks of objecting to our doctrine on 
the ground that an endless series of causes and effects is 
unrealisable. No one‘has ted to us that the difficulty 
of conceiving of an endless series of causes and effects might | . 
be evaded by our assuming that at a certain remote per 
the first link in the chain of causation resulted from a state 
of things that rod fang A existed for all eternity. 
this been sugges we should have replied that such a 
supposition no more accounts for the commencement of the 
chain of causation than the supposition 
rag por SF peor 
et! pressure. For which 
in the first link in the chain of causati sohadclwape existed, 
why did not the effect take place infinitely sooner than i 
did? “Tt is thus (to use the words of a great 


el 


a 


necessary part of the fact of causation, within the sphere 
eter He meee that thecauses as well as the effects ots had 

in time, and were themselves eaused.”” And 
even if this were not 40, if the state of things gt me 


dt 
se 


to the series of causes and effects, whi 


ature, had no in time, watusue re face to 
face with our old the ‘so on ad nitwm.” Is 
it any more difficult to form a definite of anend- 
less chain of causation than to conceive of eternally 


an 
existing state of things from which the chain of 
has resulted ? Tn  Dewnilless eulid more realisable t 
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theory (as most people | parts a 


cri my own theory on the 
fied no final final closing keystone to 
the whole plan.” If it be be impossible t0 ‘leave the smaller 


ible to leave the extremities 


= Pee | rnd berg Bee by wit ag we 
n far as went, were 
Sa saat lying of | the “final 
closing to those who 


beg ogi ies the Bott task ? 
Th el made by atomic theorists 
to su} upp the « tone”’ to their theories in 
the shape a on Ltr stom 1s Bove pes ee ng) those 
as perable as ind resem 
us | which attend all attempts to set bounds to the ether or to 
curtail the endless series of antecedents which have brought 
about the present state of the universe. The elasticity of 
a particle of luminiferous ether is, according to m sneory 


wed fate | and colliding, 
urged hat this explanati ion is unrealisable on account of 
the “so on ad infinitum ;”’ that there is no “ final closing 
ki e to the whole plan. ee reply that there is no con- 
ceivable hen AY tha th from the / 2s ad he ote ree ; 
at the of a body are in a state o' 
aaiaal pochost they are still there, and 
even M they are not moving the difficulty of conceiving of 
their existence is just where it was before. An oy of 
at rest is as difficult to realise as an infinity of parts 
every portion of yo neea 
fia” A boundless solid is as unrealisable 
as a boundless fluid. A state of things that had existed 
for all eternity is as unrealisable as an endless series of 
causes and effects. Besides this, the supposition that our 
ether particles are continuous and incompressible no more 
accounts for their elasticity than the supposition that 
matter had existed up to a certain time in a state of abso- 
lute rest accounts for the commencement of motion. 
Neither can we escape from our ‘‘so on ad infinitum 
your | by assuming that, ali it may be true that onr ether 
particles are composed of parts in rapid —— and these 
pate kop Speen vn) oan ors ny Sa ving and so on, 
we should, if we continued our inquiry x enugh: at last 
arrive at the ultimate atoms which are themsel 
fectly continuous and incom: ible. Collision between 
such atoms would result in the annihilation of motion as 
ong | already pointed out. And to make this assumption would 
be to prefer to explain atomic elasticity as the result of no 
cause at = rather than by an endless series of causes cr 
would be as nonsensical as it would be to avoid the 
sion that 4 the ether is oo, by. assuming that it i is 
bounded by a “‘ boundi ”’ which is itself bounded 
ona 7 woe 3 or as it would be avoid the admission that 
cha of cx tsntion by aseuming, that the frst link in the 
cape ow assuming e in the 
itself uncaused. It will be perceived that in each 
one of the the three cases we have bet considering the mind ne- 
cessarily goes ba as — same process of reasoning, and no 
one who regards the chain of causes as endless in two cases 
out of three hag any ‘ht to insist that in the third case, 
which essentially resem path not Prag a “* final closing 
is necessary fter it has been de- 
monstrated t that the “final closing ayetons” would compel 
us to su that little pieces of matter obey laws of 
motion w! we know from experience are not obeyed by 
large odin To alter the known laws of motion in order 
construct an atomic theory which would dispense with the 
“80 on ad infinitum” is as absurd as it would be to alter 
r% rules of arithmetic so that a series of numbers such as 
» 05, .005, &c. (which b y its very nature is endless), mi; - 
sauadlabe with » mere 0, or as it would be to alter 
truths of geometry so that lines should meet which ty 
their very nature ought never oa meet, though they con- 
tinually approach each other. Carried out consistently 
your contributor’s 7 ection would land us in the ab- 
surdity of supposi t there must be an end to space 
because we canno sonmiire it to be vars} toenie. 


ted | My reference to the fact that ‘‘ every one is 
otal 


suaded that space is positively boundless,’’ is und 
your contributor to mean that * ‘our conception of infinite 
space is egoceray sO and he goes on to remark 
“ surel the vennen. Wij ws lose Se fatale ox Gomnaal 
co: ion of infinite space is simply because it has no 
bo’ .”’  Precisely'so; and the reason why we o' oe 


hav co! ion of an ultimate atom—a on 
matter than which no ion can exist—is sim 4 
ary oe there is no such t existence. deer’ being 


erely infinitely divisible, but infinitely divided 
gine! mean by this ood reo hy . , in 
existence is I hold, as our con- 
tributor does, that rng A wn ge + ich have 
“‘ certain definite masses”’—indeed, every portion of matter 
necessarily has a certain definite mass, or it would not exist 
said that there was no limit to the minute- 


‘* Great fleas have little fleas upon their backs to bite ’em, 
Little fleas have lesser fleas, and so ad twm ;”” 
meaning, not that all fleas are infinitely little, but that if 
one of each were arranged in a hnear series af an 

inch would be no end to the series. 8 
now, any one could prove that the existence of any 






























544 ENGINEERING, [June 23, 1876. 
individual flea of this series necessarily implies the existence | molecule and the atom, and that furthermore both con- ] that it had no authorised lish title, and was comm 
of a lot of fleas smaller than itself, the found attraction of gravitation with attraction of cohesion. 


because, if there 
in the ether, it must be “‘ denser than 
ware of that ; but mine is not the only theory 
h ied space. Hobbes long ago 
uid ether fills the universe, so 
no pace at all; and views, identical in 
this respect with those of Hobbes, are actually held at the 
present day by Sir William Thomson and others, which is 
to convince me that the theory is a with no 
difficulties. So long as ja do pe —- } 
oe ee oon why s we P—they 
would in no way interfere with the weight of ordi 
matter; in fact, weight, according to my theory, is ca 
by their influence; and as a | as they slide past each 
her without friction, they would oppose no resistance to 
the motion of bodies through their midst. Why, then, 
should not the ether be “‘ denser than lead?’’ Your contri- 
butor says, that all our experience teaches us that perfect 
fluids have no existence in nature. If this be so, then our 
ethereal fluid need not be perfectly frictionless. By all 
means, let it accord with what our experience teaches us. 
In conclusion, I would ane remind your contributor that 
although my theory of atomic cohesion may not be in 
satisfactory, he himself declines to s te on the 
matter at all, nor has any one else ever done so, wae 
knowledge. It is all very well to say, as was formerly said, 
that the atoms of matter cling together by imaginary hooks 
or claws. hat keeps the hooks together ? asked Leibnitz, 
and this is the question I have been endeavouring to answer, 
with what success I leave your readers to judge for them- 
selves. I , Sir, gratefully yours, 
Tomas INwoop PoLLARD. 





To Taz Eprror or ENGINEERING. 
Srr,—In conjunction with, I believe, many of your 
readers, I followed the series of articles upon this subject, 
that recently have a in ENGINEERING, with con- 
siderable interest, the interest chiefly arising because mole- 
cular science among the mass of is in its infancy, 
but the infant gives forth such manifest indications of 
strength and vitality, naling use when we consider 
the power it will surely wield when arrived at its full 

wn statu It appears to me molecular science will rise 
igher than the other or sister sciences, because molecular 
science is pure reasoning, its professors cannot demonstrate 
their problem to the visual organ of mankind, but they can 
pny aged wad their pape oe Tapeh Fan before the —— 
e for or m, is your correspondent, 
r.T. I. Pollard, has done in regard to his controversy 
with your contributor of the original articles. In the last 
letter of your corres lent he a ~to your readers, 
0 oe to record their verdict relative to the contro- 
its raised ; in so doing, he does not appear to me 

to be wisely, because the great mass of your readers 
cannot be to be so far advanced in the science 
as your contributor or correspondent, whereas to be com- 
petent to deliver a verdict demanding—I think I may with 
perfect truth say—the hest reasoning power, their 





aeunng to my reasoning of atomic phenomena, attrac- 
tion of co do hap teone ye a given distance from the atomic 
centre, and that therefore w atoms of chemical affinity 
lose their vibrative energy, they come under the dominion 
of attraction of cohesion, and their motion is no lo 
vibrative but rotative, that is, they have passed from the 
atom to the molecule, and in this condition form the 

of the liquid compound of which the molecule is the . 
When by the loss of further motive » amass of mole- 
cules passes from the liquid to the solid, then atomic retation 
ceases, the atoms are the dominion of the extreme 
power of cohesion, and are again free to vibrate, but under 
the force of cohesive attraction their atomic space is 
extremely small, therefore we may say the atoms of solid 
matter vibrate under the dominion of cohesive attraction, 
but that the atoms of gaseous matter are free from cohesion, 
but vibrate under the dominion of attraction of gravitation, 
therefore under no instance is there molecular vibration, 
but that atomic vibration exists both in solids and gases, but 
in liquids the atoms are united in systems of chemical 
affinity and their motion rotative, and the systems we term 
molecules. This, Sir, is my creed Atomic. 

Much, therefore, of the matter concerning the waves of 
reflection between the central solar molecule and the corre- 
sponding terrestrial molecule, appear to have been written 
without a proper understanding of the differing attributes 


institution that your last paragraph refers 
somewhat obscurely and not by name, and it appears to me 
to be my duty to endeavour to correct the inference 
that might very naturally be drawn from the wording of 
your mention of this school, viz., the inference that as re- 
gards engineering education in J: , it is of inferior im- 

rtance to the Kaisei Gakko. This is not the case. It, 

ing a special school of engineering, is provided with much 
more complete ap: ‘or ig sey instruction than 
Kaisei o is, and the fact of large engineering works, 
where already the native workmen have been trained to 
do good work, being in close connexion with the college, is 
in itself a very great advan I am not here called upon 
to give any opinion as to whether the standard of education 
is higher or lower in Ko-gaku-ryo than in Kaisei Gakko, 


but taking nothing more into account than the very much 
larger numbers of: students attending the pag meaty than 
those in the special engineering in Kaisei Gakko, 


it is undoubted that the former institution is doing a more 
extensive and important work for the engineering profession 
in Japan than the latter. If their pupils are in any sense 





of attraction of gravitation and attraction o: ; 
there is a general acceptation that gravity is instantaneous 
in its action. Computations for planetary motions admit 
of no time for reflected waves, and the computations of 
solar or lunar eclipses can be determined for centuries 
beforehand, without the variation of a minute. en we 
8 of waves of radiant heat, or waves of light, we know 
the velocity at which they travel, but the force of gravity 
being instantaneous in its action the word wave conve 
no meaning. The central terrestrial or solar atom truly 
attracts every other atom with a force varying inversely as 
the distance squared, but so does every other atom in the uni- 
verse. There is no especial virtue in the central solar atom 
over others ; neither in connexion with gravity can we say 
the earth moves any distance, whilst a wave traverses the 
intervening distance between us and the solar orb— 
the action of gravity is instantaneous. 

If your contributor desires us to understand the interven- 
ing space between us and the sun contains something termed 
ether, and that this ether fills atomic spaces, then I 
disagree therewith. I hold the atom to be undivisible, and 
if gaseous, then by its vibrations preserving pure vacuo in 
its atomic space; but if your contributor desires us to 
understand by ether the —_ filling of interstellar space 
by atomic vibrations, or atoms in motion, then possibly 
there is no living man under a stronger conviction of its 
truth than myself, but I wish to be distinctly under- 
vec in this sense, when speaking of interstellar atomic 

ons. 

, therefore, cannot in the least sive what influence 
gravity can exert upon the atoms in order to make them 
transmit its power, its action being instantaneous, and I 
am open to conviction, and should be pleased to learn how 
a vibrating atom can convey a message of power in no time. 


But. Ihave no doubt but that gravity is the origin of ae. 2 


, that is to say, of the motion of translation of 





minds should be further advanced in the sci than 
either your contributor or correspondent; a disciplined 
soldier ought not to appeal to recruits to deliver their ver- 
dict upon sword exercise. The fact is, sir, the very best 
among us have but little more than learned our alphabet 
of the new language. In a valued article in your current 
» Of a report on boilers and fireboxes, submitted 
to the ‘‘Master Mechanics’ Convention” held at Phila- 
delphia, we find a subject that could be lucidly and clearly 
explained in molecular language, yet the vem | molecule or 
atom does not even a r, and with good reason, for the 
professors of the ion baaneas have hardly as yet arrived 
at what we may term its grammatical construction. Under 
these circumstances it a to me science is much in- 
debted to you for the publication of the articles and con- 
troversial correspondence, but it is useless for its advocates 
to hope for a momentary ing victory, the verdict can 
be but slowly arrived at, and that at adistant period, there- 
fore, it appears to me wise to open your columns for the free 
exposition of molecular rennening: ut those who enter the 
arena must be prepared for a little rough handling, and that 
the more so in the exact ratio of the soundness and excel- 
lence of their reasoning. 
But in the controversy between your contributor and 
t, much of the substratum of your contributor’s 
is wholly lost sight of, and we behold a severe 
struggle over a small bone from which there is but little if 
poe marrow to extract. The base of your contributor’s 
icles was to demonstrate from reasoning the impossibility 
of “action at a distance,” and the controversy has degene- 
rated to a grand athletic display over a twiing-fork and a 
card, and the wrestle appears to have arrived at the re- 
markable deadlock of and Ajax, wherein we find 
each controversialist appears to have wholly overlooked the 


between a molecule and an atom; whilst in| and 


my judgment the difference is as marked as the difference 
a wordand a letter, the atom being the letter, the 
molecule the word. I believe the general acceptation of the 
meaning of molecule is an atomic group forming the base of 
ony stpeceas ; an ty oun ecnepteten of Se meaning, 
Saat with the idea of molecular vibration, because 
the cannot form till the atoms of its composition 


are within the reach of each other’s power of adhesive 

attraction, ee ee ee but rotate, and have 

become the of the com ; thus we know germs or 

molecules bes Beas Boe a with Roeiene of cow 
no’ 

from rotation, the atom alone being vibrative. 

It appears to me both your and contributor 





meteoric or other bodies, and that vibrative atomic motion 
is the resultant from previous translative motion ; thus the 
— of the steam engine receives its translative motion 
rom the destruction of atomic motion, and the destruction 
of the motion of translation, if no work is done, again, in 
some form or other returns to atomic motion; gravity 
is not the direct author of atomic motion, but it is 
the direct author of translative motion, from which 
all atomic motion derives its original vibrations. Without 
doubt or question, therefore, we may trace the origin 
of motion to gravity, but when the translative motion 
is destroyed without the performance of work, the trans- 
lative motion lives in all its intensity as atomic motion, 
and the life of atomic motion is manifest as heat. I know 
we live in days when, if there is one thing more than 
another pence of universal condemnation, it is scientific 
writing that can be understood. So long as the scientist can 
defy penetration, many pleasing adjectives precede the 
mention of his name, but the culprit who explodes the fond 
dream of impenetrable mys must bear the consequences. 

As I have striven to divest this important subject of every 
mystery, and present the subject before your readers in 
the fe ae and I may say ty of its grandeur, I will 
patien y await my punishment, even though enduring the 
agony of being “‘ let severely alone.’’ 

I am, Sir, your obedient servant, 
RICHARD SHEWARD. 


ENGINEERING EDUCATION IN JAPAN. 
To THe Eprror or ENGINEERING. 

Srr,—In your number of February 25th, I noticed an 
article headed ‘‘ Engineering Education in Japan,” which 
is for the most part a description of the course of scientific 
ially engineering instruction given in our Uni- 
versity. There isa good deal of confusion in the minds of 
our fri in Eng’ between the different educational 
institutions in this city, which is sometimes a little annoying 
to many of us. You will perhaps allow me one or two 
lines’ s to correct a false impression that would 
Ba tray, let me correct the in 90 trangey prevalent 

a ¥ me lea so en’ 
in Europe that Tokyo is a different place from ¥. ido. 

Yeddo is no longer existent, and T is not “near 
Yeddo,’’ but is the city anciently called Yeddo, and which, 
since the great tion, under its new name been 
i i metropolis of Japan. Also, our in- 








raised to the di 





» | what 
such inexact ge 
to general application. 





younger,”’ as you say they are, t ours, that is only 
because the institution came into existence later than ours. 
The course of study in the College of Engineering is shorter 
than in the University, because the whole number of years at 
their dis: is less, and Mr. Dyer has wisely considered that 
aconsiderable portion of the whole time should be spent in 
the workshop. On the other hand, the University students 
have more time at their disposal, and although the teach- 
ing is made as thoroughly practical in its bearing as it can 
be in the laboratory, the drawing, designing, and estimating 
Office, and the lecture-room of a university, still they are 
not supposed to —- their professional education there. 
A large number of the best of them do this under travelling 
scholarships, which enable them to study the practice of 
foreign nations. » Although this recognition of the very 
high importance for Japan of the Imperial College of En- 

ineering will naseneagll ly arrive at your office rather late, 

hope you will consider it proper to do me the favour of 
inserting it. 

Yours truly, 


Rosert H. SMITH. 
Kaisei Gakko, Tokyo, Japan, May 4, 1876. 


“THE ART OF MEASURING.” 
To THE EpITor oF ENGINEERING. 

S1r,—In your issue of the 9th inst., you publish a report 
of Dr. C. W. Siemens’ openi dress to-the members of 
the conference in connexion with the Mechanical Section of 
the Loan Exhibition of Scientific Apparatus. 

The title is the ‘‘ Art of Measuring,’’ and a very compre- 
hensive one too, as the paper shows, but would have shown 
still more clearly if the [ieee and the title had had more in 
common, but the substance of the address is an imperfect 
or incomplete catalogue of measurable forces, quantities, 
from an engineer of Mr. Siemens’ eminence 
something more than this ; an address of both practical and 
scientific value to a very large class of workers, but my ex- 
pectations were by no means realised, even to the moderate 
extent of getting an exhaustive catalogue. Under the head 
of linear measurement we are told nothing about the art of 
measurement, nothing about the art of ing planetary 
distances, nor microscopic distances, nor about curved 
surfaces, distances on which are possibly immeasurable, as 
Mr. Siemens restricts the art to plane surfaces. But we 
have a few remarks instead on the subject of Whitworth 
gauges. Mr. Siemens says that in his opinion it is to be 
regretted that Sir Joseph adopted as the unit of measure the 
decimalised inch instead of the centimetre ; Sir Joseph may 
be safely left to suppert his own case, but this I will venture 
to say, and I think the large majority of English engineers 
will with me, that if he had adopted the centimetre, 
not all the splendid mechanical refinement he has lavished 
upon the gauges would have been sufficient to introduce 
them as ceatents into engineering works. Dr. Siemens 
has I presume forgotten that before Sir Joseph Whitworth 
introduced his standard gauges, taps, and dies, almost every 
engineer had his own particular sizes and threads, and what 
one called an inch bolt would not look at what another with 
equal propriety called an inch nut. That which Sir J —_ 
did was to make the practice of the omit uniform, and a 
great work it was, but had Sir Joseph consulted Dr. Siemens 
and adopted the centimetre the work would still remain to 
be done. I do not wish it to be understood that in defend- 
ing the inch standard I am opposed to a decimal notation 
or the metrical system, but merely that in adopting the 
inch, Sir Joseph took the only practical means of attaining 


a t object. 

While ) was on the subject of gauges, he 
might have said something with advantage upon the beanti- 
ful means and refinements used in making them, for they 
would be the same whatever the standard, and are the very 
essence of the art of measuring. The word pressure occurs 
in combination with the words weight and space, but I seek 
through the paper in vain for any notice of the art of 
m ing pressures, such as tensions of vapours, steam 
caper ic pressure, oni fe. ic mg while on 
subject of pressure, I may mention th: . Siemens is 
absolutely wrong in supposing that he gives us a correct 

neralisation when he says that the combination of the 
ideas of ht or pressure with gives us the conception 
of work. he is right —_ e can explain what amount 
of work the combination of a ton and anacre give. I know 

Mr. Siemens means, but I cannot see any 
i generalisations, which are not 
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Another slight omission in the catalogue is electrical con- 
ductivity and two or three allied subjects, barometrical 
measurements, &c. Upon theimmensely important subject 
of the art of measuring the amount of heat given out by 
different bodies during combination with one another, during 
changes of molecular condition, and poses performance 
of vital functions, nothing is to be found but a passing re- 
ference to the Lavoisier calorimeter and Dr. Andrews’ in- 
genious ap tus. But now comes the amusing part of the 
address. case the ‘‘ leading men of science of all civilised 
nations’’ should feel disappointed, Mr. Siemens winds up by 
treating his audience to a description of those most ingenious, 
and so far as one in particular is concerned, not ne 
described instruments, which have been invented by the 
Siemens’ family. So ingenious indeed are they that although 
Mr. C. W. Siemens’ own invention is merely an instrument 
for measuring the attraction of gravity, no place could be 
found for its description in the meagre inventory of weight- 
measuring apparatus. 

Some people may call Mr. Siemens’ address a scientific 
one, but I am afraid I cannot, and I appeal to you, Sir, 
whether there is not a danger of this so-called science lead- 
ing our young engineers astray? The older ones see through 
this everlasting cr. ing-up of scienee, but the young ones 
cannot all be expected todo so. This phraseology, termi- 
nology, classifying, subdividing, and nomenclaturising is not 
the sort of thing to promote the material welfare of the 
human race. We must not forget that those magnificent 
conetetens, to the authors of which weall stand so much in- 
debted, were in the large majority of cases worked out by 
single unassisted minds. It is most desirable that young 
men should remember that original work is generally soli 
work, and not in any way the outcome of conferences. It 
seems, almost absurd to have to say that one man of first- 
rate capacity can by himself do more original work than 
100 gentlemen of moderate ability sitting in conference, but 
if this be the case, then what great are these scientific 
meetings ? Science has done much, very much, for the world 
I do not deny, and no one than myself has more respect for 
science and scientific men,. but I must protest against the 
repetition so often heard now of the bare assertion, unaccom- 
panied by at least some proof of the statement, for in this 
repetition and, so to speak, scientific drum-beating, we lose 
sight of the fact that many of the ial gains to 
the world are the direct results of inventions which long 
preceded the scientific explanation of their modus operandi. 
Some of them are still isolated facts, and form no part of a 
science. Louis Paul’s spinning by rollers, Crompton’s 
beautiful mule, John Kay’s fly-shuttle, Cartwright’s loom, 
Newcomen’s engine, the parent of steam engines, Watt’s 
great series of inventions, all preceded the era of con- 
ferences, and are only a few of the examples which might 
be given. No one will deny the enormous value of screw 
propulsion to the world nor of Bessemer steel, yet screw 
propulsion trembled in the balance until John Penn deter- 
mined the matter with his wood bearings, and Bessemer 
steel became a possible product only when Mr. Bessemer 
found a material capable of standing 
What had Mr. Penn or Mr. Bessemer t from con- 
ferences? Science has much to thank inventors for, but how 
much inventors have to thank science for is an open question. 
I conclude then, Sir, hy apologising to you for so lengthy 
an intrusion on your space, and by appealing to you to do 
something towards warding off the danger we now run of 
losing sight of; our great, our noble, and, alas! our too 
often unrewarded benefactors in the whirlwind of scientific 
chatter of the present day. 

Iam, Sir, yours obediently, 


[Our correspondent appears to have quite overlooked the 
fact that Mr. Siemens’ address was not intended to be a 
lecture describing the various ramifications of the ‘‘ Art of 
Measuring,” but a presidential address introducing the 
lectures of others who dealt with the different branches 
of the subject in detail.—Ep, E.] 





PROSPECTS OF ENGINEERS IN INDIA. 

To THe Epitor or ENGINEERING. 
, Str,—A letter of a ‘‘ Victimised Parent” in one of your 
issues has Iam sure given great satisfaction to the mem- 
bers of the profession in India, deluded by Government 
under promises which have not been kept to serve them in 
this country. It is then with a hope that many parents 
will be deterred from incurring the expenses of a Cooper’s 
Hill education for their sons, in order to send them out as 
stated by your correspondent to ‘‘ Face all the privations, 
discomforts, and sicknesses of this: climate; to join a 
service which has no prospects, and in which an engineer 
after having spent the sunny days of his life returns to his 
native country on a miserable pittance almost as penurious 
as when he left it.”’ 

Meetings have been held and fresh ones are being 
organised to s the stagnation in promotion in the 
department, and to get up a memorial to Government on 
the subject. I was one of those induced to come to this 
country over seven years ago ona salary “about 2401. a 
year,” for one year on probation, as assistant engineer 
jepeh ery when I was made, oe are, an assistant in 

1 grade on a salary ‘about 4201. a year,” and 
having been three and a half years in that grade, not 


Pn two years” as promised, was promoted to first 


» “about 5401. a year,” actually at present 
rates eaten 4301., which is about equal that 
— after a year’s probation in the department, ann fn 
which grade I still am with no prospect of another step in 
consequence of the total block in promotion. 

We are about to memorialise Government for better 
— rules, in order to induce the elder members to 
re, and also to compel members to retire as in other 
coreions neaee the age of 55 years. These requests it is 
thought, if granted, would produce » healthy flow of 


igh temperatures. | gauge. 





are no prospects whatever for young engineers coming to 
India in the Government service. 

I beg to subjoin several letters to the Pioneer, a 
leading Indian journal, showing up our grievances, which, 
as the subject concerns such a — body of the profession, 
you may perhaps be induced to publish. 

I am, Sir, your obedient servant, 
My 20, 1876. Spgs. 


hese letters enclosed by ‘‘ Spes’’ are numerous, and we | to 


have not space to reproduce them.—Eb. E.] 
COMPOUND LOCOMOTIVES. 


To THE EDITOR OF ENGINEERING. 

Srr,—In your impression of the 9th inst. og described a 
compound cylinder locomotive patented b . A. Mallet. 
Would Mr. Mallet kindly favour us with date of above 
patent? We introduced the above class of engines for 
towing purposes on the River Elbe in March, 1872. Our 
cylinders are 8$in. and 12in., pressure 90lb. For ordi- 
ped towing purposes the small cylinder only is supplied 
with steam from the boiler, and is expanded through the 
large one. When greater power is required both cylinders 
are supplied direct from boiler. 

We make our boilers sufficiently — to supply both 
cylinders, that they can work contin’ with power 
during the winter amongst the ice. The same owners 
ordered a second vessel by us in 1873, to be fitted with 
same machin Both vessels are still plying on the 
River Elbe, and are giving the utmost satisfaction. The 
owners of the above vessels are Petersen and Alpers, of 
this city. By inserting the above you will greatly oblige 

our obedient servants, 
Jas. EMPsON AND COMPANY. 
Hamburg, June 13, 1876. 

[As we understand it, the novelty in Mr. Mallet’s case 
consists not in the ment of — used, but in 
its application to locomotives.—Eb. E.] 


THE CHANNEL TUNNEL,* 
To THE EpIToR OF ENGINEERING. 

Srr,—Whilst di ing, last week, some of the objec- 
tions made by critics — this project, I find that I 
somewhat exceeded my first intention at the conclusion of 
my letter, inasmuch as it would be perhaps unadvisable to 
step beyond —— principles until the scheme has assum 
some more definite shape. The construction, however, of 
a tunnel across the Channel would give rise to questions 
which demand solution elsewhere at the present moment, and 
to which public attention may be with some yornese. 
The various gauges of the chief lines of ee which 
are noticeable upon the area encl within a circle drawn 
with a radius of 600 miles, and having for its centre the 
Port of London, appear to be, in Denmark and Holland, 
4ft. 8}in.; Belgium, 3 ft. 8 in. and 4 ft. 8tin.; France, 
$ft.4in. and 4ft. 8$in.; Prussia, 4ft. 8}in. ; Switzer- 
land, 4 ft. 8} in. and 3ft. 7in.; Austria, 4ft.8,in. The 
majority coincide with the 4 ft. 8} in. stan English 
, but the wants of the minority cannot be ignored, 
and I do not know of any railway carriage in existence, 
the use of which goods and passengers are transpo 
over the metals of two lines of dissimilar gauge ; but I be- 
lieve frequent attempts have been made to arrive at this 
result at places where the necessity is obvious. ? 

Upon any line whose connexions could be made with 

ints and crossings differing in design from the standard 
fenglish) tterns, either of the arrangements shown in 








Figs. 1 and 2 would be suitable. 
Figs, FIC.@. 
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They provide simply for the attachment of a second 
pair of wheels of the requisite gauge to the axle of the 
4ft. 8t in. carriages. In cases where it is desired to work 
two short lines of dissimilar gauge, with the same ro! 
stock, with the view of avoiding the shifting of the 8 
(and such cases actually do exist in various parts of England 
and of the Continent), it might prove to be the most 
economical plan to replace the present connexions with 
others of suitable pattern. The several other methods 
which have to me, and which do not require any 
alteration in the permanent way, are based upon mechanical 
arrangements for transferring, at any moment, the weight 
of the loaded truck, or car, from one set of wheels to 


another; each set serving for a distinct gauge without Le 


interfering with the stability of the structure. 


ae Fic 3. 





BROAD CAUCE 











FIG.4. 


NARROW GAUGE e 
rh ecmeen” * 


Figs. 3 and 4 show one of these designs, and explain the 


* Erratoum.—In the previous letter, read ‘‘ taking the 
proposition first,” in lieu of ‘‘ proportion.” 














ed | in 1867 for constructing a 





545 
method of transf the car from one to another. 
The one nil” of whasls we ince ieee to 
thse necessitating the lifting of the cat ta the beight of 

us necessi e car 
only 3 in. or 4in., in order to transfer it to the other 
gauge. This transition will be effected after running the 


a siding, parallel with which runs (either 
within or without the metals of the gauge in use, a li 

circumstances) the line of rails upon which it is r 
to place the train, and which are laid at a superior 
of — or 2in., as shown upon 7, 3. 

I do not think that the weight of the dead set of wheels 
and that occasioned by the requisite under-fr is likely 
to form a serious objection when the saving effected by 
avoiding the transference of the goods from one car to 
another, and from the fact of each one of the proposed cars 
representing exactly two cars of dissimilar gauge, is taken 
into consideration. 


As the involved in the construction of the 
Cha Tunnel, which Baron Von Weber declares has 


been under-estimated, I believe the estimates range from 
7,000,0002. to ei yf ow os = consider the 
great experience of some ose who have prepared 
estimates I think facts should be stated by whomsoever 
chose to question their figures. 

_ The cost of Ay leony would most wateocbtadie be Page 
in providing, at least, three o ong the route o! 
tunnel, fe atrodectton of whic h into the scheme is, I am 
convinced, quite feasible, and would cheapen the cost of 
extracting the material by shortening the ‘‘lead,’’ These 
openings would serve uently as ventilators, and assist 
in the safe navigation of the Channel as lighthouses, their 
position being well defined upon the chart. 

The practicability of giving sufficient stability to a circular 
pillar so as to resist the action of the sea, the outer case of 
which I propose to make of cast-iron ow her 
from the inside, and the interior to filled in with one 
mass of concrete (through the centre of which the perma- 
nent shaft will be formed) will not, I think, be questioned 


after the important experiences in lighthouse 
pone: ae which are frequently built at more exposed 
positions than to be found in mid-Channel. 

Mr. George i 


2 posed as well the use of 
in the scheme he brought forward 
Bane Se pele ei a at 
a risnez, and he p’ : o 8 
iomenian them from the surface of the sea with the aid of 
nena and numerous cables, the latter being intended to 
guide the columns in their downward fall. You will agree 
with myself, Sir, in anticipating the inevitability of some 
considerable risk and insecurity in attempting to locate a 
column of adequate size and bt from the water ; but, 
Sir, these risks do not present ves in so 8' a 
light, if you adhere to the usual course in 
stacks or edifices of any kind, Ons © Sale Gemenene 


vertical columns or sk 


with the foundations, and by raising 
to its requisite height. The method I would Hn wen 
follows: The tunnel shall be commenced at shores 


gutens ak ak te Bee eee & 
or 5 miles along the corn defined. 

Upon the attainment of Shar of those dintansie. éaatleey 
shall be constructed at both ends, laid out at right angles 
with the centre line of the tunnel for a distance of some 
50 ft. The extremity of either shall fix the site of 
the foundations of the -_ column, the raising of 
which shall be continued from its interior. The segments 
forming the circle as well as the cap thereof, and all joints, 
shall be fitted previous to their introduction into the 


work in suc anne ee ero © 
tained a perfectly water-tight chamber deriving its ventila- 
tion from the sliding or cap (to be 


used in raising the column) shall be subdivided into a series 
of compartments so as to confine, in the event of 
the water to one chamber, from which it could be wi 
drawn from an adjacent one and the evil repaired. 
homme oe a‘ must ae that I should have no hesita- 
m in é ve to an intending contractor, a com- 
Joho sebems of cousiruction by whieh be would be able to 
eliver over within reasonable time, a double track of 
—— across the Channel for the hing no eases oye y Fo 
in parts peepee wi rogress 
pao Tho savant lies within the limits which define 
the commercial success of- the enterprise. The French 
nation are deeply interested in the realisation of the tunnel 
and it is no unjust compliment to make, in saying that 
i payromledy ey Boortg~ Rove Frese wo 
in ng ow works of in 
tional interest, and _ wedaition, that oe. i 
insti usually guard them from en’ into enterprises 
of ——— profit. Po naen _ = secondary 
interest in the opening of the tunnel, it cannot 
ne in | ory -conservative coun’ that tke 
6 eyes 


Your obedient servant, 
G. Frrzroy Coie. 
76, Lansdown-place, Brighton, June 20, 1876. 


e may state that a number of changeable trucks 
alte mee ote in America for over the Sft. 6 in. 
gauge of the Grand line and 4ft. 8} in. 

rs) railways. The arrangement em Ww. 

much more simple those proposed by Mr. Cole, was 
described and us about six a years 
ago (vide pages 332 and 
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PRICH LIST OF MATHRIALS. 


Tuurspay, June 22, 1876. 
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wood, for 16,0471. 
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FERTILISERS AT PHILADELPHIA. 

In a pretty pavilion at the Philadelphia Exhibi- 
tion, surrounded by tastefully laid out grounds, in 
which, besides hardy plants and exotics, the 
tobacco plant, sugar-cane, and cotton flourish, 
are the exhibits of the Pacific Guano Company, 
a Massachusetts institution, with a capital of one 
million dollars, and having its chief officein Boston, 
with works at Wood’s Holl, Massachusetts, and at 
Charlestown, South Carolina. It was originally 
established privately by a firm of Boston merchants 
who, having large shipping interests on the Pacific 
coast, turned their attention to obtaining return 
cargoes of guano, and as a consequence of this they 
became possessors of Howland’s Island, it the Pacific 
over the equator, and in west longitude 177 deg. 
But the guano on this island, though exactly similar 
to that of the Chincha Islands, is exposed to heavy 
rains, which washed away the organic matter, leav- 
ing behind a concentrated deposit of phosphate of 
lime, and before this material could command a pro- 
fitable market it was necessary to restore to it the 
organic matter it had lost. The source of this 
matter having been fish, it occurred to the owner 
of the island that, by adding fish remains to the im- 

overished guano, the latter would be restored to 
its original condition. It happens that the locality 
where the company’s works are situated in Massa- 
chusetts is the centre of a great industry, the 
manufacture of fish oil. Off the coast the menhaden 
or pogy is caught in vast quantities, and the oil it 
contains is extracted, leaving behind a digested mass 
of fish fragments. 

This menhaden fishery and oil manufacture as- 
sumes great dimensions. The fish is not large, and 
belongs to the same family as the shad. It is, how- 
ever, unfit for food, on account of the large number 
of small bones it contains, In this trade during the 
we year 2643 men were employed, and the fishing 

eet consisted of 343 vessels, of which 39 were 
steamers ; the capital invested was 2,650,000 dols. 

The number of fish taken was estimated at 
563,000,000, or 1,877,000 barrels. From these 
2,681,487 gallons of oil were extracted, and the 
waste products amounted to 53,625 tons of com- 

ressed fibre and bone. It is this material which 
is employed to mix with the phosphate to produce 
the guano. But the journey between Massachusetts 
and the Pacific was long, costly, and dangerous, and 
the discovery in 1867 of the fertilising properties in 
the remarkable deposits of bone phosphates along 
the coast of South Carolina, led the company to con- 
sider the advisability of abandoning their workings 
on Howland’s Island, and to obtain their supplies 
from home, Previous to this time, however, they 
uired the possession of the Great Swan 
Island in the Caribbean Sea, on which was an esti- 
mated quantity of 3,000,000 tons of guano im- 
poverished also by the action of rain. 

A few words about the marl beds and phosphate 
rocks of South Carolina will not be uninteresting. 
They are referred to as far back as 1797, when 
Ramsay wrote his History of South Carolina, but 
the discovery of the deposits of beds of nodular 
phosphates containing in enormous quantities fossil 
remains of extinct animals, is of much more recent 
date. They occur just above the beds of marl in 
certain localities, and vary from the size of a pea 
to masses weighing some hundreds of pounds. When 
broken they emit a fetid odour. In 1850 these no- 
dules were described by Professor Holmes, of 
Charleston, in a paper read by him before the 
American Association for the Advancement of 
Science, as marl rocks. And he pointed out that they 
contained only 2 per cent. of carbonate of lime, while 
the marl contained 70 per cent., and he accounted 
for the deficiency by supposing that the lime had 
been washed out. But it was not known till long 
after, although the value of phosphates as fertilisers 
was well understood, that these nodules contain 
from 60 to 65 per cent. of phosphate of lime, and 
the discovery was made in the summer of 1867 by 
Dr. St. Julien Ravenel. From that time the phos- 

hate beds of South Carolina became the scene of a 

rge industry, and since that date more than six 
millions of dollars have been expended in plant and 
works for obtaining and preparing this material. In 
1872 over 206,000 tons bat honk shipped. 90 000 
tons of which were exported. The deposits lie along 
the beds of the watercourses and on the banks of 
rivers, and are not found in any abundance more 
than 400 or 500 yards from water or swamps. 

The Pacific Guano Company secured the control 
of a part of this district called Chisholm’s Island, 
situated in the widest portion of the Sea Island 


region, and about midway between Charlestown 
and Savannah, and some 44 miles distant from each. 
It is six miles long and two miles wide, and is 
covered with a layer of the phosphate nodules 

ing in thicknesses from 12 in. to 3 ft. The 
nodules are also found in large quantities in the 
watercourses and creeks, The excavation does not 
go more than 5 ft. below the surface. The follow- 


material : 
per cent. 
Moisture and organic matter... «. 5.22 
Lime ms aaa ae pie » 37.62 
Oxide and fluor «8.05 
Phosphoric acid .» 30.99 
Carbonic acid, &c. ..» 20.87 


This analysis was made by Professor Liebig, who 
states that the phosphoric acid is equal to 67.66 per 
cent. of bone phos hate of lime, 

It it this material which, ground, properly treated, 
and mixed with the fish refuse, forms the fertilisers 
manufactured by the Pacific Guano Company, and 
of which over 35,000 tons are produced yearly. At 
present between 400 and 500 men are employed at 
the works, and about 150 sailing vessels, besides 
barges, are engaged in the industry. 

The exhibits of the company, besides those show- 
ing the fertilising effect of the guano, as evidenced 
by the rapid growth of plants and flowers, consist 
of samples of the raw materials used, the same pre- 
pared for manufacture, and the finished guano, 
together with models of their works in Massachusetts 
and in Charlestown. 


MACHINERY FOR MAKING BARRELS. 
(Concluded from page 5038.) 
TRUSSING OR ERECTING BARRELS. 

THE next operation after jointing and bevelling 
staves is generally to erect, or, as it is called, 
“truss” them, that is to set them up in form to re- 
ceive a retaining hoop at each end. ‘hisis the course 
pursued when the vessels are to be completed at the 
same eae and time where the staves are prepared, 
but when staves and heads are furnished as an article 
of merchandise to be erected where the vessels are 
to be used, the staves are sometimes finished, and the 
crozipg and chiming done without setting the 
vessels up. 

In this way the staves are finished singly one at 
a time, or a vessel may be trussed and then taken to 
pieces again, and the staves and heads be put in 
packages to save room in transportation, and facili- 
tate handling. Machines for chiming and crozing 
staves singly, which the plant now under notice 
includes, will be described further on. 

On page 548, Figs. 17 and 18 are side and top views 
of the mechanism, designed by Mr. Richards, for 
trussing. The several parts are all attached by 
means of bolts in the uniform dovetail grooves of 
the frame, and as the machinery occupies but one 
side of the frame, only a half is shown. 

Referring first to Fig. 18, aa are two sliding 
carriers moved to or from the centreon the bar e by 
means of the right and left threaded screw 7; on 
these carriers aa are formed studs, to which is 
fastened a rope surrounding the vessel, as shown in 
Fig. 17. By turning the crank at » the rope is 
drawn equally each way, and the top of the vessel 
forced together until the staves come into close con- 








retain them. 

At the bottom of the vessel, Fig. 17, is shown 
another trussing hoop supported on the movable 
jaws oo. Whenthe top of the vessel is closed in 
the manner just described, this bottom truss hoop 
becomes fastened by the expansion of the staves, 
and is withdrawn with the vessel when it is re- 
moved from the machine. The ring frame s and 
the bottom trussing hoop constitute a form in which 
the staves are set up previous to rigciny Me 

When vessels of smaller size are to trussed, 
annular rings or filling-in pieces are inserted in the 
frame s, anda hoop of suitable size employed for 
the lower end, the jaws oo being moved out or in 
from the centre to suit the diameter. 

A series of annular a are marked on the plate 
d, as seen in the plan, Fig. 18, which enable the 
jaws oo to be set without measurement or the com- 
plicated mechanism which would be required to 
move them simultaneously and concentrically. The 
method of trussing by means of a rope is one which 
has always been practiced by coopers, the appliances 
for drawing it around vessels, of course, varying 

ith circumstances. The machine just described, 





it may be observed, is not only a trussing machine 


ing is an analysis of an average sample of the/ 


tact, and a truss hoop can be placed over the top to | P 


“547 
SSS 
but contains the setting up forms as well ; a common 
method especially for the larger vessels is to set the 


staves up around a form in a position inverted from 
the one shown, that is with the closed end up, and 
after driving on a trussing hoop to remove the 
vessel to a trussing machine to be closed at the 
other end, 

CHIMING AND CROZING, 


Finishing the ends of cooper vessels to receive 
the heads involves several operations called in 
Europe chiming and crozing, and in America 
chamfering and crozing; sometimes the term 
howelling is also used to designate planing or 
smoothing the inside of the vessel where the croze 
groove is formed. 

The machine shown in side view and plan, Figs. 
19 and 20 on the next page is arranged to perform 
all these operations, 

The vessels being erected, or trussed, in the ma- 
chine last described, are placed in the present one 
in the position shown at ¢ in the plan, Fig. 20. 
Within the two brackets a are enclosed two annular 
gear wheels having a bearing on their periphery, 
these wheels being driven uniformly by pinions on 
the shaftc. One of the frames a is fixed, the other 
being moved by--the-handwheel-and screw at d. 
By moving the two brackets a together, the vessel 
e, by reason of its taper, becomes firmly embraced 
within the two ring wheels and can be revolved by 
turning the handwheel s. When the vessel is in 
position, ‘‘ chucked,” as it may be called, the two 
cutters at # » are drawn into contact with the ends, 
and as the barrel is then revolved once around by 
turning the wheel s, the cutters plane the inside, 
—_ the croze grooves and the chime bevel on the 
en 

The cutters used are shown in section at Fig. 21; a 
and ¢ are two circular saws having notches in their 
a to admit the bent cutters cc. The 
mode of cutting is shown by the stave m. The larger 
of the saws cuts the vessel to length, the smaller one 
cuts the croze, and the bent cutters c c perform the 
two functions of planing the inside, or howelling, 
and also cut the chime bevel at the ends. 

In this arrangement it can be seen that both 
saws and the two cutters are all held by two 
noe y bolts; the holes in the cutters being 
slot permit an adjustment as the saws are 
worn away and the diameter is less. We may also 
point out that employing a circular saw, almoat 
complete, to cut the croze, is an improvement on 
crozing tools with a single edge or a few edges, 
because such a saw will operate for a long time 
rar sharpening, and make what is called ‘‘ clean 
work,” 

In machines ‘of larger size the barrel or other 
vessel is revolved by power instead of by hand, but 
in the smaller class of work the mechanical compli- 
cations of power gearing can be avoided, and the 
work be done as well by hand, 


CHIMING AND CROZING STAVEs. 

‘The two machines next to be noticed, not forming 
a part of the regular plant, do not require very 
careful description. As mentioned in a former 
place, it is seldom expedient to finish staves singly ; 
generally it is a better plan to erect vessels before 
chiming and crozing, even if they are afterwards 
to be taken to pieces again for packing and trans- 
orting. In the present plant, however, the purpose 
is to provide for the manufacture of the lighter 
class of cooperage in all its different forms, hence 
the single machines are included. The machine 
shown in Figs. 22 and 23, page 549, is provided 
with cutters similar to those employed with the 
machine last described. ‘The stave a is bent by 
a stop on the lever c, and its ends coming ia con- 
tact with the formsee. By depressing this lever 
after inserting a stave, the latter is carried down 
past the two cutters o o, and after its ends are cut 
to the proper form it falls from the ine. 
The machine, Figs. 24 and 25, page 549, is so well 
explained by those views that description is almost 
unnecessary. One thing, however, may not be clear. 
In raising the iage a, to bring the stave ¢ in 
contact with the cutters c, a hook at s bends the 
stave to the form shown, but as this bending must 
be completed before the cutters begin to act, a 
spring is provided at m, which permits the hook 
to yield after the stave is bent down and comes in 
contact with the stop screw #. On lowering the 
carriage a the nuts at i stop the hook s, and 
release the stave. The cutters in this machine are 
constructed on the same plan as those before 





described, except that their diameter must be ap- 
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MACHINERY FOR MAKING BARRELS. 
CONSTRUCTED BY MESSRS. ALLEN RANSOME AND COMPANY, ENGINEERS, CHELSEA, FROM THE DESIGNS OF MR. JOHN RICHARDS. 
Fig 77 






























































proximately the same as that of the vessel for which 
the staves are intended. 


PREPARING Enps on HEADS. 


The machine shown in Figs, 26 and 27, annexed, 
is the last one to be described, and consists of a 
combination of what are really three s»parate 
it performing all the operations of making heads 
except sawing out the boards from timber. 

The operations here performed have generally been 
divided Cowen five separate machines. They can be 
named as follows: cross-cutting the lumber ; joint- 
ing the pieeen when two or more are required for 
one head; boring for dowel pins; cutting out the 
heads to a circular form; turning and bevelling. 
That a single machine, and that not on a special 
frame, can be arranged without complication or 
change to orm so many operations a re- 
markable, yet we believe that nothing pod be added 
in the way of detail to much increase the convenience 
or efficiency of the one to be described. 

On one side is arranged a circular saw a, mounted 
in a strong pendulum 4. This saw is arranged 

































Fig. 20. 


for cutting off agen from boards to the length 
required for heads, and is also employed for joint- 
ing the edges when two or more pieces are to form 
one head. The saw being dressed for cross-cutting, 
cuts very smoothly when acting el to the 
grain. hen jointing is to be done the lumber 
is laid across the table and its edges cut true by 
bringing the saw forward. In this operation a 
number of pieces can be jointed at one time as 
shown in Fig. 26. 

The operation of dowelling is to hold the pieces 
together, when several are required in one head, 
during the process of cutting out and turning or 
bevelling. e machine for boring shown at ¢ con- 
sists merely of two spindles having a lateral adjust- 
ment to s the distance between the holes bored, 
and a table to ~ a and guide the lumber which 
is moved by hand. 

The third machine on the present frame is a lathe 
for cutting out and finishing heads, and includes some 
very ingenious details. The blank is clamped between 
two face plates as shown in the plan, Fig. 27, 
and is revolved at a high speed by the pulleys x. 








The operation of cutting out is performed by 4 

saw which is a section of a cylinder 3 in. to 4 in. 

long, as shown at ¢. This saw is moved forward by 

the lever o, Fig. 27, and cuts through the blank 4, 

is indicated by the dotted lines in Fig. 26. Being of 
e 


considerable length and containing eight or more 
teeth this saw will operate for a long time without 
sharpening. The adjustment for heads of different 
diameter is secured by means of concentric segments 
as shown at e, the saw being inserted between them 
as required. When the blank / is cut through the 
corners fly off and are stopped by the guard i, 
which prevents danger or accident to an attendant. 
The mode of forming the bevels on each side, at 
the edge of the wn § is very clearly shown at m ; 
two sliding tools operated by hand levers are alter- 
nately drawn forward and turn off the sides toa 
true levd, leaving the extreme edge of a proper 
shape to fit into the chime grooves made ou 4 
machine before described. The construction of 
what may be called the lathe part of this machine 
involves some novelty. - ; 
The driving spindle is compound, one spindle 
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within another, the face plate on the driving side is 
attached to the inner spindle, while the driving 
power is applied to the outer or shell spindle. 

This outer spindle has a smaller face plate z, and 
between this and the larger one which clamps the 
head or blank, is interposed a ring of leather. 
When a piece is clamped in the lathe the two face 
plates are at the same time pressed together, and 
the blank is driven by means of the friction on the 
leather collar. The object of this is that the machine 
may stop suddenly if any obstruction occurs from 
the flying pieces, and also that pieces can be put 
rt or removed without shifting the driving belt each 

e. 

Another feature of the lathe is a retarding device 
to cause the machine to stop when a piece is re- 
moved, or when the pressure is removed . backing 
off the tailscrewy. In Fig. 26, g is a disc or friction 
plate of iron attached to the rear end of the interior 
spindle; when pressure is removed from the other 
end, a spring f forces the spindle forward and 
causes this plate y to bear upon a wood pin seen in 
the plan at ‘¢, and thus sets up a frictional resis- 
tance to stop rotation and save time in remov- 
ing or inserting pieces, 

his concludes the machines to be described. 
Others for planing staves and heads, and also for 
the manufacture of wood and iron hoops, are fur- 
nished when required, but with one or two excep- 
tions they do not possess novelty enough to demand 
descriptive notice, The present is, we believe, the 
first attempt to introduce the manufacture of ma- 





chines of this kind into Europe; we mean for bar- : 


7 oy kegs, 
the result will no doubt the expense of th 
scheme, which has been eunidienbie. f 

The system of uniform frames, and the inter- 
change of the working details so as to permit 


and the lighter class of cooper ware ; but | § 








combinations to suit the varied character of this 
kind of work, is a feature of considerable advantage, 
and one which might, no doubt, be extended to 
other kinds of plant where different processes are 
to be provided for. 

We may note also another matter, not before 
mentioned, that all the machines are arranged to 
be driven from one overhead shaft, In this way 











NOTES ON TORPEDOES.—No. IX. 
Tue TELESCOPIC OBSERVING AND Firing Arc, 
Tue system of firing by observation from the 
shore, which has been so tenaciously held by the 
Government officials of this country, possesses many 
obvious advantages over the method more generally 
adopted, of trusting to the contact of an hostile 


vessel as the sole explosive agency, 





they can be set in a row, room being left between 
them for passages and for handling material. Each 
machine, as may have been noticed, is provided 
with a loose pulley for stopping. 





Tue Inp1an Postat Service.—The tollowing consiogse 

have been fitted up by the Railway Company for the 

eel a an ta ceded anti ieee oad 
i oe as an over! 80) age an . 
; six -class with a sorting com 

ee I 15 ft. long, or three-fourths of the entire =, 


carriage ; 

ve second-c carriages with a compartment 13 ft. long, 
or thirteen-twentieths of the entire iage ; five phew 
i with a com ent fi with bunkers 


class carriages 

10 ft. long, or one-half of the entire carriage ; and six 

ow ey i with a compartment without bunkers 
s » OF 


one-half of the entire carriage, 











— 
aw) 
. 


It is true, the late lo against the Oberon 
have proved beyond all controversy, that in order 
to insure the destruction of a vessel of the Hercules 
type, it should be directly over the mine, or nearly 
so, when the explosion takes place. But these re- 
sults, although they have limited the use of the 
system as a means of attack, have inno way 
its importance as a firing agent to be reserved for 
cases of racy ee which are almost certain to 
occur during hostilities, It being clear, from the 
distance which the mines are necessarily moored 
—— in order that the explosion of one may not 
ect its neighbours, that the firing of “‘ even one”’ 
of the charges constituting a line of obstruction 
would occasion a breach of considerable extent, 
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through which an hostile vessel might with 
very small chance of coming in contact with any of 
the self-acting circuit-closers moored in connexion 
with the mines, although it- would in all probability 

near enough to be within striking Rista nee of 
the explosive force of one of the charges, perhaps 
not in sufficient propinquity to insure its absolute 
destruction, but still near enough to disable it for 
active service. 

With a view to rendering an arrangement for 
firing from shore at the will of the operator as 
simple and efficient as possible, a telescope with 
cross wires has been mounted in connexion with a 
series of contact points, and with a graduated are 
and vernier, as shown on 549. It consists of a 
cast-iron frame A, with 3 feet B, B, B, provided with 
levelling screws. A circular level C is attached to this 
frame, which indicates with sufficient accuracy 
when itis level, D is a telescope, provided with one 
horizontal and three vertical cross wires, supported 

on y' s', so as to admit of a vertical motion, and at- 
tached to an upright E. The ee may be raised 
and lowered by means of a milled-headed screw F, 
working in a rack and pinion arrangement. The top 
of the telescope is provided with sights in a vertical 
plane passing through the axis of the instrument ; 
the telescope is rigidly connected to a vernier G, 
traversing over a graduated arc H; the telescope 
and vernier may be moved rapidly and synchronously 
in either direction by means of a rack and pinion 
arrangement I, a clamp H being provided to hold 
the telescope and vernier in a stationary ition 
when required; the outer rim of the frame is made 
smooth, and on it sights L, L, L shown on a large 
scale in Fig. 31, are attached, to give the direction of 
the several mines in connexion with the instrument. 
The sights are each provided with a brass point 
(V form) M, and a binding screw N, in metallic 
connexion with éach other, but insulated carefully 
from the remainder of the metal of the sight by 
means of an ebonite block «, A brass tube O, rigidly 
connected to and moving with the upright carrying 
the telescope D, projects in front of this latter. A 
brass spring P, secured to the lower portion of the 
outer extremity of this tube, is so arranged as to 
make contact with the V and contact points M on the 
sights, by means of a projection of a corresponding 
shape fitted below it. Metallic connexion is es- 
tablished between this projection and a binding 
screw R on the upright carrying the telescope, by 
means of an insulated wire, the projection and 
binding screw being themselves carefully insulated 
from the adjoining metal of the instrument. 

Fig 31] shows an enlarged view of the formof sight; 
in addition to the V projection M, and binding screw 
N, it is fitted with a capstan-headed screw S, for at- 
taching it to the outer rim of the frame, and a thin 
wire upright T, for giving the alignment of the mine; 
a disc also is attached, on which the number of the 
mine should be placed, after the latter has been put 
in position and its directions taken, 

The telescope attached to this apparatus must 
always be used during the operation of putting the 
mines into position, in order that their bearings may 
be very accurately taken, and registered by means of 
the vernier and graduated arc, 

When the distance to the mines is within a mile, 
a sight piece has been provided, to take the place of 
the telescope, for following the motions of the 
vessel. The details of this _ piece are shown in 
Fig. 38; it consists simply of a small hole in the 





centre of a metal ye through which the eye may 
be directed along the alignment given by the pins of 
the front sight, and so on towards the position of 
the mines, It is fitted with projections of trunnion 
form, similar to those of the telescope, to carry it 
in proper position of the Ys of the instrument. 
When the distance to the mines is more than a mile, 
the telescope itself should be used for following the 
direction of the sbip, the cross wires giving the 
necessary information as to her position relative to 
the mine. Some persons prefer to use the telescope 





for all distances ; this is quite a matter of taste, and 
each may be left to follow his own fancy in this par- 


ticular. 

A single fixed telescope, with its axis directed very 
accurately to the line of mines, would be required 
for each row in the system. At the converging 
station this would be used in connexion with a single 
key ; one terminal of the key would be put to earth, 
while the other would be attached to the insulated 
core connecting the two stations. At the firing 
station each row of mines must be provided with a 
telescopic firing arc of the form shown in the illus- 
tration ; the core connecting the converging station 
would be connected to one terminal of a firing 
battery, while the other would be connected to one 
terminal of a firing key, the other terminal of which 
would be connected with the binding screw R, 
Fig. 29, and the electric cables connecting each mine 
would radiate from the front contacts, being attached 
to these by means of the binding screw N. The 
action of the apparatus is ag understood: should 
an hostile vessel arrive upon the line of mines, as 
seen from the converging station, the observer at 
that station would immediately press down his key, 
when her bow touched the line, and keep it down 
until her stern had passed, thus connecting one pole 
of the firing battery to earth. The observer at the 
firing station would look along his sights, turning 
the winch I, until the arm O rested on the parti- 
cular sight of the mine, nearest to the line which 
the vessel was approaching, and as soon as she 
arrived on, or sufficiently near the line, as indicated 
by his sights, he would put down his firing key and 
keep it down as long as she remained within striking 
distance of that particular mine as seen from his 
station. [t is obvious that the battery circuit would 
only be closed and the mine exploded when the keys 
of both stations were down simultaneously, and this 
could only occur when the vessel was within range 
of the mines as seen from the converging station, 
and on the line, as seen from the firing station ; she 
would thus necessarily be within range of the mine 
fired. 

The method of firing by observation, or as it is 
sometimes called intersection, may be employed in 
connexion with the shutter signalling apparatus ; the 
priociple on which this is done is simply to connect 
the firing are and the corresponding fixed telescope 
in such a way as to close the circuit of the signalling 
battery attached to the shutter apparatus through 
any particular coil corresponding to the mine to 
fired. To arrange it, in fact, so as to perform the 
work ordinarily done by the self-acting circuit- 
closer, under these circumstances the shutter would 
be dropped, the firing battery thrown into circuit, 
and the mine fired. 





THE EXHIBITION OF SCIENTIFIC 
APPARATUS. 
EDUCATIONAL COLLECTIONS. 

Under the heading of ‘‘ Educational Appliances ” 
there is exhibited a quantity of apparatus intended 
chiefly for use in the teaching of science in schools. 
Nothing that is strikingly new seems to be shown 
here; but the exhibits possess no small practical 
interest to those personally engaged in educational 
work. The largest exhibitors appear to be Messrs. 
J. T. Griffin and Sons, whose cases cover one whole 
side of a large room. Their apparatus is almost 
entirely physical, each of the principal branches of 
physics — mechanics, sound, light, heat, &c.—havin 
a case to itself. Among other English exhibitors 
are Matthew Jackson, Aug. Bel and Co., &c. As 
was to be expected, the German exhibitors in this 
section are pretty numerous. Among the many 
objects shown by Rohrbeck, Luhme and Co., of 
Berlin, we may mention especially, as having some 
engineering interest, useful wooden sectional models 
of various furnaces, including blast furnaces, gas 
furnaces, puddling furnaces, &c., and also models of 
machines used in connexion with metallurgical pro- 
cesses, a we mill, ore stamp, &c. E. Leybold’s 
successors (Cologne), Warmbrum Quilitz and Co. 
Snr ge F. Heller (Nuremberg), and others also 
send objects worthy of notice; their exhibits in 
several instances being arranged in cabinets speciall 
adapted to the wants of elementary schools where 
science is taught. Some of the wall di shewn 
here are of a more advanced kind than those with 
which we are most familiar. The Royal Polytechnic 
School at Aachen, for instance, sends very well 
drawn sectional diagrams of a gas and of an air 
engine, diagrams showing the steam distribution in 
@ compound engine, &c.; Professor Tenny (of 





Vienna) sends some very capital drawings of testing 
machines and apparatus for measuring strain (exten- 
sion, compression, torsion, or bending) ; and there 
are also di of wood-worki i and 
of furnaces of various kinds. e ‘ Educational 
Appliances” have overflowed the room allotted to 
them, and into the South Court, where is placed the 
immense collection sent by the Russian Pedagogic 
Museum, St. Petersburg. This museum was at one 
time exclusively connected with the Ministry of 
War, but since 1871 it has been united with the 
General Museum of ‘Practical Science” in St, 
Petersburg, and its usefulness has, we understand, 
greatly increased. The collection of educational 
appliances which it sends is certainly no small one. 
It is not confined to | achcwes science, but contains 
models illustrating physiology, ethnology, natural 
history, botany, geography, astronomy, arithmetic, 
&c. The collection has been lent chiefly by the 
museum, but partly by the makers of the various 
pieces of apparatus, It is well worth the examina- 
tion of any one interested in the elementary teaching 
of science. 
APPLIED MECHANICS, 

Most of the Engineering exhibits which possess 
historical interest (which have been already described 
in our columns)* are to be found in this section. To 
those already mentioned we may add the names of 
a few others which have arrived, or at least become 
visible, since the description just mentioned was 
written. A Blenkinsop rail and two chairs form an 
interesting memorial of early railway history. As 
many of our readers know, thisisacast-iron rail about 
3 ft. long, the characteristic of which is the row of 
arch-shaped teeth cast along its inner face. Among 
the relics of Watt is now placed the model of a 
ene in repairing which for the University 
of Glasgow (1765) the idea of the — condenser 
suggested itself to him. A small lathe, which 
belonged to Watt, is also shown. We omitted to 
mention formerly the first Appold pump (about 1835) 
which is one of the interesting objects sent by the 
Council of King’s College. 

The modern exhibits in this section cannot com- 
pare in interest with the ancient ones, and some of 
them seem to have been admitted to the ‘collection 
rather by the good nature of the Committee than by 
any claim of their own to possess interest as scientific 
instruments. It is perhaps difficult to draw the line 
sharply between objects of commercial and those of 
scientific interest—for every machine must have the 
latter in some degree— but it must be stretched very 
much, indeed, to include the everlasting donkey 
pumps and blowers which have found their way 
somehow or other into the collection. — 

Beside the old locomotives stand two machines 
which will no doubt be examined with interest by 
those engineers who have not had previous opportu- 
nities of seeing them ; they are two of the dynamome- 
ters made by Messrs. Eastons and Anderson for the 
Royal Agricultural Society of England, and of 
which we have frequently had to in our 
columns, The one is an Appold brake, intended to 
take up 100 horse power, and was made for use 
during the trials of steam ploughing and traction 
engines at Wolverhampton, in 1871. The second 
(illustrated by us on page 22 of our eighteenth 
volume) is the traction dynamometer first used 
at Bedford (1874), for measuring the draught of 
carts, wagons, and agricultural implements. It is 
harnessed just like a horse to the vehicle whose 
draught is to be measured, and is itself drawn by two 


8 | or three horses. Besides registering the total work 


done, it notes the maximum, minimum, and mean 
draught, the pressure on the horse’s back, and the 
side a also in cases where it exists. 

Behind the large brake hangs a detail drawing 
(sent from Germany) of a valve-gear model, such 
as is often used in drawing offices.- Engineers who 
are in the habit of using these models will do well 
to look at this drawing, which shows some neat con- 
structive “dodges,” especially in the way in which 
the radius of the link can be varied. Our own 
experience has, however, led us to the conclusion 
that models of this sort cannot compare in correct- 
ness and cannot exceed in quickness the work of a 
good draughtsman on paper, while with the latter 


Y | there is the great additional advantage that a 


r- 
manent record is obtained of the arrangement of the 


gear. 

Messrs. Siemens Brothers exhibit their arrange- 
ment for sending and receiving m carriers in 
pneumatic despatch tubes, worked on the circuit 
system ; and besides this stands M. C. Bontemps’ 


* See ENGINEERING, pa  %5 of the present volume. 
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al tus for finding the point of stoppage in case 
By & sticking fast in the tube. He does this by 
measuring the time of propagation of anair wave toand 
from the obstruction, using a manometer and chrono. 
meter for the purpose. Messrs. Graham and Co. 
exhibit Lovell’s apparatus for recording train oscil- 
lations, intended to show how far these are due to 
defective springs and how far to badly laid rails, 

There are several collections of educational models 
exhibited in this section which are well worth inspec- 
tion. The principal exhibitors of these are Messrs. 
Bock and Handrick (Dresden), Schréder (Darm- 
stadt), and the Royal Geological Institute and 
Mining Academy of Berlin (Director, Professor 
Hauchecorne), These models are principally of 
machine details, and are intended for use in college 
classes. They are extremely beautifully made ; it 
is only to be regretted that so few institutions in 
England are rich enough to afford to’purchase such 
educational luxuries as these, and still more as the 
kinematic models which were described in our 
columns a few weeks since. The wooden models of 
our own School of Mines (most of them apparently 
those of the late Professor Willis), whieh are exhibited 
in cases along one side of the room, look very rough 
and unfinished beside them, 

Mr. Froude has sent some models and photo- 
graphs illustrating his experiments on the resistance 
of vessels. These have already been mentioned 
and described in our columns, so that we need not 
say more of them here than that they will be exa- 
mined with interest by all engineers as well as by 
many others. 

For the benefit of any young railway engineers 
who do not as yet know what ‘ outside valve gear” 
is, we may mention specially a beautifully made sec- 
tional model of a locomotive which has been lent by 
the Technological Institute of St. Petersburg. The 
engine represented by the model was constructed at 
the works of the Moscow-Brest Railway Company 
in Moscow, and has inside frames, outside cylinders, 
and outside valye-gear. An ifigenious feature in this 
model is thatthe driving gear is so arranged that 
moving the reversing lever modifies the speed at 
which the model is driven or reverses the direction 
of motion. 

Those who are interested in ornamental turning 
will be pleased with the objects sent by Mr. Tyssen 
Ambhurst. These consist of a circular rest and spheric 
chuck arranged by himself, and some specimens of 
the work done with their aid. One of these speci- 
mens is a set of those mysterious-looking ‘‘ Chinese” 
spheres, one within the other, with which we are 
tolerably familiar: The largest is about 3 in. 
diameter, and within it are seven or eight others, 
each about 1-16th in. thick, the whole being turned 
out of a block of ivory. 

The walls of the rooms in which the exhibits of 
the Applied Mechanics Section are placed are covered 
with diagrams, mostly educational. Some have been 
made under the direction of Mr. Anderson (of Wool- 
wich), others (illustrating steam engine construction 
and steam distribution) by Professor Shelley, of 
King’s College ; a large collection—some well ex- 
ecuted.and some, it must be confessed; the reverse 
has been sent by the School of Mines; and Mr. 
Bramwell has lent @ few wall diagramsof special forms 
of locomotives and traction engines, 
photographs, with a model, of the hydraulic lift at 
Anderton (Cheshire), designed by Mr, Edwin Clark 
-and Mr, 8. Duer, have been lent by the latter gen- 
tleman. This lift was opened a year ago; it is used 
for transferring ‘barges between the Trent and 
Mersey Canal and the River Weaver, the latter 
being over 50 ft. below the former. The work is 
One possessing considerable engineering interest. 

Two of Bates’ machines (patented in 1823) for 
producing drawings or etchings in relief from models, 
coins, medals, &e.—the one lent by Mr. Bennet 
Wooderoft, the other by Mr, G. i Makins, will 
ren Apel Perr those who have not: had 

pportunities of seeing them. The principle 
3" both is that the tracing point moves in a straight 

80 long as the surface to be copied is flat, but is 
caused to deviate from the straight by any rise in 
wapmestede of the model : the deviation or curvature 
a lines being great in proportion to the rise or 

tie, erred me! B a copy. The well-known 
effect « inthe drawings or engravings i 
daved by this simple means, ee ed 
__ We cannot do more than name a few other objects 
in this section which may be of interest to some of 
our readers, although they must be familiar enough 
tomany. Mr. He Holt, of Leeds, sends a modal 
of Dawes’ compoun engine (which we do not ad- 


Drawings and. 


mire), of Dawes’ balanced slide valve, of his own 
cylinder drain valves, &c. Mr. Jeremiah Head 
sends some models—one showing the comparative 
action of several forms of governor, another of his 
method of reversing rolling mills (the shafts are 
driven through stiff springs, which are intended to 
take up the shock of the crabs), &c., and a drawing 
of his ‘* patent prime-mover.” Without venturin 
into the discussion of the merits of the latter, whic 
has lately been carried on in our columns, we must 
gently protest against the name chosen for it. Nine 
hundred and ninety-nine steam engi &# thousand 
are ‘‘ prime-movers,” while not a few prime-movers 
are not steam engines; there seems no reason at all 
why Mr, Head should not have reétainedthe more 
explicit, if somewhat less high-soursings game of 
‘¢steam engine” for his machine. Me yvelin 
and Porter exhibit a model of their agricult 
locomotive ; Messrs. Hayward Tyler and Co., 
several models and drawings, mostly of the ** Uni- 
versal” pump; and Messrs. Bailey their engine-house 
recorder, &c., &c. ; 

Mr. W. J. Millar has sent spegimens of the cast- 
iron.bars referred to in his retent paper* on the 
form and position of fractures in cross-broken bars. 
Messrs. Menzies and Blagburn send imens of 
M‘Kay’s equilibrium drilling tools, Siredty described 
by us,f and examples of the work— which seem 
really very beautiful—done by them;; “Mr. Mac- 
lauchlan, the curator of the Dundee Free Library and 
Museum, has sent Mackie’s first type-composing and 
type-distributing machines. Messrs. Dewrance ex- 
hibit a number of asbestos packed cocks (Mallinson’s 
patent), on a plan which. we lately described. ‘The 
plug bears solely on asbestos rings; it is in most 
cases made of cast iron, in some instances nickel- 
plated. We should not omit to mention the model 
of the sorting vans of a mail train, with the arrange- 
ments for picking up the bags, &c., which seems very 
ce oape nor (in a very different department) the 

arge clock, with separate suspended glass dial, sent 
by Messrs, Gillett and Bland, of Croydon, 

Very far from the rooms devoted to Applied 
Mechanics there is an exhibit which will be inte- 
resting to engineers. It is a railway car fitted with 
a traction dynamometer, used for experimental pur- 
poses by the Eastern Railway of France. It stands 
beside Room F, from which it can be entered. This 
carriage was illustrated by us on pages 302 and 303 
of our sixth volume; whilst on pages 340, 375, 385 
and 413 of our fourth volume we gave an account of 
a number of valuable experiments made with it by 
MM. Vuillemin, Guébhard and Dieudonné, 








LIGHTNING IN WALES,” ©! | 

Durine the month of May thére was~ somé’ sévere 
lightning in Wales. In one case the gutta percha Of the 
“leading in” wires at Aberkenfig was melted, the gas ig- 
nited, and a portion of the station burnt. In an adjoining 
field the same storm killed a horse, a cow, and some thirty 
turkeys. At Llanilar the chimney of a farm house was 
struck, and split nearly in two. The force then divided, 
one portion taking its course down the chimney, the other 
over the roof and down an iron pipe employed to carry off 
the rain-water. Following the course of the latter from the 
chimney to the eaves of the roof, a track some 4 ft. in width 
was cleared of the slates composing the roof. On passing a 
joint in the rain- water pipe the cast iron was melted in two 
places. At that end of the pipe which was buried in the 
soil, the ground was torn up for about three yards, where a 
dry well intervened, and which would seem to have produced 
a further division of the force, one portion passing into the 
yard, tearing up the soil for another five yards ;,,the other 
taking the course of a wire fence for some 15.yards, down 
the corner post of which it passed to the earth, which it 
here, as in other instances, displaced. 

The portion which passed down the chimney tore. off a 
wooden mantelpiece, which it broke into three pieces, hurl- 
ing a portion with such force across the room in the direc- 
tion of the door, that it became as firmly nailed to the floor 
by the nails which it carried with it, and by which it had 
been originally fixed, as if a hammer had been used to do 
so, Here again the charge would seem to have taken two 
courses, one portion passing to the left, shattering the stones 
in its way ; the other taking the wall to the right, which it 
passed through to a room having a damp floor, disturbing 
the flag flooring, and through another stone wall into the 
farmyard, where all trace of it happily ceased. 

In most of the upper rooms of the house the plaster was 
in places torn from the ceilings. The family were at the 
time seated in the kitchen around the fire, and escaped un- 
injured. The room in which the mantelpiece was displaced 
had not been used for a long time, and was probably in a 
damper condition than the other portion of the house. The 
only metallic conductor about the house was that afforded 








* See ExainzeR1nG, p. 373 of the present volume. 
+ See ExcinzeninG, p. 488, vol. xix. 


by the rain-water pipe—a very imperfect one, as will be 
seen from the fact that the resistance at the point was such 
as tocause the metal to be fused. The soil, which is red 
and a little sandy, presents no appearance of fusion where 
the charge apparently became lost in it. 

The portion of the roof from which the slates were 
stripped is towards the front of the house, and some fifty 
yards distant from this point is a spring of water. For more 
than the first half of this distance, bits of the slate torn 
from the roof were strewn in almost a direct line between 
the-damaged roof and the spring of water; whilst the 
farmer states he picked up bits of glass close to the spring, 
which he is of opinion must have been carried there from 
two panes of glass which had been forced out of the upper 
room window. The house stands on a hill, but some half- 
mile from it is one of a much greater height. ? 

It is certain that had this house been provided with an 
efficient lightning protector, it would have escaped the 
damage here narrated. As it is, it stands as one more in- 
stance of the general need of lightning protectors for all 
buildings oceupying a more elevated position than other 
objects within their immediate neighbourhood. It is not 
the first railway station, nor the first farm-house, which has 
been set on fire by lightning; yet if an examination were 
made, it would be found that not one public building out of 
a thousand is provided with so cheap and simple a protec- 
tion, whilst as regards private residences, its want is still 
more felt. Lightning ‘protectors should form one of the 
items in every specitication for new buildings, 


BEMENT’S DRILLING MACHINES, 

In a recent number (vide page 505 of our issue of the 
week before last), we published an engraving of a car- 
wheel boring machine, constructed by Messrs. W. B. Bement 
and Son, of the Industrial Works, Philadelphia, and we — 
now illustrate on page 552 two drilling machines made by 
the same firm. The first of these represented by the left- 
hand figure is a drilling machine %, which presents several 
specialities of detail. The drill is made to revolve by means 
of bevel gearing on the head of the spindle, and on the pulley 
shaft which passes through the frame of the machine, The 
spindle can be driven either direct through the pulleys or 
through the gearing marked a, which can be put into gear 
by throwing over the lever 6. A strap from the pulley 
d passes over e, and drives the feed motion, which consists 
of a bevel pinion, driving a wheel on the vertical spindle ~ 
carrying a worm at its upper end. This spindle is sup- 
ported by two bearings g and h, which are free to move 
slightly in guides, and by turning the spindle ¢ sufficient 
motion is given to the spindle 7, to throw the worm at the 
upper end free of the wormwheel. The spindle may 
then be thrown up or down by means of the lever &, a 
series of levers and a counterbalance being provided to 
facilitata this operation. It will be seen that on the shaft 
of the wormwheel is a pinion gearing into the rack on the 
upper part of the spindle. By this means the latter is 
raised and lowered, or when desired the drill may be 
actuated by the handwheel/. The upper table may be 
thrown round out of the way when greater space is required 
for the work to be drilled. 

The second machine, illustrated on page 552, is a radial 
drilling machine, the arrangement of which will be clearly 
understood from the engraving. 

The position of the head carrying the drill and attach- 
ment upon the radial arm, is regulated by a screw asshown, 
and the drill holder is driven from the coned pulleys at the 
foot of the pillar, different speeds being obtained by gear- 
ing as in the fixed drill. The pulley shaft carries a bevel 
wheel which gives motion to a vertical shaft in the pillar 
and having a bevel wheel at the upper end. The latter 
gives motion to the horizontal shaft a, and this through 
the system of gearing shown to the drill spindle. A 
strap passing over the coned pulleys b and c feeds the 
drill down through the bevel gearing d and the worm and 
wormwheel e and f. As in the fixed drill the worm e may 
be thrown out of contact with the wheel by turning the 
spindle g, and the drill holder may be thrown up and down 
by the lever h. As shown in the engraving the drill is pro- 
vided with a small table carried by an arm from the main 
standard, and capable of being raised or lowered by a screw, 
as shown, while a larger fixed table for heavy work forms 
part of the base-plate on which the standard is fixed.- The 
drill, it will be noticed, ¢an swing completely round, the 
turning portion of the former being shaped so as to form 
apparently a continuation of the fixed standard. The whole 
design is exceedingly neat. 5 





AUSTRALIAN Stam SHIPBUILDING.—A steamer 84 ft. 
6 in. long, 15 ft. beam, and 8 ft. deep is now in course of con- 
struction at the South Australian Government dockyard, 
Port Adelaide. The hull of this steamer is of Huon pine 
planking with American elm-steamed timbers, and her lines 
are extremely fine. She has a great rise in floor, so as to 
afford more complete immersion for her twin screws. The 
counter has a great overhang, and the stem instead of being 
up and down is a kind of ram projection. The steamer is 
to be fitted with engines of 30-horse power, and she is ex- 
pected to attain a high rate of speed. The vessel is intended 
principally for the Glenelg mail service, but at intervals 
she will act asatug. A steam dredge—115 ft. long, 21 ft. 
beam, and 9 ft. deep—is about to be constructed at Port 
Adelaide. The dredge is to be of iron, and will be fitted 
with central buckets, so worked as to discharge silt into 





pontoons siengeit?- The iron for the hull is on the way 
out from England, and a 30-horse power engine is being 
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THE LATE MR. JAMES BAIRD. 

By means of a short paragraph we announced in last 
week's issue the death of Mr. James Baird, of the great firm 
of William Baird and Company, ironmasters, Gartsherrie ; 
but the deceased was so intimately and extensively concerned 
in the development of the Scotch iron trade during the last 
forty or forty-five years, and had latterly become such a 
conspicuous character in Scotch public affairs, that some 
notice of his career may naturally be expected at our hands. 
With the exception of Mr. James Beaumont Neilson, the 
inventor of the hot-blast, no other person in Scotland was 
more closely identified with the improvement and extension 
of the iron trade; and in a commercial point of view, Mr. 
James Baird had no equal in connexion with the Scotch 
iron trade. 

Mr. James Baird was one of a large family—eight sons 
and two daughters—whose father, Alexander Baird, was an 
industrious farmer like his ancestors for several generations. 
"Phe father was the tenant of three farms in the district of 
which Coatbridge has become the centre during the last half 
century, and at first the elder sons aided him in the work on 
the farms. By his enterprise andenergy Mr. Alexander Baird 
became an influential man in the neighbourhood; and 
that the respect tendered by all who knew him was not 
ill-founded, it is only necessary to point to the successful 
undertakings which he inaugurated, and which have since 
grown into one of the largest industrial concerns in the world. 
After greatly extending his holdings as a farmer, he started 
in 1809 to lease coalfields, and so diverted the practical 
education of his children into a groove which has made the 
family of Baird what it is, and has given to Mr. James 
Baird his prominent position in society, The first lease was 
that of the Woodside coalfield, near Dalserf. In 1816 the 
coalfield of Rochsolloch was taken under lease, and the manage- 
ment was put into the hands of the eldest son William, and 
from this beginning is to be traced the subsequent fortune 
of the Baird family. When the subject of this present no- 
tice was twenty years of age—namely, in 1822—he joined 
the firm, and the operations were then extended by the lease 
of the coalfield of Merryston. Very soon they opened new 
collieries on the now celebrated estate of Gartsherrie, and 
the Messrs. Baird were enabled to send their coal to market 
both by canal and by the Glasgow and Garnkirk Railway, 
which was opened for traffic in the year 1830. 

From that year Mr. James Baird, although only the fourth 
brother, became an important member of the firm of 
William Baird and Company. Having become the lessees 
of a valuable deposit of ironstone in the lands of Cairnhill, 
near Gartsherrie, and being thus placed in possession of 
splendid supplies of coal and iron ore, they resolved on com- 
mencing to manufacture iron, ground being cleared for the 
erection of blast furnaces in the year 1828. James Baird 
soon showed himself to be possessed of a considerable amvunt 
of constructive skill and managerial ability, and in conse- 
quence much of the responsibility connected with the erection 
of the furnaces devolved upon him ; indeed, long before the 
iron works had assumed any formidable proportions, he was 
the governing spirit of the concern. On the 4th of May, 
18380, the first of the Gartsherrie furnaces was blown in, 
and in the first year the firm produced 3100 tons from their 
single furnace. In 1832 another furnace was blown, and 
very soon the business of the Messrs. Baird bade fair to 
outstrip in extent and importance every other similar under- 
taking in Scotland. 

Just as the Gartsherrie furnaces Legan to rear their heads 
and form a prominent feature in the landscape, Neilson’s 
hot-blast invention was being practically worked out to a 
successful issue at Calder Iron Works. The Bairds felt dis- 
posed to give the new system of applying the blast a fair 
trial, and they fitted up their No. 1 furnace with the neces- 
sary appliances. But they were not satisfied with the re- 
sults, and they fitted up No. 2 furnace with a modification 
of the apparatus which is said to have been devised by Mr. 
James Baird and to have yielded results very much supe- 
rior, the heat of the blast obtained being raised to 450 deg. 
or 500 deg. as against 300 deg., the highest said to have 
been secured at the time by the patentee. Indeed, Mr. 
Laird is said to have not only almost doubled the produce 
of No. 2 furnace by his improvements, but also to have 
turned out a much higher quality of iron; nay, it is even 
stated that he invented another mode of obtaining the blast, 
by which he raised the temperature to 1000 deg., and in- 
creased the produce of iron from 60 tons a week to 250 tona. 
The works went on and the business prospered, A third 
furnace was added in 1833, and four more in the following 
year, each containing some improvement more or less im- 
portant. Nine years after they commenced ironmaking 
they had eight furnaces erected and in blast. Success led 
to further success, for no sooner were the eight furnaces 
finished than the erection of another eight was determined 
upon, and by the month of November, 1841, there were 16 
furnaces in full blast at Gartsherrie. The firm acquired 
«reat fame, and their iron rose into great request all over 
the world Very much of this success was doubtless due to 
the indomitable energy and practical sagacity displayed by 
Mr. James Baird, coupled with the attention and strict per- 
sonal surveillance which the several members of the firm 
exerted over all the various departments connected with 
their business. 

Whatever may have been the success of the hot-blast 
system in the hands of Mr. James Baird, it is certain that 
Mr, Neilson and the co-proprietors of his patent granted a 
license to Messrs, William baird and Company to use that 





patent on consideration of receiving 1s. per ton manufac- 
tured at their establishment. After a time they refused to 
pay the license duty, and the consequence was that legal 
proceedings were taken against them in the Court of Ses- 
sion, the trial taking place in the year 1843 before the Lord 
President and a jury. The sum of 20,000/. was claimed, 
one-half as “ profits” and one-half as “ other a 
The trial was a long one and was conducted with some bit- 
terness on both sides; but it was eventually decided in fa- 
vour of Neilson and his partaers, the total amount of damages 
allowed being 11,867/. 163. It was admitted by the defen- 
dants that during tea years they had made 260,000/. net 
profit on hot-blast iron, and that in one year the net profit 
amounted to 54,000/. 

But this reverse in the Court of Session over, the validity 
of Neilson’s hot-blast patent, or the alleged infringements 
of it, did not in any way deter Messrs. Baird and Company 
from attempting to make further progress in their already 
great enterprise. Not only had they already the largest 
iron works in Scotland and possibly iu the whole world, but 
they at once threw out their extensions into Ayrshire, and 
under the name of the Eglinton Iron Company they suc- 
cessively started or became possessed of the Blair Iron 
Works, the Eglinton Iron Works, the Lugar and Muirkirk 
Iron Works, and the Portlan 1 Iron Works near Kilmarnock, 
giving with Gartsherrie nearly 40 blast furnaces. Mr. 
James Baird, following the example of his eldest brother 
William, entered the House of Commons for the Falkirk 
Burghs, for which he sat during two Parliaments. During 
recent years he had not given much attention t> the colossal 
business which he had done so much to establish. All his 
brothers had predeceased him, and the business has latterly 
been conducted by the remaining partners, all nephews of 
the deceased—Mr. Alexander Whitelaw, M.P. for Glasgow, 
Mr. David Wallace, and Mr. William Weir, who specially 
takes charge of the Ayrshire branches of the business. The 
mineral fields of the firm are spread through several counties, 
and the works of the firm give employment frequently to 
10,000 persons. 

The enormous wealth amassed by the Bairds, and espe- 
cially by the gentleman just deceased, has long been the 
subject of common talk; and the gift of 500,0002 to estab- 
lish what is known as the “ Baird Trust” in connexion with 
the Church of Scotland, in the year 1873. has made the 
name of James Baird one that will be remembered for many 
generations yet to come. 


THE LATE MR. ROBERT NAPIER, 

We regret to have to record this week the death 
of Mr. Robert Napier, the eminent shipbuilder and 
marine engineer. The sad event cannot be said to have 
been unexpected or out of accordance with the natural 
order of things, for Mr. Napier had certainly attained \\a 
fulness of years far beyond the age which is granted to our 
common humanity, and even much beyond the scriptural 
three-score years and ten. He was born on the 18th of June, 
1791, so that when he died on Friday, the 23rd inst., he had 
just entered his 86th year of his age. Up till about six 
months ago Mr. Napier had been in the enjoyment of good 
health almost continuously, but at that time he met with 
the greatest misfortune of his long life, namely, the loss 
of his wife, the mate of his bosom for the long period of 
three-score years. His grief at that great loss so affected 
him that he lost all interest in his former pursuits. About 
three months ago he became serivusly ill, being alarmingly 
affecte | with hemorrhage into the stomach. He recovered 
from the effects of this attack so far as to be able, on 
several occasions, to go out in a carriage for a few miles; 
but about six weeks ago he had a second attack of the same 
kind, and from this he never recovere1, but grew gradually 
weaker and weaker till he died. Hz» seemed to be sensible 
to the last. 

Haviog inour fourth volume, page 597, when we published 
his portrait, given a sketch of the career of this distinguished 
member of our profes ion, it is not necessary that we should, 
on the present occasion, enter with such fulness of detail into 
the facts of hislife; but many of our readers will doubtless 
expect that such a gréat leader in the art of naval con- 
struction and in mechanical science should not be allowed 
to depart from our shidst, and from the scene of his famous 
and most successful labours, without the occasion of the 
mournful event being taken advantage of to submit a few 
remarks in these pages by way of attempting to estimate 
the influence of his professional career and of his services 
in the advancement of civilisation. 

The son of a blacksmith in the town of Dumbarton, the 
deceased early took to the same trade as his father, with 
whom he served his apprenticeship. Not only was he in a 
sense “born with the hammer in his hand,” but he was all 
his life through very proud of his relationship to Vulcan; 
indeed, as a blacksmith, he was a “tip-top” workman, 
especially in ornamental smithwork, of which he remained 
Proud down to the end of his days. He showed his fixed 
desire to maintain that relationship from a very early period 
of his manhood by becoming a m-mber of the Incorpora- 
tio, of Hammermén of the Trales House of Glasgow, a 
body which has long been notable for embracing in its 
membership all the most eminent workers in iron in the 
city just named, and which very early in his career be- 
came Mr. Napier’s adopted home. At his death he was 
the oldest deacon of the Incorporation, and all due respect 
was paid to his memory and to that fact on the day of 











his fureral, by his successor in the office and a full Master's 


Court attending at Dumbarton to assist at the celebration 
of the last rites in the graveyard {of the parish church 
where the family vault is situated. 

Mr. Napier started in business on his own account in a 
very small way, in Greyfriars’ Wynd, Glasgow, in the 
year 1815, when he was still under twenty-four years of 
age. He devoted himself to smithwork and millwright 
work, and was also most scrupulous in the mode of exe- 
euting the commissions with which he was entrusted. It 
was his fixed determination from the very first to put his 
soul into his work, and that it should be done as thoroughly 
as the hammer and human hands could do it. This determi- 
nation was always evidenced in his work, and its influence 
was a very material element in securing for the shipbuilding 
and engineering of the Clyde that reputation for excel- 
lence which they have long enjoyed in all parts of the 
world. After spending several years in the Greyfriars’ 
Wynd smithy—long a classic spot, but now entirely cleared 
away by the Glasgow City Improvement Scheme—Mr. 
Napier saw that it was necessary ‘‘to lengthen his stakes 
and strengthen his cords” in connexion with his business ; 
and he took larger premises, succeeding in Camlachie 
Foundry his cousin, David Napier, who was one of the 
earliest pioneers in marine engineering. While in his 
first establishment he had dubbed himself “ Engineer and 
Blacksmith” upon his sign at the entrance to the Wynd; 
but it was not till the year 1821 that he made his first 
engine. It was an engine of 12-horse power built for 
Messrs. Davie and Boyack, flax spinners, Dundee, where 
it did good work for many long years. 

When he settled down in his new quarters, Mr. Napier 
had greater scope for putting in force his ideas as to business 
extension. Owing to the success of Henry Bell’s first en- 
deavour in the new art of steam navigation, coupled with 
that of several other steam vessels which rapidly followed 
it from the hands of the local shipbuilders and engineers, 
the Clyde bulked very largely in the public eye, and nume- 
rous orders for such vessels were received by those persons 
who could enter into the spirit which was rapidly taking 
possession of the public mind. David Napier had already 
done yeoman's service in th: new branch of the art of con- 
struction ; and when he got possession of Camlachie Foundry, 
Robert Napier at once resolved on following in his cousins’ 
footsteps. In working out his resolution, he had the rare 
good fortune to secure the services of the late David Elder. 
who became the manager of Mr. Napier’s works in 1821, 
In 1822-23, Mr. Napier began the marine engineering 
business, which has since become developed upon the banks 
of the Clyde as one of the greatest industries of the world. 
Much of the success of the business was doubtless due to 
the mechanical genius of Mr, Elder. The first order for a 
pair of marine engines was for the Glasgow and Dumbarton 
river passenger steamer Leven, which was built by Mr. 
James Lang, of Dumbarton, and launched in 1823. Those 
engines, if we mistake not, did excellent service in three 
steamers in succession, after which they were laid aside and 
preserved as an honourable relic in Mr. Napier's works, 
The reputation of his work soon brought numerous orders 
for marine engines, the building of which eventually became 
his special and exclusive branch of business up till the year 
1843. But during the interim Mr. Napier established an 
imperishable reputation by the quality and extent of the 
work which he executed, both by the engines which he sup- 
plied to vessels sailing between various ports in the United 
Kingdom, and latterly by the part which he played in the 
formation of the Cunard Company, and by the famous ves- 
sels which he supplied to that company in the early years 
of its career. ; 

For many years Mr. Napier contracted to supply vessels 
completed ready for sea, a happy alliance being established 
between himself and such famous naval architects as then 
pursued their career at Port-Glasgow and Greenock; namely, 
John Wood, Charles Wood, Robert Duncan, and Robert 
Steele. That was the case in respect of the Britannia, the Aca- 
dia, the Caledonia, andthe Columbia which formed the nucleus 
of the now famous Cunard fleet, and it was also true of the Hi- 
bernia, the Cambria, the America, the Niagara, the Europa, 
the Canada, the Arabia, &c. In the year 1843, Mr. Napier 
commenced shipbuilding on his own account at Govan, and 
he had already long established his great engineering nearer 
the harbour, first taking possession of the now historically 
famous Vulcan Foundry in Washington-street, where he 
succeeded Mr. Macarthur, a well-known engineer some forty 
years ago, and by-and-bye succeeding his cousin David 
Napier again, at the not less famous Lancefield Engine 
Works. 

Doubtless one of the leading events of Mr. Napier’s career 
is his original and long and intimate connexion with the 
Cunard Company. Some of the finest specimens of his 
workmanship in naval construction were supplied to that 
company, such as the Persia, Scotia, and China. The ulti- 
mate success of the Cunard Company’s enterprise has cer- 
tainly been very largely due to the sound advice which Mr. 
Napier gave to the company during the early stages of its 
history, and to the splendid vessels which he provided, not 
only as the nucleus of the fleet, but also as a means of main- 
taining its most enviable reputation at the high pitch which 
it attained fifteen or twenty years ago. The history of the 
company may be summed up as being embraced in three 
epochs, each of which is an epoch in the history of steam 
navization, and in all of them Mr. Napier played a promi- 
nent part as a caterer for the Cunard Company. The first 





of the three epochs is that of the wooden paddle steamer, 
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which began with the Britannia in 1840, and terminated 
with the Arabia in 1864 ; the second is that of the iron 
paddle steamer, beginning with the Persia in 1856, and end- 
ing with the Scotia in 1862; and the third is that of the 
iron screw steamer, which is now flourishing. 

The first vessel which Mr. Napier built was the Van- 
guard, a paddle steamer of 680 tons, with engines of 320 
horse power, for the Glasgow and Dublin Steam Packet 
Company. She was launched in June, 1843, and since 
then there have been launched from Napier’s shipyard at 
Govan well-nigh 200 vessels of extraordinary variety as to 
size, build, destination, ownership, &c., many of them being 
for mail services, and for great merchant shipping companies 
in almost all parts of the world. One of the earliest 
shipbuilding contracts executed for the British Government 
was the Simoom, the first of the iron screw troopships. She 
was built in 1849, and is still in good condition. The 
Erebus, the first of the armour-clad vessels ordered for the 
British Navy, was built at Govan in 1856; and since then 
no fewer than twelve armour-clads (including the North- 
ampton, now on the stocks) have been built at the same 
works, six of them being for the Dutch, Turkish, and Danish 
navies. Since the year 1836 there have been built at the Vul- 
can Foundry and Lancefield, engines for about 100 Govern- 
ment vessels of various kinds, including vessels for the 
British Government, the East Indian Government, and 
various other foreign governments; indeed, it is difficult to 
estimate the influence exerted by Mr. Napier (aad his firm 
of Robert Napier and Sons) in connexion with the develop- 
ment of the present condition of ocean steam navigation, 
both by vessels of peace and by vessels of war. 

Robert Napier contributed more, perhaps, than any other 
single person to raise the shipbuilding and marine engineer- 
ing interes:s of the Clyde to the proud and pre-eminent 
porition they have enjoyed for many years. He lived a life 
of great activity until within the last dozen years or so, 
when he was much relieved by the younger members of his 
family. For many years he had the responsibilities cf a 
great business on his shoulders, such as were quite sufficient 
to task to the utmost the energies of the strongest man ; but 
he liked work, and to be thorough in it, and the world has 
greatly benefited in consequence. His life was one of great 
earnestness and singleness of purpose, and that wasits value, 
He was a man who toiled conscientiously, and would not 
scamp his work, even though he might have much sooner 
amassed great wealth. ° 

The funeral of the deceased, as already indicated, took 
place in Dumbarton, on Tuesday last. It was of a public 
character, being attended by some hundreds of the workmen 
(many of them old servants) employed by the firm of Robert 
Napier and Sons, and by large numbers of eminent ship- 
builders and engineers from various towns on the Clyde, as 
also by distinguished University professors and well-known 
citizens of Glasgow, Greenock, Dumbarton, &c. Every 
respect due to the distinction of the deceased was paid to his 
memory. 








ARCHITECTS vo. ENGINEERS. 
To THE EDITOR OF ENGINEERING. 

S1r,—Although an architect myself, I should be the last 
to question the justness of your strictures upon the short- 
comings of members of my profession, but I think, Sir, 
upon reflection, you will admit that certain passages in 
your article of last week on ‘‘ Dangerous Tanks,” were 
marked by a flippancy of style and triviality of illustration 
unworthy of the subject treated on, and, may I add, of the 
reputation of your scientific and usually judicially impar- 
tial journal. Do not misunderstand me, Sir. Iam far from 
complaining of your very natural preference for engineers ; 
indeed, I can assure you, that architects are not prejudiced 
in the matter, for although engineering may be to 
them a somewhat dry and unsympathetic study, the 
engineer, on the other hand, often proves a most amusing 
companion and willing butt. To make clear my meaning, 
I need only refer to an article on ‘“‘The Horse-Power of 
Guns” in last week’s issue of your contemporary The 
Engineer. Even poor despised architects will be able to 
appreciate the jokes in this article, since they, in common 
with engineers, editors, and greengrocers’ assistants, when 
in the embryo state, are put through a mild course of 
mechanics. I especially prescribe its perusal to any archi- 
tect who ey! have felt snubbed by your comments of last 
week. The eading of the article is somewhat misleading, 
I must admit, since if the writer’s deductions mean any- 
thing—which Iam far from asserting—they refer to the 
horse-power, not of a gun, but of the force of gravity tak- 
ing effect on a 1400-Ib. shot between the limiting velocities 
of 0 and 1500 ft. per second. 

I confess, Sir, that after making every reasonable allow- 
ance for the extreme heat of the weather last week, the 
proximity of The Engineer’s office to ‘‘Simpson’s,” and 
the seductiveness of the iced punch there commingled, it 
does appear to me that the singular disregard of time and 
consequences evinced in The Engineer’s statement, that 


‘ . . s 
‘the ordinary expression we, takes no account whatever 


2 ” g 
of time,” would lead one to believe that the writer must 
be a disciple of the “‘ We won’t go home till morning ”’ 
lyrical school of philosophy. I had always thought that 
velocity was something compounded of space and time, but 
then I am only an architect, and must haul down my 
— at — to an engineer. 

‘he preceding statement appears to me not bad for 
engineer, but the article improved upon podbean 
I read on until I found the writer confronted by a problem, 
which made him “ cave in”’ at once, with the very hand- 
some apology that “nothing is known—at t by us.’’ 





The problem was this :—A velocity of 1500 ft. per second is 
acquired by a cannon ball in the fiftieth of a second, 
required the average epee se the base of the shot, or 
in other words the uniform erating force taking effect 
upon it? Will it be believed by architects that this ele- 
men’ problem in dynamics was deliberately given up as 
insolvable in a ce | article in The Engineer of | last week ! 
pad a School-Board child would have helped the writer 
out by some such mode of reasoning as this :—‘‘ A velocity of 
1500 ft., in the fiftieth of a second, is equivalent to 75,000 ft. 
in one second ; therefore, as you tell me the force of gravity, 
or in other words a force equal to the weight of the shot, 
would impart a velocity of 32.2 ft. only, it follows that 
the force acting upon the shot must be greater than the 
weight of the latter in the proportion of 75,000 ft. to 32.2 ft., 
that is, say, the ‘‘ average pressure on the base of the shot ”’ 
required by The Engineer must be about 2330 times 
the weight of the shot.”’ All this seems simple enough, but 
he Engineer observing that ‘‘it is impossible to esti- 
mate the horse-power of the gun this way,’ proceeds, as I 
think I have before remarked, to calculate the horse-power 
of the force of gravity upon the shot, which he evidently 
considers to be the same thing !—that is tosay, the “‘ horse- 
power”’ of a given force, acting at a certain velocity, is 
equivalent to the ‘‘ horse-power ” of 2330 times the said 
force acting at the same velocity !—Vive lV’ingénieur ! 

Let us now—to quote once more the words of my 
worthy preceptor The Engineer—“ for the benefit of our 
younger readers stop here for a moment to — how 
this new problem in dynamics is tobesolved. The problem 
may be stated thus: Given a 1400 1b. shot falling freely 
from a state of rest until a velocity of 1500 ft. per second 
is attained, required ‘‘ the work done,’’ expressed in horse 
power. Now since the 1400 lb. shot traverses a mean dis- 
tance of 750ft. per second, whilst 550]b. traversing 1 ft. in the 
same time is what is usually termed a horse-power, I, not 
being an engineer, should have innocently concluded that I 
was here face to face with a problem no less complex and 
embarrassing than that celebrated one in which thie number 
of herrings obtainable for one shilling has to be deduced from 
the scant information that one-and-a-half only can be pur- 
chased for three halfpence. As an “‘ architect’’ I should have 
said to myself—if 550 lb. by 1 ft. in one second is one horse- 
power, how many will 1400 lb. by 750 ft. be? Answer (for the 
benefit of your younger readers) Hex = 1909 horse- 
power. 

I must here: observe that The Engineer makes the 
answer 1892 horse power, but then he does it in a different 
way—he first weighs his herrings and then plays with them 
all down halfa column. I will reproduce the method of 
investigation by which 1400 multiplied by 750 and divided 
by 550 is made equal to 1892 : 

The muzzle velocity of the shot being 1500 ft. per second, 


we are first to find the corresponding height H = » when 
2 9g=64.4, or, “for all ordinary purposes,” 64. By sub- 
stitution then, we get : 

H=10)> X1900— 34,938 ft., 
the height which the shot must fall through to acquire the 
velocity of 1500 ft. per second. We have thus partially 


weighed our herrings and proceed. The average velocity 
being 750 ft. per second, it follows that the duration of the 


flight will be _ =47 seconds, about. Again, “the 
Wv? 
29 

— 1400x1500 x 1500 _ 48 913.900 foot- pounds. “If we 


64.4 
divide this by 47, and multiply the quotient by 60, we find 
that the foot-pounds per minute amount to 62,442,360,” 


energy stored up in the projectile’’ is by the formula 





62,442,360 _ 1g99 
33,000 
Speaking, Sir, on behalf of my brother architects, ‘I 
want to know, you know,” where that 1892 comes from— 
indeed, if this is asking too much, I shall be only too grate- 
ful to learn the history of that final2. Should the 1892 be 
1909 or 2330 times 1909? If the ‘‘ horse power’ of a gun 
has no relation to the time the gun takes to perform 
a certain number of units of work, to whom, when, why, 
and where, might, could, would, or should it have any 
relation? Why is the rapidity of firing of an eighty-ton 
gun dependent upon the force of ef ?P—is that the 
explanation of the mysterious 1892 horse-power. I eed 
for a reply ; and having sufficiently avenged my brethren 
for your onslaught of last week, I spare engineers the 
humiliation of referring further to the sad stuff which 
passes for science in the columns of one of their acknow- 
ledged organs, and subscribe myself, 
Sir, your obedient servant, 
AN ARCHITECT. 


THE ORIGIN OF MOTION. 
To tHE Epitor oF ENGINEERING. : 
S1r,—Mr. Thomas Inwood Pollard, in his letter published 
in your number of 16th inst., has stated that he wishes for 
the opinion of some of your readers on his theory. Permit 
me to say, that having read all his letters (as also the ar- 
ticles on the Origin of Motion) very carefully, I believe his 
theory to be entirely erroneous, being in direct opposition 
to Newton’s third law of motion, which states that “‘ action 
and reaction are equal and opposite ;” and that, therefore, 
if the pressures of the air or ether against the opposite sur- 
faces of a card or disc, or against those of a molecule, are 
ual, the reactions of those surfaces will be equal also. 
Mr. Pollard seems to have been misled by assuming that if 
the density of the air, for example, at one side of a card is 
greater than that at the other—although the pressures are 
equal—the reaction of the molecules of the card, at the side 


—the horse power required ! 














which is exposed to the greatest density of air, will be 
greater than at the other side, because they impinge against 

@ greater number of air molecules. But I think that if he - 
considers that, although they do impinge against a ter 

number of molecules, still the velocity of these molecules 

being less than at the other side, the reaction of the card 

molecules against the air molecules (which must depend 

upon the velocity with which the latter strike the former, 

as well as upon the number) may be equal on both sides. 

Of course, Mr. Pollard may wish to question the accu- 
racy of Newton’s third law; but then he should have said 
so, and not ignored it indirectly. 

I have also strongly to object to the new method of dis- 
covery, of which Mr. Po! has given us two examples, by 
“imaginary experiment.”” I have hi of discovery by 
observation and by experiment ; but surely to endeavour to 
argue from the supposed results of imaginary iments 
is thoroughly unscientific; and in the case of his second 
imaginary experiment—that of a frictionless piston in the 
centre of a cylinder, one end of which contains air of greater 
density than the other end, although of equal pressure— 
the result which he states would follow, viz., that the piston 
would move to the side of least density, would not follow, 
if Newton’s third law is true. 

While thus totally disagreeing with Mr. Pollard’s own 
theory, I cannot but admire the ability with which he has 
criticised your own articles on the Origin of Motion. I 
think his first objection to your writer’s assertion that a 
rarefied axis will be established between two vibrating 
molecules, is perfectly just ; and it seems to me that the 
whole reasoning in the fifth article on that subject, at page 
206, can just as well be applied to show that a condensed 
axis will be established between two molecules when they 
vibrate away from each other, as that a rarefied axis will be 
established when they vibrate towards each other. In fact, 
I think the whole subject cannot be treated in this way at 
all satisfactorily, but requires mathematical analysis. If 
he is to show that gravitation is caused by ether pressure, 
he must show that a greater pressure exists at the outer 
side of every molecule of which the two attracti i 
are composed, than at the inner, so that the attraction may 
be proportional to the mass. 


Yours truly, 
Cork, June 21, 1876. 


W. H. Suaw. 
To THE EDITOR OF ENGINEERING. 

‘Srr,—As a Swedish subscriber of your paper, I have read 
with a special interest the above-named articles, and wish- 
ing to make myself better acquainted with this theory of 
Joule and Clausius regarding the constitution of us 
matter, which is so often referred to in the said articles, I 
beg to ask you where I can find this theory published in a 
more or less complete manner. If you would honour me 
with an answer, I think it would reach me in the easiest 
manner through your paper. 

I am, Sir, yours eee £ 


|The original paper of Joule relating to the constitution 
of ous matter was —- in the memoirs of the 
Philosophical Society of chester, Noy-, 1861, and was 
reproduced in The Philosophical Magazine (London) for 
Sept., 1857. The papers of Clausius relating to this sub- 
ject may be found in Poggendorf’s Annalen, vol. 100, p. 
353, and also in the same work for the year 1858, No. 1b. 
An English translation of them also appeared in the 
oo — Magazine for August, 1857, and February, 

.—Ep. E. 


“THE STRENGTH OF BOILER FLUES.” 
To Tan Epitor or ENGINEERING. 
Srr,—At page 482, of ENGINEERING, there is a letter 
on ‘‘ The Strength of Boiler Flues,” by Professor Unwin, 
dated June 6th, which contains some remarks, the ap- 
pearance of which can only be accounted fer on the sup- 
position that the writer had not seen my letter, which had 
already appeared in ENGINEERING of June 2nd. 
Yours faithfully, 
Ropert WILson. 


COMPOUND REVCOMOTIVES. 
To THE EDITOR OF ENGINEERING. 
S1r,—In Bg J issue of the 23rd June, I read a 
letter of MM. Jas. Empson and Co., Hamburgh, claim- 
ing to have made compound engines for towing purposes in 


1872. 

What has that to do with compound locomotive engines 
and with the date of my patent for this sort of engine ? 

Would MM. Empson and Co. prohibit any one from 
making compound engines? If so, I am very sorry to 
respectfully inform these gentlemen that a.p. 1832, a cer- 
tain Ernst Wolff had — to him a patent, after which 
inventors of compound engines can only claim for peculiar 
features or details of their engines. 

Iam, on the other hand, very glad to let them know 
that from 1868, i.e. four years before 1872, a French 
engine maker, M. Dubuc, has made steam engines both fixed 
and portable, on a principle exactly similar to that of 
MM. Empson’s engines. 

Is that what MM. Empson would know? If not they 
would have done better to have remained without writing 
about compound | tives. 

Excuse, Sir, the incorrectness of a letter not written in 
my own language, and believe me, 

Yours very truly, 
A. Mauer. 














80 Rue de Larochefoucauld, 
Paris, 26th June, 1876. 





Coa In Sparn.—The Belmez Coliere and Metallurgical 
Company realised last year a profit of 27,5041. This profit 
oaatied the company to declare a dividend for the year at a 
rate of 9 per cent. per annum, 
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DETAILS OF OXLEY CREEK BRIDGE, BRISBANE. 
MESSRS. ROBINSON AND I’ANSON, ENGINEERS, DARLINGTON. 
(For Description see Page 558.) 
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DETAILS OF OXLEY CREEK BRIDGE, BRISBANE. 


MESSRS. ROBINSON AND I'ANSON, ENGINEERS, DARLINGTON. 
(For Description, see Page £58.) 
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OXLEY CREEK BRIDGE, BRISBANE. 


WE give this week, on pages 553,556, and 557, engrav- 
ings of the Oxley Creek Railway Bridge, erected near Bris- 
bane, on the Southern and Western Railway of Queensland, 
from the designs of Messrs. Robinson and I’anson, of Dar- 
lington, and for the Government of Queensland. 

The total length of the bridge between the abutments is 
675 ft., divided into eight spans, one 160 ft., six of 80 ft., 
and one of 40 ft., as shown by the general views, Figs. 1 
and 2 on page 553. 

The piers (see Fig. 1, page 553, and Fig. 20, page 557) 
consist each of two columns, formed of cast-iron cylinders 
8 ft. in diameter from the bottom up to the ordinary 
low-water level, and tapering from that point to a dia- 
meter of 5ft. at the top, finishing with a strong cast- 
iron cap surrounded by an ornamental cornice. Each cy- 
linder was cast in one piece, and when turned and finished 
was split into three segments through vertical flanges, by 
which it was finally bolted together, thus obviating that 
warping of the segments which frequently occurs when they 
are cast separately, and avoiding the necessity of planing 
the vertical joints. The columns are sunk into the bed of 
the river until a firm foundation is reached, and after a 
layer of ashlar has been built across the bottom of the lowest 
cylinder, all above it are lined with brickwork, and then 















































filled with a core of concrete as high as the flood-water level 
At this point is a short cylinder containing cast-iron girders 
which rest on ashlar built on the top of the concrete. Above 
this girder-cylinder the column is hollow to the top. From 
the low-water line to the top, each pair of columns is braced 
together by wrought-ifoni girders and ties, as shown in 
Fig. 20, page 557. Figs. 21, 22, 23, and 24 in the same 
page show details of the piers, while Figs. 26 to 29 show 
the fixed and rolling bearings for the girders. 

The bridge is designed to carry two lines of way of 3 ft. 
6 in. gauge, and the girders are 24 ft. apart centre and 


centre; they are lattice girders 8 ft. 4 in. deep, except the | aq. 


160 ft. span, which is a bowstring girder 20 ft. deep at the 
centre. Every two spans are continuous, and the extre- 
mities rest on steel rollers to provide for expansion. On 
one side of the bridge there is a fuotway 6 ft. wide, carried 
on cantilevers projecting over the river, and fastened to the 
ends of the cross girders of the roadway, as shown in Fig. 5, 
page 553, and Fig. 18, page 557. Provision is made 
on the other side of the bridge for a similar footway, when 
needed, In our engravings, Figs. 3, 4, and 5, on page 553, 
are general views of the 160 ft. span, and Figs. 6 to 9, on 
page 556, are corresponding details. Figs, 10, 11, and 12, 
on the last-mentioned page, are views of one of the 80 ft. 
span, while details of these spans are shown by Fig. 13, 
page 558, and Figs. 14, 15, and 16, page 557. The 40 ft. 
span is shown in half elevation and plan by Fig. 17, on 
pose 556, while other views and details are shown by 

igs. 18 and 19, page 557. 

The 160 ft. span was completely rivetted gp and tested 
in the makers’ yard, beforej being shipped, with a load of 
878 tons distributed, the deflection being 1}} in. and the 
permanent set ,% in. One of the 80 ft. spans was also tested, 
the distributed ioad being 175 tons and the deflection }in., 
and no permanent set. The camber allowed in the 160 ft. 
span was 4in., and in the 80 ft. span 1} in. 

Tons. qr. Ib. 

The total weight of the 
2 
0 


26 
0 
26 





as a total weight of ee 
The cost is estimated at 85,0002. 
The piers are being sunk by meams of pneumatic appa- 
ratus of the most improved type, sent out from England for 
the purpose. Mr, H. C. Stanley and Mr. Thorneloe Smith, 
C.E., are chief engineers of the Southern and Western Rail. 
way, on which this bridge is situate, and Mr. J. R. Jones, 


of Brisbane, is the contractor for the erection of the bridge. 
The contractors for the cast-iron work were Sir W. Arm- 
strong and Co., Newcastle-on-Tyne ; and for the wrought- 
iron, Messrs. Andrew Handyside and Co., Derby. 








THE PHILADELPHIA EXHIBITION, 
Roor, &c., or Mauw Exurerrion Burtpine. 
Wirna our number of the 16th inst., we published a two- 
page engraving showing details of the roof, &c., of the Main 
Exhibition Building at Philadelphia, and this weck we pub- 








Fig 45. 





















































lish another such plate, which will complete our illustra- 
tion of these details. As we remarked when publishing 
the former views, the detail engravings we now give are 
self-explanatory, and all we need do, therefore, is to refer 
our readers to the general description of the Main Exhibition 
Building which appeared on pages 156, 396, and 480 of 
our twentieth volume. 





NOTES FROM THE SOUTH-WEST. 

South Wales Coal.—Notwithstanding that the returns 
of the week show an increase in the quantity of coal shipped 
at one of the principal South Welsh ports over the exports 
of the previous week, the depression consequent upon the 
scarcity of orders coming in and the exceedingly low prices 
obtainable, casts a gloomier aspect on affairs has 
hitherto been perceptible. Rumours have been prevalent for 
some time that small collieries have been kept working at 
a considerable loss to the proprietors, and it is well known 
that many of the larger pits suffer in a still greater degree. 


Cardiff Dock Eztension.— Lord Bute’s answer to a 
memorial of the Cardiff Chamber of Commerce on the 
question of dock extension, was read at the last monthly 
meeting of the Chamber. His lordship, in his communica- 
tion, said the subject of the memorial should command his 
best attention, and he would confer thereon with the trus- 
tees. Several members expressed their satisfaction with the 
reply, and it was suggested that the matter should be al- 
lowed to stand over for a few weeks, pending the receipt of 
another letter from the noble marquis. In case no letter 
was received, it was thought that a deputation ought to be 
appointed to wait upon Lord Bute, and urge him to carry 
out = proposed extension scheme. This course was 
opted. 

Cornwall Minerals Railway.—This line has now been 
fully opened for passengers as well as minerals. Two years 
since, the line and its branches, from Fowey to Newquay, 
were so far finished that they were opened for the carriage 
of minerals. Between Fowey and 
are a tunnel nearly a mile in length, and an embankment 
along the shores of: Par Bay. Some of the prettiest scenery 
in Cornwall, and on the line, lies in the Luxulyan valley, 
up which the track p , among woods, granite 
quarries, under the famous Treffry viaduct, through a 
cutting and tunnel of the hardest granite, to Bridges, the 
station for Luxulyan, which is 600 ft. above the level of 
the line at Par. Here the prospect opens, and the china 
clay district is entered, the next station, Bugle, being in its 
very heart. 


NOTES FROM THE NORTH. 

Guascow, Wednesday. 
Glasgow Pig Iron Market.—The warrant market was 
steady on Thursday forenoon, with a small business done at 
57s. 7d. cash—closing buyers over, sellers 57s. 7}d. No 
business was repo: in the afternoon. Prices were an- 
altered, and the market was quiet. It was announced 
during the day that Messrs. Merry and Cunninghame had 
reduced the price of No. 1 Carnbroe 1s. per ton, and No. 3 
Carnbroe and eee 6d. per ton. The market was 
quiet and steady on Friday forenoon, and a fair amount of 
business was done in warrants at 57s. 6djd. and 57s. 6d. 
cash, and one month paid—closing buyers 57s. 6d. cash, 
sellers 57s. 7d. Out of respect for the memory of the late 
Mr. James Baird, whose funeral took place on Friday, the 
pig iron market was closed in the afternoon. More firm- 
ness was di forenoon, and a good business 

was done in warrants at 57s. 6d. to 57s. 8d. i 
buyers — 7d., sellers 57s. 8d. There was a quiet market 











afternoon, no business being yers 
57s. 6d., sellers 57s. 7d. The market was idle yesterday 
forenoon, no business th reported. At the close sellers 





‘ar the chief features | }, 
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asked 57s. 74d. cash, with buyers at 57s. 6d. ing the 
afternoon the market continued idle, without any c 
from the forenoon’s quotations. There was no improve- 
ment to report this forenoon. Business was at a complete 
standstill, and there seemed to be no immediate prospect of 
a change for the better. At the close sellers asked 57s. 7d., 
buyers offering 57s. 6d. cash. The market continued with- 
out business during the afternoon, and prices were un- 
altered from those asked in the forenoon. seems to 
be a disposition to invest in pig iron, but the present pre- 
8 offer so little encou ment, that intending pur- 
c rs incline to hold off, believing that while there is a 
possibility of lower prices, there is but small hope of any 
early advance. Several brands of makers’ iron are getting 
Soaked off merchants’ hands, and consequently the prices 
of the same are getting firmer, and full prices are bein; 

aid. Iron still continues to be sent into store,the stock wit 
Sones. Connal and Co. last Friday night being 64,138 tons, 
or an increase of 555 tons during the week. Last week’s 
shipments amounted to 8071 tons, as against 13,101 tons in 
the corresponding week of last year. 

The Tay Bridge: Another Large Girder placed in 
Position.—Last Friday afternoon one of the large spans of 
the Tay Bridge was successfully floated to its position. It 
is the first of the 250 ft. girders on the Newport side—the 
northmost one having been floated out about a month ago. 
Mr. Grothe delayed the floating ont till a little after high 
water, so that the ebb tide counteracted the force of the 
wind on the girder. There will be eleven more of these 
250 ft. spans to fill up the central £2 in the bridge. An 
other 135 ft. span has since been floated out, and it will be 
placed between the girder just put in position and the New- 

rt = Next Friday morning one of the large piers will 

put down. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—Yesterday there was a 
fair average attendance on ene Middlesbrough. 
Business was again flat. No. 3 Cleveland pig iron is now 
quoted as low as 45s. per ton, and there are many persons 
who believe that in the course of a few months the price of 
that quality will be {still lower. Other —_ people be- 
lieve that the depression has touched the lowest ebb, and 
that there will soon be a turn in the tide. 


The Finished Iron Trade.—Nothing is happening to 
show that there is likely soon to be any improvement in 
the finished iron trade. We have stated over and 
over ‘again that only about half, of the rail mills are 
at work in the North of England. The owners of iron 
works are acting like prudent men to close their establish- 
ments when they cannot obtain rail orders at a price which 
will leave them a profit. It is now ascertained how ruinous 
the action of other districts has proved. Complaints have 
been made about Cleveland rail makers allowing other com- 
petitors to undersell them, but now when the accounts of 
one concern in Wales show that during the past year they 
have actually lost 160,0001., the shareholders of works in 
Cleveland will not have much more to say on this subject. 
It is better to close works than to continue operations at a 
heavy loss. It is confidently believed that the time is draw- 
ing nigh when confidence in commercial prosperity will be 
restored, and that the iron and coal will revive. A 
doleful account of the condition of Middlesbrough appeared 
in the Daily News a few days ago. It is only right tostate 
that if the special accounts on various matters from other 
districts, which appear in the paper, are as truthful as this 
particular account, its reputation as an authority on trade 
and finance will speedily fade away. Many of the state- 
ments in the News are exaggerated. It is ridiculous to lead 
pos to believe that because trade, not only in Cleveland 

at all over the world, is dep just now, Middlesbrough, 
and the prosperous towns depending upon the production 
and manufacture of iron, will sink into insignificant places, 
with grass-grown streets, dilapidated houses, and ruins of 
iron works. The ironstone io here in the splendid range of 
Cleveland Hills, and can only be taken out bit by bit. The 
last furnaces are here, and can convert the stone into big 
iron at as cheap a rate as any blast furnaces in the world. 
The mills and forges are here, and can make rails, bars, and 
sheets as cheap as any district in the universe. Civilisation 
cannot continue long without a demand for more iron in 
various forms springing up. When that demand is made, 
Cleveland will be first to respond. 














Tue INSTITUTION OF CIviIL ENGINEERS.—During the 
last three months the deaths have been recorded of Messrs. 
Charles Frederick Beyer, Crawford James Campbell, James 
May, Robert Napier, and Joseph tag Femme, M.P., 
Members ; and of Benjamin Burleigh, rge Pothecary, 
James Robertson, Richard Stephen Roper, GeorgeThompson, 
and Peter Th , Associates. The elections and admis- 
sions have, however, increased the total on the 
books by 66; the number of the classes now bei 
868 Members, 1595 Associates, 14 Honorary Members, an! 
399 Students—together 2876 of all grades. 


MercuanicaL Sroxine : Errata.—In referring to Mr. 
Spice’s paper on Mechanical Stoking, read at the recent meet- 
i e British Association of i 
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Drep.—On the 23rd inst., at West Shandon, Dumbartonshire, 
Kobert Napier, in the 86th year of his age. Friends will please 
accept this intimation. 
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THE STRUCTURE OF STEEL. 

Tue practical experience of the past ten years or 
so has undoubtedly added vastly to our knowledge 
of the manner in which steel can best be turned to 
account as a structural material, but it is equally 
true that while we have learned that the presence of 
certain materials in steel is deleterious, and that cer- 
tain modes of treatment produce beneficial effects, 
we have as yet learned little as to the reasons for 
these results. ‘Take for instance the practice of oil- 
tempering as now applied at Woolwich to the steel 
tubes used for lining guns, or the rapid cooling in 
water as they come from the rolls of steel plates 
for locomotive fireboxes, as carried out at Crewe and 
elsewhere; both these processes, as is well known, 
improve the quality of mild steel, yet so far no 
theory has been generally accepted as accounting 
for the results obtained. So also it is well known 
that steel ingots, when forged or rolled, have at first 
to be treated very carefully; but that after having 
been lightly dealt with under the hammer or in the 
rolls, they will gradually bear more and more severe 
treatment, and this although the finished bar is 
practically identical in chemical composition with 
the original ingot. This alteration of the character 
of steel under the action of forging or rolling has 
probably attracted less attention than it otherwise 
would, from the fact of the effect produced so 
strongly resembling that which occurs in the manu- 
facture of wrought iron. Yet if we examine the 
two cases we shall see that they are by no means 
ra. _A puddled ball, as first placed under the 

ammer, is a mass permeated in every direction by 
slag which separates the particles of iron, and in the 
operation of sh ngling this slag is more or less 
thoroughly exjressed and the - particles of iron 
welded together. In the case of a steel ingot, on 
the other hand, cavities and cracks may exist, it is 





true, but the interruption of continuity of the 
metal caused by these cavities isin no way compa- 
rable to that due to the presence of the slag in a 
puddled ball, and the ‘“‘ tenderness” of steel ingots 
must therefore be traced to some other cause, In 
seeking for this cause it must be borne in mind, 
moreover, first that cast ingots which are practically 
solid still exhibit ‘‘tenderness’’ at first under the 
hammer, and, secondly, that the specific gravity of 
cast steel is not increased, but is in some cases 
slightly diminished by the process of forging. 

Although, as we have said, there is as yet no 
theory generally accepted as accounting for the 
above-mentioned facts, and although they have not 
been so extensively investigated by those practically 
engaged in the steel manufacture as their interest 
would seem to warrant, yet explanations of them 
have not been entirely wanting. . Amongst these is 
one to which we now wish to direct special attention, 
believing, as we do, that it is worthy of very atten- 
tive consideration. The explanation in question is 
that offered as long ago as 1868, by M. Chernoff, in 
some papers contributed to the Russian Technical 
Society. M. Chernoff is the assistant manager of 
the well-known Abouchoff Steel Works, near St. 
Petersburg, and he has thus had an extensive expe- 
rience with steel forgings of large as well as small 
dimensions, so that his opinion possesses consider- 
able weight. This being so, it is somewhat singular 
that the theory which he advanced eight years ago— 
strongly supported as it is by facts—should have 
hitherto received so little attention, either in this 
country or abroad. Now, however, we are glad to 
say, Mr. W. Anderson, of the firm of Eastons and 
Anderson, has translated M. Chernoff’s memoir into 
English and has had it printed in pamphlet form, 
By the courtesy of Mr. Anderson, we shall in an 
early number be enabled to reproduce M. Chernoff's 

aper in ewtenso, when our readers will be able to 
judge for themselves of the theory which he so ably 
advances ; in the mean time, however, we propose 
to state the outline of that theory, and to make some 
remarks upon points suggested by it. 

Passing over some interesting remarks made by 
M. Chernoff respecting the high quality of Eastern 
steel known as * boulat,” and the facts he adduces 
to prove that the various markings of this and 
similar steels is not due to the admixture of foreign 
substances, but to the structure of the steel at differ- 
ent points, we will proceed at once to the theory 
which M. Chernoff advances to explain the changes 
which take place in steel during the operations of 
forging and tempering. M. Chernoff holds that in 
a compound of iron and carbon such as steel is, the 
carbon may be regarded as occupying the same rela- 
tion to the iron that the water of crystallisation of a 
salt does to a salt when in the form of crystals. If 
a crystalline, salt such as alum, be placed in a suitable 
vessel and gradually heated, a temperature will at 
length be reached when the crystals will begin to 
coalesce and contract, the whole will become fluid, 
the salt being at this higher temperature completely 
dissolved in its water of crystallisation. Just in the 
same way M. Chernoff considers the iron of steel 
may be supposed at a certain temperature to become 
dissolved in the carbon which is associated, there 
thus resulting a fluid mass which may be pre- 
sumed to be subject to the same laws as those which 
govern such a molten crystalline salt as we have just 
referred to. 

But we know that if a crystalline salt which has 
beensufficiently heated and thus dissolved in its water 
of crystallisation, be subsequently allowed to cool, 
crystallisation will again take place, the character of 
the crystals formed, however, being influenced by 
the treatment which the solution undergoes ag 
this cooling. For instance, gradually cooling an 
the maintenance of the solution in a quiescent state 
will result in the formation of large well-developed 
crystals, while agitation during this slow cooling, or 
rapid cooling without agitation, will cause the for- 
mation of small crystals, Finally, the combination 
of agitation with rapid cooling will interfere still 
more with the crystalline formation. 

More than this, it will be found that not.only can 
the formation of large crystals be prevented by 
agitating the solution while wholly fluid, but that 
even after the commencement of isation di 
turbance of the particles will cause the crystals to be 
redissolved, the effect of the agitation being thus to 
reduce the temperature at which the crystals will 
remain in solution. 

Now M. Chernoff shows that in its behaviour 
steel is strictly analogous to the solution of the crys- 
talline salt in its water of crystallisation, and the 


dis- | able light on the results whi 





experiments he — to prove this are of exce 
tional interest. Briefly stated, the facts which he 
adduces are as follows :—Up to a certain temperature 
which will vary in different samples, and which M. 
hernoff denotes as the point a), steel may be heated 
and subsequently rapidly cooled, as for instance by 


dipping in water, without producing any hardenin 
effect; on the con , it will become softer an 
more easily worked, , however, the temperature 


a be exceeded, then the rapid cooling will be accom- 
nied by hardening. At a temperature that is 
igher than a, not by a strictly defined amount but 
by an amount which is variable in different quali- 
ties, the steel begins to alter its structure, and be- 
tween this point of change (which M. Chernoff 
denotes as 4) and its melting point, it gradually 
es from a crystalline to an amorphous condition. 
f, on the other hand, a mass of steel is cooled 
down quietly from the molten state, it will, by the 
time the temperature 4 is reached, have assumed a 
crystalline structure, and this structure will not 
change during the further cooling, while after passing 
the temperature a it will not harden, however rapidly 
the reduction of temperature may be affected. 

Bearing in mind what has been already stated 
respecting the behaviour of a crystalline salt when 
dissolved in its water of crystallisation it will be 
seen that presuming the analogy between such a 
salt and steel to be correct, the treatment which the 
latter should receive to prevent the formation of a 
coarsely crystalline structure is plainly pointed out, 
What is needed is, that when between the melting 
point and the temperature which M. Chernoff de- 
notes as d, the particles of the metal should constantly 
be kept in a state of disturbance, as is practically 
the case when a mass ote J forged, or that the 
temperature should be reduced so rapidly as not to 
permit of the formation of large crystals. Prac- 
a the operations of forging or rolling are 
usually necessary for mechanical reasons, and itis by 
such operations therefore that the formation of a 
coarse ¢ lline structure can generally be best 
prevented, but it is to be borne in mind that to be 
thoroughly beneficial this forging or rolling must be 
continued until the temperature of the metal has 
fallen to the point 4, or otherwise crystallisation will 
proceed after the mechanical treatment. It is re- 
marked by M. Chernoff that it is only when the 
temperature has fallen below 4 that the density of 
steel can be increased by forging. For such steels 
as areused for larger ingots, however,the temperature 
4 is so low comparatively, it being only about a dull 
red heat, that below it no existing hammers are 
sufficiently powerful to deal with masses. 
Small forgings may, however, be dealt with at a 
lower temperature, and the results are in some 
respects remarkable, 

As regards the mode of arresting the formation of 
large crystals by a rapid cooling of the metal from 
a temperature above the point 4, although for 
mechanical reasons not generally applicable as a 
substitute for forging or rolling, yet it is undoub- 
tedly a mode of treatment which forms an important 
auxiliary, constituting as it does, to some extent, a 
means of correcting insufficient forging. Thus, if the 
process of forging has been resorted to only to 
give the required shape and has not been continued 
until the mass has fallen to the temperature J, 
crystallisation will, as we have stated, ensue; but this 
crystalline structure can be changed to an homo- 
geneous one by ie-heating the forging to a tempera- 
ture somewhat above J, and then subjecting it to 
rapid cooling. ‘The tempering in oil of the gun 
sabes at Woolwich, and the practice of repeatedly 
heating steel plates and then dipping them in water as 
adopted at Crewe, are instances of the practical 
application of the principles which M, Chernoff 
hasenunciated. In fact these modes of treatment 
of steel forgings, &c., are specially recommended in 
his memoir, written, as it was, in 1868, and they 
are adopted on a large scale at the Abouchoff Steel 
Works, 

M. Chernoff’s paper was read before the process 
of compressing fluid steel had attracted any particular 
attention, or otherwise he would probably have 
alluded specially to this mode of treatment, As it is, 
the theory of M. Chernoff ey to throw a remark. 

ch Sir Joseph Whitworth 
bas obtained, As long agoas 1861 Professor James 
Thomson experimented on the influence of pressure 
on crystalline solutions, and the result obtained 
corroborated the conclusions at which he had 
previously arrived on theoretical grounds that the 
application to a solid of stress of cz. § kind 
caer than hydrostatic must have the effect of 
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lowering the melting point of that solid, and in the 
Proceedings of the Royal Society for December, 1861, 
he remarks that ‘stresses tending to change the 
form of any crystals in the saturated solutions from 
which they have been crystallised, must give them 
a tendency to dissolve away, and to generate, in sub 
stitution for themselves, other crystals free from the 
applied stresses or any equivalent stresses,” Apply- 
ing Professor James Thomson's conclusions to the 
view of the structure of steel advanced by M. 
Chernoff, we thus see that there is good reason to 
believe that the effect of heavy pressure, such as is 
applied by Sir Joseph Whitworth to molten steel, 
may not consist merely in the mechanical closure of 
cavities which would otherwise exist in the mass 
when solidified, but that such pressure may in 
addition produce a more or less decided effect upon 
the structure of the metal after solidification. So 
far as we are aware Sir Joseph Whitworth has never 
made public any facts which would enable the 
suggestion here made to be verified or controverted, 
but the matter appears to us worthy of further in- 
vestigation by those who have the means at their 
command. 

Altogether we do not hesitate to regard M., 
Chernoff’s paper as one of the most interesting and 
suggestive which has for a long time past come 
under our notice, and considering the important 
practical bearing of the facts which it adduces 
we think that our iron and steel manufac- 
turers are greatly indebted to Mr. Anderson for 
the trouble he has taken in preparing and placing 
at the service of the public his able translation. 








FROM ATLANTIC TO PACIFIC. 

Most of our readers, probably, have already seen 
mentioned in the columns of the daily press the 
wonderful railroad trip recently made across the 
American continent from New York to San 
Francisco—a distance of 3316 miles—in 84 hours, a 
trip which is certainly without parallel in railway 
annals, and which merits something more than a 
passing notice. The trip appears to have been 
organised as a speculation by Messrs. Jarrett and 
fae, the theatrical managers of New York, these 
gentlemen issuing tickets at the pon (including a 
return journey to New York by the ordinary trains) 
of 500 dols. each. The number of passengers was 
at first announced to be limited to sixteen, but the 
run wasactually made by a party of twenty-five, these 
including three actors who had been advertised to 
appear in San Francisco on June 4th. The train 
consisted of a baggage car, a smoking and ‘ com- 
mi * car, and the Pullman hotel car ‘ Marl- 
borough,” the baggage and smoking cars belonging 
to the Pennsylvania Railroad Company, and having 
been constructed at their Altoona works. 

The first step in the journey was the ferry of one 
mile from New York to Jersey City, at which latter 
place the railway trip began at 12.53 a.m. on June 
lst. The first company to deal with the train were 
the Pennsylvania Railroad Company, who had 
undertaken to take it through from Jersey City to 
Pittsburgh, a distance of 439} miles, without a stop, 
a task which was successfully accomplished in 
10 hours 5 min., or at an average s of 43.46 
miles per hour, the train which had left Jersey City 
3 min.-late arriving at Pittsburgh 2 min, before time. 
The locomotive (No. 573) employel to make this 
run—a run which is by far the most extraordinary 
on record—was of the standard type denominated 
by the Pennsylvania Railroad Company their ‘C 
class,” a class of which we gave particulars and 
illustrations on pages 155, 156, and 157 of our 
nineteenth volume, The engine has 17 in. cylinders, 
24 in. stroke, and two pairs of coupled wheels 5 ft. 
in diameter, there being a four-wheeled truck at 
the leading end. The boiler has a total l eating sur- 
face of 1096 square feet, namely, 984 square feet of 
external tube surface and 112 square feet of firebox 
surface, while the firegrate area is 17.6 square feet. 
The weight of the engine is 74,300 lb. ‘Lhe tender 
is fitted with Mr, Ramsbottom’s arrangement for 
taking up water on the road—or as our Transatlantic 
friends call it, a “ jerk-water”"—so that no stops 
had to be made for water, while in addition to the 
coal on the tender an extra supply was carried in 


bags in the bag; car. The used was bitumi- 
nous. Thes uring the run we understand never 
fell below 25 miles per hour, this low speed being that 


at which the train crossed the bridge at Harris- 
burg, while it was in many parts over 60 miles per 
hour ; thus from Princetown Junction to Trenton, 
a distance of 9.6 miles, was run in 9 minutes, or 





at the rate of 64 miles per hour. The engine was 
run throughout by William Phillips, the engineman 
to whom it belonged, but an engineman from each 
division of the line was also on the train, each pilot- 
ing it over the section to which he belonged. 0- 
motive engineers—and probably they only—will 
full appreciate this comedieitie performance. 

The next a to take the train in hand were 
the Pittsburgh, Fort Wayne, and Chicago Company 
over whose line it passed from Pittsburgh to Chicago, 
a distance of 468 miles, in 11 hours 31] min., giving 
an average speed of 40.07 miles per hour. Next 
came the Chicago and North-Western Company, by 
whom the train was conveyed from Chicago to 
Omaha, a distance of 492 miles, in 1] hours 57 min., 
this including the time in passing from the terminus 
at Council Bluffs to that at Omaha, a distance of four 
miles, the run from Chicago to Council Bluffs, a 
distance of 488 miles, being accomplished in 11 
hours 30 min., or at a mean speed of 42:44 miles per 
hour. Between Chicago and Council Bluffs five stops 
were made, amounting in the aggregate to 50 mins. ; 
on this section of the run, also, the train passed 
through a thunderstorm, accompanied by heavy 
rain. 

The next section traversed was that over the 
Union Pacific Railroad from Omaha to Ogden, a 
distance of 1033 miles, This was accomplished in 
24 hours 50 min., giving an average speed of 41.6 
miles per hour. On this section a delay of 20 min. 
was caused by a hot bearing. Finally the train was 
taken over by the Central Pacific Company and con- 
veyed from Ogden to Oakland, a distance of 876 
miles, in 23 hours 38 min., or at a mean speed of 
37.12 miles per hour, the whole of this last run being 
made with a single locomotive driven by Hank 
Small. On this section of the journey there is, as 
our readers are aware, a long stretch of downhill 
running,andhere the brake-blocksof thePennsylvania 
cars appear to have given trouble, a couple of the 
Union Pacific cars being eventually added to the 
train to obtain extra brake power. From Oakland 
a ferry of two miles conveyed the passengers to San 
Francisco, the total run from New York to San 
Francisco, a distance, as we have said, of 3316 miles, 
being accomplished in 83 hours 59 min. 16 sec. This 
time is the total, including that occupied at the New 
Jersey and Oakland ferries; but if these latter be 
deducted, we have the railroad journey from New 
Jersey to Oakland, a distance of 5313 miles, made 
in 83 hours 32 min, 7 sec., or at an average speed 
. aay miles per hour, including all stoppages and 

elays. 

In considering the performance we have recorded 
(and for many details of which we are indebted to 
our esteemed contemporary the Railroad Gazette, of 
Chicago), it must be remembered that the run was 
for the great part made over lines which differ 
materially in their features and construction from 
the great through lines of this country, and are 
much less adapted for being traversed at high 
speeds. Thus although the average speed attained 
was not very high when com with English 
practice, yet the whole cannot fail to be regarded as 
a remarkable performance when the difficulties which 
attended it are estimated at their proper value. Of 
course opinions will differ as to the usefulness or 
otherwise of making such a trip, but we ourselves 
believe that its safe accomplishment will not be 
without its influence on the future trans-continental 
service. Our United States friends value time, and 
now that it has been fairly brought home to them 
that the trip from New York to San Francisco can 
be made in 84 hours we shall not be surprised to 
find them growing discontented with the present 
rate of transport. 








THE FIRST LORD OF THE ADMIRALTY 
AND THE DEVASTATION. 


A writTeR who would respect privilege of Parlia- |i 


ment will write as little as possible upon the senato- 
rial eloquence of Captain Bedford Pim, R.N., M.P. 
Whatever may have been the case formerly, no one 
at this time of day is likely to be the worse for that 
person’s statements remaining unnoticed, and we 
should have nothing at all to say upon the “debate” 
upon the Navy Estimates on Monday last, were it 
not that in the ample, conclusive, and we must add 
almost uncalled-for, refutation of the charges 
brought against the Constructive Department of 
the Navy, a statement of great public interest was 
made. With what was said for or against the 
administrative system of the Admiralty this journal 
has little concern ; but even on that point we may 
remark in passing that the attack, at least, was not 





made good, and did not so much as score a point to 
entitle it to attention another time—unless the still 
unredressed grievance of the engineer officers, which 
ought to have certainly got by this period beyond 
the stage of being ‘ under consideration,” might be 
held to constitute an exception. 

The statement which we consider so important was 
made by Mr. Hunt, the First Lord of the Admiralty. 
‘* The Devastation,” he said, ‘‘ had been referred to, 
and he was not surprised that great doubts should 
have been entertained regarding that ship. He him- 
self, when he first spoke on the subject, had great 
doubts as to her sea-going qualities, but he did not 
entertain them now; with the experience he now had 
on the subject, he had no hesitation in passing her 
as a sea-going ship. He had sailed in her company 
for some hours, and although the sea was very heavy 
for the ship he was in, he was very much surprised 
at the way in which the Devastation behaved. He 
knew the opinion of naval authorities had very much 
changed in regard to the Devastation.” 

if. anything could shame down the men who, in 
Parliament and out of it, seek notoriety by the base- 
less slandering of cleverer men than themselves, or 
by the almost equally culpable dissemination of 
reckless statements, fraught with danger to the 
country and to the naval service, upon subjects they 
wholly fail to understand, surely their mouths 
should be stopped by this candid and honourable 
confession by Mr. Hunt. In the science of war-ship 
building, so great a stride was never made as in the 
design of the Devastation as a sea-going ship. It 
gave this country a start in naval power of in- 
calculable value, and if the advantage so gained has 
been in great part thrown away by delay in repeat- 
ing the design, the fault rests almost wholly with 
those who, through stupidity or worse, endeavoured 
to convince the country that this great step in 
advance was only a blunder. Through evil report: 
and good report this journal has never ceased to 
defend the Devastation, and to insist upon her 
ultimate acceptance as the proper type of the line- 
of-battle ship of the future, and as almost the only 
type of ironclad upon which it is worth while to 
spend any large proportion of the money voted for 
shipbuilding. Too many of those whose scientific 
knowledge should have secured their support to the 
good cause kept silence, through petty jealousy or 
dislike of the designer, and the outspoken defenders 
of the new design numbered but a small band. We 
have a right, then, to call attention, as the complete 
justification of at least the first part of our case, to 
the First Lord’s declaration. The Devastation is 
accepted by the highest, and at one time a hostile, 
authority as an efficient sea-going ship, thus 
settling for ever, we presume, the question of 
her seaworthiness. As to fighting, all the world 
knows that she is immeasurably more powerful 
than any existing ship of different type, and 
we believe we do not go beyond the facts 
in saying that her mere presence in the Mediter- 
ranean is felt in every European court as an im- 
portant factor in the settlement ‘of the ‘‘ Eastern 
Question.” At the same time there is not the 
slightest reason to suppose that the masts and sails, 
or those other characteristics of the remaining 
vessels of the Mediterranean fleet which make 
them unlike the Devastation, are, or can be, of any 
service to them, or can enable them to do anything 
of the least practical importance which the Devasta- 
tion cannot do. Why, then, is the type of these 
inferior, and necessarily inferior, vessels (which are 
not even cheaper) perpetuated? Why do we not 
boldly adopt the policy of taking the mastless De- 
vastation (as developed in the Inflexible) as-the 
proper type of fighting — instead of wasting 
money upon Alexandras and Northamptons, which 
however ingenious, and however valuable for cer- 
tain p , ought to be considered as special 
ships only, required, by —— with the others, 
in but limited numbers—whereas their class, thus 
needlessly added to, does in fact monopolise nearly 
the whole strength of the Navy? If the Admiralty 
of Trafalgar times, knowing (as we know now) 
what was the then best type of line-of-battle ship, 
had had but siz vessels of that all-important class, 
even including those hardly begun, while at the 
same time it ssed a numerous fleet of frigates, 
can it be conceived that it would have shown as 
much alacrity in adding to the number of its frigates 
as to its line-of-battle ships, on the ground that, 
while line-of-battle ships were less active than fri- 
gates, frigates could, at a pinch (and at some risk, 
to be sure), take the place of the unbuilt fight- 
ing ships in the line-of-battle? The Ad- 
miralty of that day would not have acted so, 
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and neither can ours without imperilling the 
power of the country. That point has not been 
reached, because other countries as yet have been 
equally blind with ourselves; but this will not con- 
tinue. The Sultan (or even the Alexandra) bears 
much about the same relation to the Devastation, 
as a fighting engine, that the best of the old frigates 
bore to the old line-of-battle ships, while her 
superiority in mobility, so far as it exists, is cer- 
tainly not greater than that possessed by the frigates 
in the same comparison. Yet naval strength was 
reckoned then in ships-of-the-line, and there is 
no change in the conditions of naval warfare which 
should require us to abandon this mode of reckoning 
now. And there is this great reason for maintaining 
it: the old frigate was a cheap auxiliary to the liner ; 
the modern one is an exceedingly costly substitute. 

We are aware, of course, that this is debateable 
ground, on which earnest believers in the Devasta- 
tion—including, we presume, her designer—will not 
go with us. For the present we are content, not to 
press the case against the masted (or, as we prefer 
to say, frigate) type of ship, but to record the com- 
plete and admitted triumph of the vessel which will 
inevitably revolutionise naval architecture, and on 
whose success it might not unfairly be said that we 
long since staked our credit. It{ would be un- 
fair not to add that Mr. Hunt’s testimony is a 
thorough justification of, and triumph for, Mr. 
Reed. And it would be unfair not to add, further, 
that though the reports would doubtless have been 
the same ‘had the ship been completed as first de- 
signed, yet that the ‘superstructure,” added by 
Mr. Barnaby and his colleagues of the Council of 
Construction, has almost certainly made her a better 
ship, and that certain features of that superstruc- 
ture to which Mr. Reed himself took exception do 
not appear to have proved in any way objectionable. 


BRUSSELS INTERNATIONAL EXHIBI- 
TION, 1876. 

Tue Brussels International Exhibition, opened 
on Monday last, is exclusively devoted to means 
or appliances for promoting health and public 
safety. It will be followed by a Congress, where all 
questions interesting to these subjects will be dis- 
cussed, and so far as possible, decided. The idea of 
this Exhibition was promoted by the Lieutenant- 
General Renard, President of the- Société des 
Sauveteurs, soon after the war of 1871, but its 
realisation has been delayed till now by the Vienna 
Exhibition of 1873 and various other circumstances. 
A leading feature of this enterprise is that it has 
been started and sustained solely by private action. 
It received however from its commencement the en- 
couragement of King Leopold, who became a patron 
of this useful undertaking, and of his brother the 
Count de Flandres, who was elected the honorary 
President of the Central Committee. Presented 
under such a favourable patronage, the idea was at 
once well received by other governments, and local 
committees, composed of persons of the highest 
character, and often presided over by members of 
the royal families, were immediately composed in 
nearly all European countries. 

_ The Exhibition was opened on Monday, the 26th 
inst., by the King of the Belgians with the usual 
solemnity. The exhibits are divided in ten classes, 
as follows :—1. Saving of life from fire; 2. Appa- 
ratusand engines of all kinds acting on water and in 
water, to diminish danger, prevent accidents, and 
give assistance; 3. Means of preventing accidents 
resulting from traffic on roads, railways, and tram- 
ways; 4. Means of assistance in time of war; 5. 
Public health ; 6. Sanitary measures and means of 
saving life applied to industry; 7. Domestic and 
private hygitne ; 8. Medicine, surgery, and phar- 
macy in relation to the preceding classes ; 9. Insti- 
tutions for improving the condition of the working 
classes ; and 10. Hygiéne and protection of life as 
applied to agriculture. Each of these classes is 
subdivided into a certain number of sections. 

_ We shall have to speak in detail of many novelties 
interesting to our readers; but for the present we 
shall confine ourselves to a general description of 
the Exhibition such as may result from a first visit. 
On entering the buildings—which are erected in the 
Park, a og central position—by the door opposite 
the Royal Palace, the visitor first comes to the 
Russian Department. Russia has gone to large ex- 
pense to give an ornamental appearance in a national 
style to its exhibition, and we may say that it has 
been successful in this respect as weil as in the 
quantity and quality of its exhibits. 

The Russian department contains amongst other 











things a very complete collection of analysed foods, 
such as we have at South Kensington, showing their 
various qualities as human food, There are likewise 
a great number of plans and drawings showing 
various arrangements for schools, houses, public 
baths, &c., while the military staff has also sent a 
number of ambulance wagons, and surgical and 
medical appliances for use in war time. 

Next comes the Belgian Department. Here the 
Minister of Public Works exhibits reduced models ot 
various life and tug boats, and other objects of 
the same kind, together with railway appliances. 
Amongst these we must notice an accident wagon, 
containing all that is necessary or useful in case of 
an accident occurring on the line, either by collision, 
fire, or by any other cause. ‘Thiswagon is very good 
both in design and construction, and affords credit 
to M. Docteur, who has designed it and superin- 
tended its construction. The Grand Central Railway 
exhibits also some objects worthy of notice, amongst 
which are two carriages fitted with Maquet’s garde de 
corps, for preventing guards from falling down when 
running along the train; this is rather of local in- 
terest, owing to the Belgian mode of collecting the 
tickets. A plan for warming the trains is shown by 
M. E. Belleroche, engineer of the same company. 

M. Waroqué, the President of the Exhibition, and 
one of the richest coalowners in Belgium, exhibits a 
working model on a large scale of an apparatus called 
‘¢Waroquitre” from his own name, intended to 
raise and lower the workmen in the coal-pits. 
There is also a direct-acting blowing or rather 
exhausting engine constructed by the Société 
Anonyme des Ateliers de la Meuse, under the direc- 
tion of M. A. Stévart. This powerful engine, which 


has two cylinders of 6 ft, diameter, is intended for | P 


the ventilation of coal mines, principally those 
troubled with noxious gases. 

France comes next, but wonderful to say, this 
great country offers but few interesting exhibits, 
the greatest space being occupied by culinary, and 
pharmaceutical articles, and those relating to den- 
tistry. - Near the French Department we find 
Sweden, Norway, and Denmark, and these sections, 
if they are not the most extensive, are certainly 
not the least interesting of the Exhibition. They 
relate principally to school buildings and furniture 
and houses for workmen. 

Germany covers a great surface, and the exhibits 
are well arranged and useful, They include a 
good quantity of pumps and other machinery for 
saving life from fire. Plans and drawings showing 
the mode in which large public works have been 
conducted are numerous and very interesting, and 
the varied specimens in each of all the classes of the 
catalogue make this section specially worthy of 
notice. 

Messrs. Siemens and Halske, the well-known 
electrician engineers of Berlin, exhibit their numerous 
appliances for working railways under the ‘ block 
system,” also their dynamo-electric machine with 
accessories. The ambulance wagons and cars, the 
medical and sanitary appliances to help wounded 
men in time of war, and to help them in all possible 
ways, are also very numerous and interesting. 

In the Austrian Department we find also a very 
complete assortment of ambulance wagons and cars, 
&c., even a complete train of eight carriages, the 

roperty of the Sovereign Order of the Knights of 
Malta, There is also a pretty good collection of 
maps showing the general arrangement of light- 
houses round the Austrian coasts. 

Holland has also a good, but small exhibition. 
In this naturally the greater portion is devoted to 
the means of protection against water. We must 
mention, however, specially the organisation of the 
fire service of the city of Amsterdam, which is 
perhaps the most complete on the Continent, all the 
stations being connected by a regular net of electric 
communication, which can be worked by the public 
as soon as a fire is perceived. , 

Italy has some curious exhibits, amongst which 
are several furnaces proposed for cremation purposes. 
As a specimen of the merits of his modus operandi 
one enterprising inventor shows a bottle contain- 
ing a human body reduced to a weight of about 
2 lb. 

At a right angle to this gallery is the British De- 
partment. It covers a surface about equal to 
that of Belgium, and the exhibits are numerous and 
well chosen in all the different classes above men- 
tioned, We shall briefly name en passant some of the 
exhibits most remarkable for their utility or their 
workmanship, Messrs, Saxby and Farmer have a 
splendid show containing their various and well- 





known appliances for railway signals, crossings, &c. 
The Brocklebank Syndicate, Limited, demosswate 
by a working model their system of wagon couplings, 
which attracts the attention of the public. The exhibits 
of the London Committee for the 2nd Class is the 
most complete of the Exhibition in all respects. 
The Westinghouse Continuous Brake Company 
has only a drawing illustrating the application of 
their system to an American and English train, but 
what is still better than a working model, they can 
show two trains in action on the State Railway lines, 
one which has now been running for three years on 
the Belgian railways, and the other fitted on their 
new automatic principle. We may mention also 
in this section a wedge safety apparatus for lifts of 
Mr. H. A. Davis, the patent valves manufactured 
by Messrs, Dennis and Co., of Chelmsford, and the 
catoptric lamp of Mr. T, Shelton. The War Office 
and the Board of Trade have also exhibited in the 
range of their respective departments apparatus of 
the highest interest. The English exhibitors also 
include Messrs. John and Henry Gwynne, Messrs. 
Henry Pooley and Son, of Albion Foundry, Liver- 
pool, and other well-known firms, of whose exhibits 
we shall probably have something to say hereafter, 





MARINE ENGINE BUILDERS AND 
THE BOARD OF TRADE. 


As many of our readers are aware there has for 
some time past existed on the part of marine engine 
builders a considerable amount of dissatisfaction at 
some of the conditions which are required by the 
Board of Trade to be fulfilled before they will grant 
assenger certificates for steamships, In the Clyde 
district the feeling of dissatisfaction has been - 
ticularly strong, and it was increased some little 
time ago by the fact of the Board of Trade issuing 
to their surveyors a series*of instructions which are 
considered to limit the discretionary power in the 
hands of such surveyors, and to render it impossible 
to deal fairly with the improvements in the con- 
struction of steam machinery which are from time 
to time introduced. ‘ 

So strong did the feeling in this matter ultimately 
become that a meeting of the Clyde engineers was 
held to consider the circumstances of the case, and 
to determine upon a mode of securing redress, As 
a result of this meeting a brief memorial, signed by 
twenty-nine firms of the Clyde district, was 
forwarded to Sir Charles B. Adderley as President 
of the Board of Trade, this memorial expressing a 
desire that the ‘ Instructions” above referred to 
might be reconsidered and revised, and suggesting 
‘that in this revision parties who are outside of 
official position should be invited to take part.” The 
memorial was handed to Sir Charles B, Adderley by 
a deputation, the members of which explained per- 
sonally the objectionable character of some of 
the ‘‘ Instructions,” and after hearing the deputa- 
tion Sir Charles requested that a detailed state- 
ment, in writing, setting forth the objections to 
the ‘‘ Instructions” should be submitted to him, To 
prepare the statement thus asked for an influential 
committee was appointed, and this committee, after 
carefully going into the matter, drew up and sub- 
mitted to Sir Charles the second memorial which we 
reprint below. Here, for the present, the matter 
now stands, but we can scarcely believe that a 
memorial presented by so influential a body will fail 
to receive full consideration, and we trust that it 
may be dealt with without any unnecessary delay. 
Meanwhile we reproduce, as we have said, the 
memorial in ewtenso, and we propose, hereafter, to 
analyse the objections to the Board of Trade “ In- 
structions” which it sets forth, and to express our 
own opinions on the several points in dispute. 


To the Right Honowrable Sir Charles B. Adderley, 
President of the Board of Trade, London. 


S1r,—In accordance with the arrangement come to when, 
as a deputation from the Marine ineers of the Clyde 
District, we had the honour of meeting with you on the 
25th of February last, we now respectfully to submit 
the following remarks regarding ‘‘ Instructions to Surveyors 
of Steamships appointed by the Board of Trade.” 

As you are aware from our memorial of 9th February 
last, and from what was ex to you at our meeting, 
we are prepared to admit the advisability of general in- 
structions for the guidance of surveyors; such, for example, 
as those under which they originally ormed their duties 
subsequent to the passing of the Merchant Shipping Act of 
1854. The book of ‘‘ Instructions’ lately issued, however, 

— this, and contains rules affecting matters 
of detail in the construction of marine machinery; such, 


for example, as those contained in phs 86, 87, 88. 
90, 91, 92, 101, 107, 114, 115, and ue vps 
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Rules such as these, even if correct in themselves, and 


embodying the best exi tice, which we submit they 
ates but be by us as highly objectionable, 
because out of the te of parts composing marine 
machinery it is very t, if not impossible, to say which 


are of such pre-eminent importance as to demand special 
legislation to the exclusion of the others ; and therefore, if 
the principle of issuing such rules at all is admitted and 
upon, the tendency must necessarily and logically be 
to multiply such rules indefinitely. Such a course, there 
can be no doubt, would have a most pernicious effect on the 
of marine engineering, by practically making the 
Bourd of Trade the sole responsible marine engineers of the 
country. Between this confining themselves to purely 
general “‘ Instructions,” there scems to us no intermediate 
position. 

Should it, however, be thought necessary that your sur- 
veyors should have the means provided of ready reference 
to the usnal elementary formule regarding strength of ma- 
terials and kindred subjects of scientific engineering, this 
might be supplied to them in the form of a separate text- 
book—care being taken that all formulw are given in their 
abstract form, leaving it to the discretion and judgment of 
surveyors to apply them in practice according to circum- 
stances. Should it be thought advisable, in addition to 
this, to furnish them with practical data as to the strength 
of different kinds of materials usually employed in the con- 
struction of marine eeiesen. in all cases the authority 
from which these are derived should be stated. 

Besides the rules to which we have referred as bearing on 
matters of detail in construction, the book of ‘‘ Instruc- 
tions’ contains numerous others which, although they may 
fairly come under the category of what we have called 
general instructions, are nevertheless in our opinion highly 
objectionable on account of the manner in which surveyors 
are directed to regard them. Take, for example, the last 
clause of paragraph 84, where, after saying that the ‘‘ In- 
structions’ are given for the surveyor’s guidance, he is 
directed ‘ not to depart from them in any case without first 
reporting specially to the Board of Trade with full particu- 
lars, and asking for instructions ;’’ and again, in paragraph 
96, it is implied that no invention or new arrangement will 
be allowe | in a vessel intended to have a passenger certifi- 
cate, unless the surveyor obtains plans and submits them 
for the consideration of the Board of Trade. Now, the 
spirit pervading the whole of the “ Instructions,” and of 
which we have given the above examples, practically over- 
rides the independent ay of surveyors who are legall 
responsible for what they do, and refers matters of whic 
they, from their position, should be the best judges, to the 
irresponsible decision of some (to us unknown) engineering 
adviser of your Board—thus limiting the course of improve- 
ment to what may happen to be in accordance with his 
views. 

We will now, as requested, give you our views regarding 
some of the ‘‘ Instructions’ which affect details of con- 
struction, pointing out wherein in our judgment they are 
defective, as not even embodying the best existing practice, 
altogether apart from the question whether such rules are 
advisable in any case. 

The series of ‘* Instructions’ which relate to the con- 
struction of boilers is based upon the principle of allowing 
certain determinate strains on the material ; and, curiously 
enough, these are fixed, mee men | of the nature of the 
material employed. In paragraph 90, it is true, a factor of 
safety is introduced ; but it is combined in a formula in 
which the ultimate tensile strength of the material is de- 
fined, so that it too is open to the same objection. 

The “‘Instructions’’ relating to boilers we understand to be 
meant to apply to new ones. No attempt is made to guide 
surveyors in their treatment of boilers when they come under 
survey after a number of years’ work. In fact, it is laid down 
in paragraph 97 that, in the case of old boilers, surveyors 
must use their own judgment as to the necessary pressure 
to be applied. It appears to us that “ Instructions” for 
their gollanes in this matter would have been of far greater 
importance than the rules for new boilers which have been 
supplied. We consider it as undoubted, that with such a 
margin of safety as 6, to begin with, a boiler is capable of 
carrying its original pressure with safety for several years, 
and indeed until corrosion has considerably reduced the 
original margin of safety. 

ow we have res ally to submit that, if any rules are 
issued at all on this subject (and we think they might be 
with advantage in a general form), a minimum factor of 
safety should be agreed upon and defined. This factor of 
safety might be fixed from the ascertained average margin 
of safety o be found in boilers that have been at work after 
a good many years’ use. Surveyors would then haveaclear 
and definite principle to take as a guide when and how much 
to reduce the pressure of a boiler that had been at work. A 
strain per square inch to be allowed on the material of any 
boiler should not be defined ; but, as we have said, a factor 
of safety might be fixed, in the absenve of any infor- 
mation to the contrary, surveyors should be directed to take 
the material as equal to average wrought iron. 

It should be left optional, however, for the shipowner or 
engineer to — to the surveyor, by such tests as might 
be considered satisfactory, that the material employed by 
him is of a superior quality, and as such entitling him to a 
larger working — with the same factor of safety. 

A minimam factor of safety being thus laid down, it 
would be left to the discretion of shipowners and x 
in their own interest, to provide, when making new boilers, 
such an excess in the factor of safety as they from expe- 
rience might deem to be necessary to insure their sufficiency 
for the original pressure for what number of years they 
might desire. 

‘aragraph 86.—In this it is laid down that the maximum 
pressure on boiler stays should not exceed 5000 Ib. for each 
effective square inch of area. Assuming that this is in- 
tended ee eee 
iron, it represents a of safety for the material of from 





9 to 10, while in h 90 for boiler shells a factor of 6 
for the material is consi sufficient. Such an excess in 
the strength of stays we consider altogether unreasonable. 

Paragraph 87.—This ‘‘Instruction” calls for no parti- 
cular notice. The formula given is somewhat obscure, bu 
taken with its constants it seems practically correct. It is 
based, however, on a fixed strain per square inch, irrespec- 
tively of the quality of material, and assumes a factor of 
any which does not correspond with the factor given for 

ilers. 

Paragraph 88.—We have here a formula given by which 
we are told “‘ the pressure on plates forming flat surfaces 
will be easily found.”” We take this to mean, that the rule 
is — for determining the working pressure per square 
inch proper to be allowed on flat surfaces suppor by 
stays. The formula is in fact intended for finding the 
proper pitch of stays for a given thickness of plate and pres- 
sure, or the thickness of plate for a given pitch of stays and 
pressure, or the pressure for a given pitch of stays and 
thickness of plate. 

We can form no idea on what this formula is based, but 
its application leads to results exczedingly singular. 

Take, for example, a case in which the surface supported 
by a stay is 6 square inches. In sucha case the formula 
givesa working pressureinjinitely great, whatever the thick- 
ness of the plate may be ; and, conversely, when the thick- 
ness of the plate is zero (infinitely thin), a working pressure 
of definite amount would be allowed. Thus, with 4 in. be- 
tween the stays and the thickness of the plate 0 in., a work- 
ing pressure equal to 10 Ib. per square inch would be allowed. 
Similarly, an ordinary locomotive firebox of } in. plate and 
with stays 4 in. apart, intended for a working pressure of 
about 150 lb. per square inch, would as far as the thickness 
of the plate and pitch of stays are concerned, be allowed to 
work in a vessel with a passenger certificate at 486 lb. per 
square inch. We hardl think it necessary to comment 
further on such a formula as this, although it could easily 
be shown that, even if the formula itself were unimpeach- 
able, the constants given for use with it are quite as 
empirical as those given under Paragraph 90, to which we 
pr to refer. 

Paragraph 90.—In regard to this “Instruction,” we 
cordially agree with the first part of it, viz., ‘‘ That boilers 
well constructed, well designed, and made of good material 
should have an advantage in the matter of working pressure 
over boilers inferior in any of the above respects.”” But 
what advantages do the “Tustructions” proceed to provide 
for? A standard or ideal boiler is described for which a 
factor of safety of six is required, and without any evidence 
being given that such a boiler is in any way stronger, it has 
assigned to it a working pressure very much greater than is 
allowed for one constructed in the ordinary way. Indeed, 
it seems a fair inference that the framer or framers of these 
rules had some doubts as to the superior strength of the 
supposed standard boiler, because no smaller factor of safety 
is allowed for it than Sir William Fairbairn thought suffi- 
cient for boilers as usually constructed. An attempt is 
therefore deliberately made to give the former an advantage 
by placing the latter under a disadvantage. 

Accordingly, there follows a series of additions to be made 
to the factor of safety according as the method of construc- 
tion deviates from that described for the ideal boiler, and 
approaches nearer to that contemplated by Sir William 

airbairn. A study of these additions is not a little curious, 
as showing that the framer of them professes to be able to 
appreciate the various methods of construction, and with 
sich marvellous accuracy as to be able to define their value 
to two decimal places of a factor of safety. We might com- 
ment in detail on these additions, and show their exceedingly 
arbitrary and empirical character ; but we shall only refer 
to the last, in which the value of a boiler’s being open to 
inspection (although not necessarily inspected) during con- 
struction is considered to be such, that a boiler not so open 
to inspection must be made 27} per cent. stronger than one 
that is. We need hardly say that itis to us a matter of 
astonishment that provisions such as these should ever have 
had a place in “‘ Instructions” issued by a Government De- 
partment. Sir William Fairbairn considered that a boiler, 
as constructed in his time, should be made capable of with- 
standing when new, six times its working pressure; and, 
when he fixed this, we believe it was with the intention of 
ar ag a margin to allow for boilers being able to carry 
safely their original pressure after the inevitable deca, 
caused by many years’ work. For the same boiler, for whic 
this eminent authority would have considered a factor of 
safety of 6 sufficient, the ‘‘ Instructions’ under considera- 
tion require 7}; or, if we take the want of inspection into 
account, upwards of 9. 

Now we feel that we, in common with other engineers 
throughout the country, have very just cause of complaint 
that, by the advice of some unknown authority, your Board 
should have taken such a serious step as to introduce a re- 
quirement, the effect of which, if acted upon, must be very 
largely to increase the cost and weight of boilers ; and that, 
in the face of the fact alluded to in our previous memorial, 
that accidents of disastrous consequences to the boilers of 
steamships have been hitherto comparatively unknown. 

Immediately after the table of enditions to the factor of 
safety, there follows a sentence, directing that in certain 
instances ‘‘ the allowance may be increased still further” 


o 


(that is, the factor of safety may be made still larger) “‘ if | be 


the workmanship or material is very doubtful, or very un- 
satisfactory.” e must strongly protest against the per- 
nicious doctrine, that inferior workmanship is to be com- 
pensated for by increased weight of material, as manifestly 
recognising a low and unsatisfactory style of engineering 
manufacture, such as we cannot believe your Board, on re- 


consideration, will be willing to sanction. . 
Further on, it is laid down that “‘ dished ends that are 
not truly hemispherical must be stayed,” &¢. Hitherto 


engineers have held the opinion, that any portion of a sphere 
made of plate suitable to the intended pressure, and to the 





P 
diameter of the sphere of which it is a portion, required no 


stays. If half of such a sphere is strong enough without 
stays, surely a smaller portion must be ; and it is therefore 
intolerable that we should be compelled to introduce useless 
complication in the shape of stays—the only effect likely to 
result being that we thereby render the part inaccessible, 
and defeat the very object for which this form of end is 


“eet 

The latter part of this clause is still more unaccountable, 
viz., “* If they (the dished ends) are theoretically equal in 
strength to the pressure needed, the stays may havea strain 
of 10,000 Ib. per effective square inch of sectional area.” 
Is theory in this particular instance to be ignored at the 
dictation of some irresponsible adviser of your Board? 

Paragraph 91.—In this paragraph we have two formula 

iven for finding the working pressure on cylindrical flues. 

he first is a modification of Sir W. Fairbairn’s well-known 
formula ; but it is limited in its application by the second, 
which confines the maximum compression strain on the ma- 
terial to 4000 lb. per squareinch. ‘There are no doubt grounds 
for believing that some modification of Sir W. Fairbairn’s 
formula is required, but we respectfully submit that a series 
of careful and exhaustive experiments is necessary, to 
enable the extent of modification to be determined satis- 
factorily. 

Paragraph 92.—Here we have instructions as to the 
proportioning of cylindrical superheaters, by which, speak- 
ing approximately, their strength is required to be about 
double that of boilers of the same dimensions, and intended 
to carry the same pressures. 

Thus, a cylindrical steam drum or superheater, with the 
products of combustion from the boiler furnaces passing 
through a central fine or flues, would be required by sur- 
veyors acting under this ‘“‘ Instruction’’ to have its outer 
shell about 71 per cent. stronger than would be required 
for a eylindrical boiler of the same dimensions. 

We cannot believe, however, that this is intended. On the 
supposition that we are right in so believing, it is certainly 
matter for serious regret that such instances of want of 
precision of language should be met with in a compilation 
emanating from the Board of Trade. 

We believe the intention of the rule is, to prescribe that 
cylindrical vessels containing steam (why, by the way, 
should instructions on this- subject be confined to cylin- 
drical vessels ?), and entirely enclosed in the uptake of a 
boiler or boilers, and thus exposed to the impact of heat or 
flame, should be composed of plates about double the thick- 
ness that would be considered necessary for a boiler of the 
same form and dimensions. Now we believe that this is 
quite unnecessary, and that the great thickness of plate 
that would be thus entailed would probably defeat the very 
object which the rule was intended to attain. 

Farther on, it is provided that ‘‘ superheaters that can 
be shut off from the main boilers must be fitted with a 
parliamentary safety-valve of sufficient size; but the least 
size passed without special written authority should be 3 in. 
in diameter.”” Why 3in. in diameter if the valve is other- 
wise of ‘‘ sufficient size’’ ? 

a 99 and 100.—Although these paragraphs 
contain only general instructions, and are so far unobjec- 
tionable, nevertheless the subjects therein treated of are of 
such importance that we beg to submit the following sug- 
gestions : 

Before testing a boiler, it may be right and proper for a 
surveyor to examine it and ascertain its strength by calcu- 
lation, but this should only be for the purpose of avoiding 
the danger of applying a hydraulic test so severe as to be 
likely to injure it. If this has been attended to, and the 
surveyor’s calculations are based on correct formulz and 
sound data, then the fact of a boiler bearing a certain hy- 
draulic test, without leakage or distortion, ought to be ac- 
cepted as ample proof that such boiler is capable of work- 
ing safely for twelve months at half that pressure ; and a 
declaration should be granted accordingly. This arrange- 
ment would be found to agree in effect with the establish- 
ment of a reasonable minimum factor of safety, such as we 
have previously suggested. 

Paragraph 101.—Surveyors by this ‘* Instruction’’ are 
directed to report to the Board of ‘rade, for instructions, all 
cases of boilers, in which they find ‘‘that cast ironis employed 
in such a manner as to be subject to the pressure of steam 
or water.’’ Under such a rule, we apprehend, they would 
require to make such a report on almost every vessel they 
surveyed ; because, as a rule, all have stop and safety valve 
chests, made of cast iron, and attached to the boilers, and 
so in fact forming part of them. The needless character 
of this instruction is manifest, when it is considered that 
cylinders, covers, valve casings, &c., are made of cast 
iron, and all subject to the pressure of steam ; cylinders 
being, in addition, subject to the shocks and strains incident 
to the working of the engine. As regards safety, the 
failure of a valye. casing or door would probably be as 
fruitful of disastrous consequences as the giving way of a 
valye box on a boiler, Moreover, when it is considered 
that cast iron is in daily use in the structure of the engine, 
where it is exposed not to a simple statical strain only, but 
also to severe shocks and blows, it is difficult to see any 
reason why its use should be absolutely prohibited in con- 
nexion with the staying of a boiler. In certain cases it is 
quite admissible for this purpose, provided the. parts made 
of it are properly proportioned to the strain they have to 


ar. 
Cast-iron chocks and saddles for boilers have been in 
constant use for many years in the best of our mail and 
other steamers with perfect success. In some situations 
they have many advantages, and are generally the most 
convenient of application and the most easily removed for 
repairs, and it, therefore, seems unaccountable to us that 
your surveyors should be directed to discourage their use. 
padnpt paki pashcompuemenh tnahtech te topes af 
h, 8 empowe use 0! 
wraterial ; his sole business in this respect should be to 





any f 
see that the parts are properly arranged and of proportions 
suited to the material employed. 
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Paragraphs 103, 104, 105, 106.—The directions in these 
peompuete relate to safety valves ; and, although - may 
considered as eral instructions, they nevertheless 
contain provisions to which objection may fairly be taken. 
For example, although not directly stated, it is intended to 
be inferred, and as a matter of fact the inference is made 
and insisted upon by your surveyors, that all boilers are to 
have safety valves of at least an aggregate area of $ square 
inch per square foot of firebar, whatever their working 
pressure may be, ‘‘ except,’ to quote from the ‘‘ Instruc- 
tions,” “‘ in the case of very low pressures, when of course 
the area must be larger.’’ Now it is well established that 
the area required for the escape of a given quantity-of 
steam in a given time from a boiler is inversely propor- 
tional to the absolute pressure, and itis a fact that the 
prescribed 4 in. per foot of firebar, or thereabouts, was the 
area required for safety valves by your surveyors years 
roe when pressures were considerably less than half what 
the are now, and yet we are told that this rule ‘‘ worked 
w 


On what principle then are we, with these increased and 
nenene pressures, to be bound to use the same area of 
com / valves per square foot of grate as formerly? Why 
should your “‘ Instructions’’ take the old rule for low pres- 
sures, and for which it ‘‘ worked well,” and apply it to the 
safety valves of boilers carrying many times greater pres- 
sures, and yet profess to recognise, however imperfectly, 
the true theory, by req i r valves* “‘in the case 


of very low pressures f 
Paragraph 107.—This h relates to the use of 
spring-loaded safety valves, as such, bears on a subject 


in connexion with which engineers have been subj to 
more useless annoyance than in connexion with any other 
part of machi . Were it necessary, an immense amount 
of evidence on this point might be addueed, of which a large 
part may be found in correspentonss on this subject, in 
your possession. Your Board for a long time persistently 
opposed the ag or eae of such valves ; and when, under 
a ee this had to be conceded in a measure, their in- 

uction was still virtually opposed by surrounding all 
attempts in that direction bya series of the most harassing 
and needless requirements, with the effect of greatly post- 
poning the date of their generalintroduction. Some of the 
requirements which were originally insisted upon by your 
surveyors have now, apparently, had their true utility 
or want of utility ised; as we find they have no 
place in the present book of “ Instructions.” 

In this paragraph we are told that ‘‘ The Board of Trade 
have, under certain conditions, consented to allow spring 
safety valves to be fitted to boilers of passenger steamers.’ 
On what defensible pea was this ever refused? 

Then follows a list of conditions which, if complied with, 
the surveyor is directed that he ‘‘ need raise no question as 
to the substitution of spring loaded valves for dead- 
weighted valves.’ In regard to some of these, which are 
in all nine in number, we have to remark as follows : 

Condition 1.—‘‘ That at least two separate valves are 
fitted to each boiler.’’ Now referring to Paragraph 104, 
we are there told that it is a matter of indifference whether 
the required safety valve area be ‘‘ comprised in one valve 
or in two or more valves on the same boiler ;”’ yet, by this 
condition, having reference to valves loaded by springs, we 
are required to fit at least two. If one valve is sufficient 
to meet the requirements of the Act of Parliament, when 
weights are used as a means of loading, we fail altogether 
to see why two or more valves should be fitted, when the 
method of loading is by springs. 

Condition 6.—‘‘ That screw lifting gear be provided, to 
ease all the valves if necessary, when steam is up.’ Why 
should the easing gear be confined to screw lifting gear, 
when it is manifest that other a ments would be 
equally efficient? Moreover, we altogether fail to see the 
necessity of fitting easing gear to both valves in cases where 
two are attached to one boiler. 

The natural lift of safety valves, proportioned according 
to the “Instructions,” is so s at pressures now in use, 
that — ear applied to one of two of the valves ona 
boiler wo: provide an escape for the steam greatly in 
excess of what is required, or of what would be provided 
by the natural action under pressure of the two valves 
combined. 

Condi tion 7.—‘ That the size of the steel of which the 
Spring is made, is to be found by the following formule :” 

here follows the formula and coefficients). Now, we con- 
sider that the formula which is given when applied to 
springs of the best material and temper, gives a great 
excess of strength over what is necessary or desirable. Its 
application positively hinders the making of efficient spring 
_- _ safety valves ; because, ome peed) comes of stee 
as it requires, the requisite range of elasticity in the spring 
is difficult to obtain within reasonable ee A con- 
structive engineer may with advantage employ a formula 
for determ ' beforehand, approximately, the size of 
steel and other dimensions of the spring for a given purpose ; 
but the purposes of a Board of Trade survey would be 
much more effectually secured by the surveyor seeing the 
rir tested by a load, exceeding by a reasonable amount 
the intended working load. 

Condition 9.—‘* That when valves are loaded by direct 
springs, that the compressing screw abuts against a metal 
stop or washer, when the load sanctioned by the surveyor 
is on the valve.’’—Great stress has been laid on this by your 
al acting under direct instructions from your 

- Now itis no doubt n that the com i 
apparatus, after being screwed up, should be Seostigh with 
an appliance for fixing it securely in that position, and 
which will serve also as a guide to show when the required 

ison the valve; but many eligible appliances for this 
— have been condemned by your surveyors, because 
ey could not regard them as coming strictly under the 
tion of a‘ metal > 

By the Act of Parliament, 
® penalty is incurred by any one who “places an undue 


or washer, 
as explained in Paragraph 103, | part 
a 





weight on the safety valve of any steamship, or in the case 
of steamship surveyed under the Act increases such weight 
beyond the limits fixed by the engineer or.”’ Whether 
this ty be sufficient or not to insure the purposes of 
the Act as regards tampering with the load on safety valves, 
it is quite clear that no conceivable kind of ‘‘ metal stop’’ 
or other means of fixing the spring in positidn when screwed 









up can be so. Any contrivance of t Tcind that can be de- 
“one and applied by one engineefyecan be undone by 
another. 


# remarked on 


Such ‘‘ conditions’’ as those we h nu 
are also some of 


are quite uncalled for and obstructive,’ 
the remaining parts of P ph 107)... 

is whole matter of safety valves ought to be very 

i _@ comprehensive 


carefully considered, and treated 

manner. We cordially admit the p of testing the 
action of safety valves under s but after tnis has 
been done and they have been found ‘efficient, why should 
engineers be hampered by rules as dimensions, and 
as to the details of their construction? A surveyor should, 
of course, satisfy himself that the construction of the 
valve is such that it is not to out of order; but 
we respectfully submit that this, subject to a 
satisfactory test under steam, official inspection should not 


go In regard to steam we find that the 
* Instructions” require 8 perteotion action for spring 
loaded valves which is - ing | that the 
accumulation of pressuré must not exceed.10 per cent. of 
the loaded pressure. Now it can be shown that the dead- 
weighted valves, used in years, were subject to an ac- 
cumulation very greatly in excess of this; and yet it is the 
fact, and will be admitted, that they perfectly answered the 
of safety valves, It ought, therefore, in our judg- 


purpose 
ment, to be open to engineers, as far as your Board is con- 
cerned, to fit any number of valves and of any dimensions to 
boilers, and to construct them in any way | may think 
prog, puoriees ee the requirements of the Act of 
iament are fulfilled, and the efficiency of the valves is 
satisfactorily proved under steam. We also think that, in 
testing valves under steam, some latitude ought to be 
allowed to the surveyor. By the “Instruction” he is 
directed to continue the trial ‘‘ for at least 20 minutes with 
feeds and stop valves shut off.’’ This may in some cases be 
productive of inconvenience and delay, because the water 
may become so low in the boiler as to make it dangerous to 
continue the trial for 20 minutes. The trial, however, 
need not exceed 20 minutes; but this might be left to the 
discretion of the surveyor. 

Paragraph 114.—. . . . “All blow-off cocks and sea 
connexions are to be fitted with a guard over the plug, with 
a feather way in the same, and a key on the s r, 80 
that the spanner cannot be taken out unless the plug or 
cock is closed.”"—This is a very useful fitting for cocks 
placed below flooring plates ; and to these its application 
should be limited, as it will only fulfil the intention of the 
rule when the position of the cock is such that the spanner 
must be shipped and unshipped every time the cock is used. 

Paragraph 115.—*‘ Spare gear and stores to be carried.” 
—Hitherto this has been left to the judgment of the ship- 
owner or his advisers; and we are not aware of any ne- 
cessity having arisen for interfering with the practice. 
Further, from the varying > ~ of engines, it is utterly 
impossible to prescribe for indiscriminate application a 
general list of spare gear, which shall contain the articles 
really most likely to be required in each parti case ; 
and the general effect of this rule will be that the ‘‘ Board of 
Trade list’’ being carried, nothing further wi!l be supplied. 

Paragraph 116.—In this ‘paragraph rules are given for 
finding the diameters of main, tunnel, and propeller shafts ; 
and it is directed, that such ‘‘ rust not be passed’’ by the 
surveyor if the diameter is less than found by the rules,”’ 
without previously submitting the whole case to the Board 
of Trade for their consideration.” So far as we are aware, 
this is the first attempt to prescribe to engineers definite 
proportions for some of the parts of marine engines. We 
cannot understand on what principle shafts are singled out 
to be thus specially dealt with. It is evident that, if such a 
course be entered on by your board, you cannot stop at 
shafts, but must be to give similarly detailed in- 
structions with rd to many other parts of the ma- 
chin It would be a most serious impediment in the 
way of improvement were engineers tied down to construct 
engines in accordance with such rules. _ . 

ith respect to the rule now in question, as regards its 
own merits, we would observe that it is a distracting one. 
It does, no doubt, fairly enough represent the present 
general practice as to proportioning the shafts of ordinary 
two-cylinder engines. In some cases, however, the size it 
prescribes would bejtoo small ; while in others, of which 
most obvious are paddle and geared screw engines, it would 
be unnecessarily large. Such points, we are certain, 
would be better left to the judgment of a surveyor who, 
knowing all the circumstances, ought to be competent to 
form a sound opinion. » 

We might pursue our comments further on some minor 
matters touched upon in these ‘Instructions,’ but we 
believe we have now, in accordance with your wish, said 
enough to justify the representations made to you by us on 
the 25th of February. 

Generally, we respectfully but strongly de ite the 
attempt to cramp surveyors in the exercise 0 their pro- 
fessional judgment, an the engineers of this ome. 
the preparation of their designs, by a set of rules which 
cannot take cognizance of the necessities of cases, 
or the change of circumstances which must always 
accompany any step made in advance. 

‘* Under these ci ces” (to quote from our 
Memorial of 9th February last) ‘‘ we trust the Instructions 
referred to may be consi and revised ; and we venture 
to offer the suggestion, that in this revision who 
are outside of official position should be invited to take 


We are certaip thf many engineers of known and 





acknowledged amy would be 
in frami e tions while adapted to 
potecoy safety of ele, would not unn : 
harass trade, and would not impede the 
ht be naturally expected from 
vidual enterprise and ability.” 
e are, Sir, your obedient servants, 

i we of Messrs. Denny and Company, 
James T. 

Greenock 


n. 
Caird, of Caird and Company, 
ree! , 
John Napier, of R. Napier and Son, Glasgow. 


willing, if invited, to assist 
which 


which 
mi ‘action of 
in 











Signed < Haz. R. Robson, of David and William Hen- 
ign derson and Com , Glasgow. 
Dayid Rowan, of David Rowan, Glasgow. 
John Scott Rowan, of Greenock Foundry Com- 
, Greenock. 
Jo K. Jamieson, of yoke sa and Com- 
Ww, and Convener. 
ciao, Sarees mee 
Tue SrupEents or THE INSTITUTION oF CIVIL 


ENGINEERS.—The first annual dinner of the members of 
this class was held last Thursday week at the St. James’s 
Restaurant—George Robert Stephenson, Esq., President, 
in the chair. The meeting proved quite a success, and a 
very Bp eames evening was spent. Students can see a de- 
tailed account of the Botendle sue at the Institution. 

Mip.Lanp Rattway Company—New CARRIAGE AND 
Waaon Department, Dersy.—From a number of com- 
petition d and tenders for hydraulic plant for these 
works, submitted by several of the firms who make this 
branch of machinery a speciality, those of Messrs. i 
and Platt. of Gloucester, have been selected. We sh 
shortly be enabled'to illustrate some of this plant, which 
includes pumps, accumulator, foundry and smiths’ cranes, 
wheel lathes, lifts, &c. 


METROPOLITAN NuIsANcEes.—Last week the Islington 
Vestry were summoned to the Clerkenwell Police Court for 
causing a nuisance in Holloway. It appears that some time 
ago the vestry purchased, from the Northern Railway 
Company, a large piece of ground adjacent tothe line. On 
this spot the _—— all other refuse of the parish, witha 
porelatpa of above 200,000 persom, has been 6 

he immediate neighbourhood is densely crowded with a 


















r at the of whose, houses this deposit 
apek e smell is of the most offensive and dangerous 
charac , and has been intensified by” the recent hot 
weather. Although memorials have been laid before the 
Scientige ridence waa ren ae TAR cxultaey. doagers 

en was. as to, sani rs 
ctor GL Rh napa the.cnse. fe nisi a moet 

him I case for. . is a mos' 
instructive evidence of the rate at which local authorities 
move in ry. and : are to be 
trusted to carry Gubieuc 1 - "This case should 
afford a hint Government in the preparation of 


future sanitary measures. 


THE PROTECTION OF CANTERBURY CATHEDRAL FROM 
Firz.—On Monday and Tuesday last, a series of trials 
with one of Merryweather and Sons’ patent steam fire 
engines took place at Canterbury Ca . The engine 
was housed in the Cathedral-yard, and at a given signal it 
was brought out to the Clock Tower, the fire was lighted, 
the whole of the hoses connected, and in the space of ten 
minutes a jet of water 1# in. in diameter was projected at 
the rate of 500 gallons per minute over the pin of the 
tower, a height of upwards of 130 ft. Ultimately two jets 
were thrown, and both these went far above the face. 
This was but a light test as to the power of the engine, 
which was then taken to the rear of the main tower, which 
is 230 ft. high. The hosing, upwards of 400 ft., was 
over the roof, on which a man was stationed to hold the 
branch pipe, to which was affixed a nozzle 1} in. in diameter. 
The engine was again started, and the jet overtop wy 
10 ft the high pinnacles, making a height of 310 ft. 
more severe test than this has we believe never been made 
certainly not with such successful results. The engine did 
this work with the greatest ease, steam blowing off the 
whole time. The whole of the available water supply of 
the city—which is excellent—flowing from a recently con- 
stru reservoir, together with that of the cathedral, was 
brought into requisition. The engine was one of 
the type supplied by Messrs. Merryweather to Manchester 
and Live 1, towns which have been recently quoted 
before the Parliamentary Committee now sitting as age | 
excellent fire appliances. The engine was brought down ai 
the desire of Mr. Austin, surveyor to the dean and chapter, 
the authorities sparing neither trouble nor expense to pro- 
tect most thoroughly the historic edifice under their charge. 
Since the fire of 1872 the ‘‘ plumber’s } a which near] 
caused irreparable mischief, hes been dispensed with, = 

” wri 


for repairs to the lead roof ‘‘ an ingenious machine, 
Dean Payne-Smith, under date June 5th, “‘ is used which 
turns a jet of gas upon the parts to be ired.”” This 


machine is also from the works of Messrs. Merryweather. 
Both on Monday and Tuesday the p ings were watched 
with much interest by the Very Reverend the Dean, 

bers of the chapter and ing representatives of the 
city authorities, and considerable satisfaction was expressed 
at the result. It may now be considered a settled fact, that 
the height of our cathedral towers is no longer a bar to their 
efficient protection against fire. Steam engines have this 
advantage over tanks such as that which caused so sad a 
disaster at St. George’s Hospital. They are readily acces- 
sible for examination, can be taken to any required point, 
and project to the required height with immense force. The 
contents of a tank, however, only distribute with full force 
at the lower parts of a building. 
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THE BOOMER AND BOSCHERT PRESS. 


Tur Boomer and Boschert press, of which we subjoin an 
engraving, consists of a neat combination of toggle joints 
and a right and left-handed screw. As will be seen from 
our engraving, the follower of the press has fixed to it a 
strong standard which slides in the headpiece uniting the 
tops of the columns, and which not only serves to keep the 
follower in a horizontal position, but also prevents any end 
movement of the screw by which the toggle joints are 
actuated. Between the follower and the headpiece of the 
sty are a couple of pairs of toggle levers, which are actuated 

y a right and left-handed screw as shown, this screw being 
turned by handwheels or cranks until the follower is fairly 
home on the material to be pressed, and the final pressure 


THE LOCOMOTIVE 


“LION.” 


BUILT BY MESSRS, FOSTER, RASTRICK, AND COMPANY, STOURBRIDGE, IN 1829. 








being then applied by turning the screw by means of the 
hand lever and ratchet wheel at the centre. When desired 
the press can be worked by power, a convenient mode of 
operating in this case being to drive the screw by an endless 
chain passing over a chain wheel at one end of the screw. 

The press is adapted for a variety of purposes, such as 
for pressing cloth, paper, &c., and while very simple it is a 
very powerful and convenient arrangement. The press is 
being made in this country by Messrs. Crossley Brothers, 
of Manchester. 





A RAILROAD RELIC. 

Amono the mechanical curiosities exhibited at Phila- 
delphia are a walking beam, wheel centres, and a few other 
details, all that remain of the old locomotive “ Lion,” which 
ran for the first time upon the railway of the Delaware and 
Hudson Canal Company’s railwayon the 12th of June, 1629. 
This railway was the third built in America, the first having 
been constructed near Quissey, Mass. This was 8 miles in 
length, aud was commenced in 1827. The gauge of this 
road was 5 ft., and the rails consisted of pine 12 in. deep, 
covered with oak planks, and protected by flat iron bars. 
The rails were laid upon granite sleepers, 7 ft. 6 in. long, 
and placed 8 ft. apart. The second railroad was commenced 
later in 1827, and extended from the Mauch Chunk coal 
mines to the Lehigh River, 9 miles distant. This was a 
gravity worked line, the empty cars having been hauled up 
by mules. 

On the 4th of July, 1828, the works of the Delaware and 
Hudson Canal Company’s railroad were commenced, and 
Mr. E. L. Miller, of Charlestown, and Mr. Horatio Allen 
were sent to Europe to study what was being done at that 
time in England. During their stay, Mr. John B. Jervis, 
then chief engineer of the Delaware and Hudson Company, 
sent over orders to procure rails and three locomotives for 
the new work. 

These instructions were duly carried out, and the “ Lion” 
was the first of the three engines shipped to New York, 
where it arrived about the middle of May, 1829. The 
es illustration shows the arrangement of the 

e. It had four coupled wheels driven by two vertical 
cylinders, with 36 in. stroke, placed at the back, on each 
side of the boiler. The motion of the piston was transferred 
through two grasshopper beams to the connecting reds and 


= 


% 





crank pins in the wheels, 
was cylindrical, was 16 ft. 6 in. including the furnace 
and smokebox. The machine was built by Messrs. Foster, 
Rastrick, and Co., of Stourbridge. After some time the 
engine was abandoned on a t of the imperfections in 
the road, and it was finally taken to pieces and the different 
parts utilised. The boiler was worked for many years 
afterwards, 








BRISTOL MINING SCHOOL. 

Mr. Wiiu1aAm Moraans, of Elm, Somerset, a former 
lecturer on Engineering at the Bristol Mining School, 
entertained a party of students connected with the 
latter Institution on Tuesday, and guided them over 
the North Somersetshire coalfield, visiting the most im- 

rtant works. The party arrived in Frome, from 
3ristol, at 10.40, and drove to Vobster Pits, where they 
were introduced to Mr. C. A. Harrison, the manager, who 
explained to the students the position of the coal measures 
in this part of the coalfield, and illustrated his observations 
by plans and sections. He succeeded in making ve 
the fact that at the elevation of the Mendip Hills the coal 
strata at the northern end of the field were bent upon 
themselves, thus producing the remarkable occurrence of 
the same seams repeated in the inverse order. In a short 





The length of the boiler, which 
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evidence supporting a theory he advanced to account for 
its occurrence. Diagrams illustrating the masses of moun- 
tain limestone overlying the coal measures in this district 
were shown, and the position of these masses explained as 
ee boulders during the sudden elevation of the Men- 

ip Hills. Plans of the workings, which are upon the 
Longwall system, so favourable to the economical removal 
of thin seams, were placed before the students, the position 
of the roads, the arrangement of the working faces, the 
methods of economising timber, and the cost of exploita- 
tion were described in great detail.’ The splendid collection 
of coal fossils belonging to Mr. McMurtrie were looked at 
with great interest by the students, after which they re- 
turned to Bristol, arriving safely at 8.40, having fe | one 
of the most instructive days they have spent this session in 
out-door work. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Visit of South Wales’ Engineers.—On Friday last, the 





members of the South Wales Institute of Mining and Me- 


clear | chanical Engineers paid a visit to the South Yorkshire coal- 


| field, for the purpose of witnessing the operation of some of 


| 


the mechanical and colliery appliances peculiar to the dis- 
trict. They had previously been in the Wigan and Worsley 
district of Lancashire. They first went to the Church-lane 


address to the students he pointed out the advantages of a | pit of the Dodworth Silkstone Coal and Iron Company 


scientific education to the miner, and urged the necessity of 
untiring exertion to master the many complicated theore- 
tical problems, combined with close observation, on all 
possible occasions, of practical works. He laid stress upon 
the necessity of a thorough knowledge of the principles of 
ventilation. The students next visited the celebrated masses 
of mountain limestone which lie above the coal measures, 





nv 


and which render possible the — of a pit in carboni- | 


ferous limestone, and working underneath. he 


Newbury and Mackintosh Pits, under the men 
of Mr. John Batey, were next visited, and ‘orded 
many objects of great interest to the yo men. Ad- 
mirably execu sections of the coalfield were first 


shown them by Mr. Batey, after which the particulars 
of the winding, pumping, ventilating, and coal washing 
arrangements were ably described and noted. The 
pumping engine which has been recently erected was 
manuf at the Hayle Foundry, and bears the excel- 
lent proportions and admirable finish so characteristic of 
all work executed by the firm. The Guibal fan, which is 
in course of erection and near completion, was well ex- 
amined, and proved a very instructive example of modern 
ventilative arrangements. Blake’s stone-breaker and Carr’s 
disintegrator, objects of great interest to mining students, 
were seen in action. The party, accompanied by Mr. Batey, 
then proceeded to Edford Colliery, and were refreshed by a 
luncheon very kindly provided by Mr. Geoffrey Morgans. 
The Darlington and the Burleigh rock drills and air com- 
pressors, employed so successfully in driving at this colliery, 
were described by Mr. Morgans, who also showed the 
Mowbray fuses and the apparatus by which the elec- 
tric c required to explode them is accumulated. 
Mr. McMaurtrie, mineral mt of the Countess of 
Waldegrave, having responded to the request of the 
managers of the school to receive the students and give 
them the benefit of his very extensive experience in work- 
ing the thin coal seams at k, consented to meet 
them, but in consequence of the hard day’s work they had 
had to perform, they were prevented from keeping the ap- 
pointment as regards time. 
pointed a time at which he would meet. them. By the as- 
sistance of maps and sections he ably demonstrated the 
relative position of the strata in the Bristol coalfield, after 
which he ined the ove fault by which the seams of 
coal are di ted and brought underneath themselves con- 





trary to the general rule, and pointed out the geological 





With great kindness he re-ap | 


t | 


(Limited), and some of the party went down the shaft. 
Afterwards, the Oaks Collieries of Charles Cammell and 
Co. (Limited) were inspected, a large proportion of the 
whole party descending the shaft and into the underground 
workings. Thence they were driven to the new Corton 
Wood Colliery, which is being opened out on a very exten- 
sive scale. After a good luncheon at Barnsley, other new 
pits were visited, and the party returned to Manchester by 
the last train in the evening. 


West Yorkshire Miners’ Wages.—At a conference, held 
at Leeds yesterday, between the West Yorkshire colliery 
proprietors and their men, it was agreed that the latter 
should at once accept a reduction in wages of 12} per cent., 
no further alteration to be made for three months. 


Extensions at Aldwarke Main Colliery.—At the Ald 
warke Main Colliery, Parkgate, another downcast shaft is 
being sunk near the line of the Manchester, Sheffield, and 
Lincolnshire Railway Company, to the Kent’s thick coal 
seam, which is about five feet in thickness, and lies at a 
depth of 80 yards. It is not being generally worked in the 
locality as yet. The present upcast shaft will also be used 
for ventilating the new pit. ‘To the south of the existing 
shaft another downcast shaft, 18ft.in diameter, is being 
sunk to the Silkstone seam, which is about 6 ft. thick at this 
point. The upcast shaft in connexion with this sinking has 
not as yet been commenced. 

Another Colliery Explosion near Sheffield.—On Monday 
morning, between six and seven o’clock, an explosion of 
foul gases took place in the extreme low south-east work- 
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ings of the Birley Vale Colliery, near Sheffield, by which 
six men were killed and a good deal of damage done to the 
workings, &c. It is freely stated that naked lights were in 
ordinary use in the pit, and that the coal was got by blast- 
ing. Nearly 800 men were employed in the colliery. 


The Leeds Water Works Extensions.—Ata special meet- 
ing of the Leeds Corporation Water Works Committee, 
held on Friday last, it was resolved to apply to Parliament 
for additional powers to extend the water supply of the 
borough. The Eccup reservoir is proposed to be e ed 
by the addition of a new embankment, 76 ft. in height and 
200 yards in length, which would secure an addition of 900 
million gallons to the present strength. The cost of this 
embankment, with the additional land required, would be 

| something like 65,0001, 
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THE THEORY OF RETORT SETTINGS.* 
By Mr. W. RicHArDs. 
Tx importance of the subject I have chosen, is, for the 
of gas, hardly susceptible of exaggeration, 
ing of retorts, alike depend the 
my of gas, the economy 
of fuel, cost of wear and tear of the a tus used in car- 
bonising, the saving 0! ‘ various other ad- 
vantages which contribute to the prosperity of a gas com- 
pany. 

‘Although I am aware that the question has engaged the 
attention of some of our most intelligent members on 
former occasions, nevertheless I am of opinion that it has 
not been exhausted, and as my intention is to enter 
principally into the theory of the subject, in most respects 
my communication will differ from those of my pre- 
decessors. Necessarily, there will be much introduced 
to your notice with which you are acquainted, and 
perhaps assertions made contrary to the generally ac- 
cepted opinions, but as my only desire is to contribute 
towards our general stock of knowledge, for any deficiencies 
or errors I must crave your ind ce. 

Connected with my subject there are four distinct points 
for consideration: 1. The most advan ms method of 
obtaining the caloric requisite for carbonisation. 2. The 
best means of conducting this to the retorts, and_conse- 
quently to the coal undergoing distillation. 3. How to 
prevent the heat passing off uselessly from the ovens to 
the atmosphere ; and, lastly, how to avoid unnecessary loss 
of caloric by radiation, either from the foundations or the 
exterior of the benches. 


mani 
since, on the proper 
table action and 
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With regard to the first consideration, that is, the most 
advantageous method of obtaining the caloric, the princi; 
requisite is a proper draught or current. For this object 
the passage into the furnace at the ash pans should be clear, 
the flues of ample dimensions, and the stack of suitable 
height and internal area. The next consideration is the 
kind of fuel employed, whether this be coal (which, how- 
ever, is rarely used for the purpose) or coke from cannel 
coal, or that obtained from caking coal. 

When employing coal as fuel, the area of the furnace will 
be required of sufficient capacity for the admission of a 
proper supply of atmospheric air, to intermix with the 
volatile constituents of the fuel; by this means flame is 
produced, and the smoke which would otherwise exist is 
avoided, so preventing the loss of heat and other incon- 
veniences. en coke from cannel coal is used for the 
purpose in question, then in q’ of the t of 
ash intermixed therewith, and consequently a less vivid 
combustion, a comparatively large Pagey be required, de- 
manding a furnace of large dimensions, so that the intensity 
of heat acquired by the coke from caking coal is com- 
pensated by the quantity in a less intense degree derived 
from cannel coke. On account of the uncertain proportion 
of volatile matter es the various coals in the 
furnaces, and the indefinite proportion of ash in cannel 
coke, I am led to believe that no definite rule can be applied 
in the construction of furnaces for these materials. 

This, however, is very different with coke derived from 
caking coal, which generally contains considerably less ash 
than that from cannel, consequently contains a greater 
quantity of carbon, and is more uniform in its composition. 
pres nt this aa hing fixed, the supply of Lanes 

mired o r regularity, a in uantity 

than when comeing coal. Therefore, for this kind of 
fuel, a furnace of small area and great depth becomes 
necessary; the principal advantage of the deep furnace 
being that the air in its passage is heated to an intense 
degree, which is subsequently disseminated throughout the 
oven. The steam from the ash pans is likewise decom- 
= when passing though the incandescent fuel, and 

ee aye & source of — 

coke from caking ing uniform in quality, as 
stated, admits of Seabed nireie weer ph ato 














* Paper read before the Britsh Association of Gas 





struction of furnaces of settings heated by it, and in the 

absence of a better (for so far as I am aware i 

the kind has yet been made public) I vers ae 

the area of the furnace at the level of the firebars should be 
mal to one square foot per ton of coal carbonised per 

+ aml from this would have to be deducted the space oc- 

cupied by the firebars. These are usually made of 2 in. square 

enn py bar, —— — bey oh eee 

su) on wrought-iron bearing 3 one being 

sufteient for each uare foot of furnace. 

Following this rule for a bench of three small retorts 
carbonising a ton of coal day, the furnace would be 
required 2 ft. 4 in. long and 5in. wide. For a bed of five 
or six retorts carbonising 2 tons it would be 36 in. long and 
8 in. wide, having two bars, and for a third of eight 
retorts distilling 3 tons, the length of the furnace will be 
8 ft. 6in., and 10 in. in width, provi hree bars. 


with t 
_ The depth of the furnace in all cases being equal to twice 
its width, splaying at the sides, so that at the top it shall 
be one-third wider than at the bottom, I may add that I 
find these measurements correspond with the constructions 
of some of our first engineers, and therefore submit that 
they be considered correct, and thus put an end to a ques- 
tion which seems to have occasioned some trouble to Dr. 
ening, on account of the varied dimensions employed by 
Gelxe as described in his excellent work on 

The next point for consideration, the best method of con- 
ducting the heat, is somewhat comprehensive, and embraces 
points on which engineers differ, therefore it will not be 
surprising if some of my statements are disputed by many. 
I must first observe that the caloric as generated, is con- 
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ducted in direct lines, radiating from the point of produc- 
tion, and necessarily in order to obtain the full advantages 
of this, no obstructions nor impediments to its free con- 
duction should exist between furnace and the retorts 
to be heated, except so far as may be absolutely essential 
to protect them from the most vivid action of the caloric. 
Further, for the sake of economy, the furnace should be 
placed as near as possible to the retorts. These remarks 
apply only to the heat conducted directly ; there is, how- 
ever, for consideration that conveyed by the draught 
or current passing through the oven, which may be termed 
indirect conduction. 

In all well-constructed ings, the current of heated 
air is retained in contact with the retorts for a time, in 
order that its heat may be absorbed in its transit, and thus 
as small a portion as possible of the caloric shall be per- 
mitted to pass uselessly to the atmosphere. This, as is 
well known, is accompli <odbe 3 iving a circuitous direc- 
tion to the current by means of o ctions and flues, but 
I am disposed to believe that frequently the application of 
these flues is strained beyond the points of utility or eco- 
nomy. In the plan of a bench of retorts which recently 
came under my notice, there were three flues under each of 
the lowest rts, and those which led into the vertical 
flue ran parallel, and in close contact with the sides of the 
furnace. Here undoubtedly the very opposite of the effect 
desired was produced, as the current in this case would 
obtain a degree of heat, t' h the wall of the furnace, 
which it would carry away. I venture to assert my con- 
viction that the importance of circuitous flues is much ex- 

ted, that they are frequently — and that 
after the current is conveyed to the end of the oven, ht 
forward and conveyed under the retorts to the vertical flue 
by Bn 6 additional , beyond this, no practical advantage 
is . 


For the purpose of explaining my views on the - in 
question, and pointing out advantages and what I con- 
sider to be defects in retort setting, there are dia- 
grams of different systems. 


there being c 
shields to protect the lower retorts, with which the furnace 
es ‘ate tact 


is in immedia‘ " 

extend the whole length of the 

current passing at those points. The slab B 
retorts extends from 

of the back, leaving an orifice of that length at 











formed from several sources, which opinions my own ex- 
PeFor the further of illustration I beg tten. 

‘or the er purpose a on ur atten- 
tion to Fig. 2, which will be i Pdf in bo 
bench of iron retorts as constru before those bat 


were adopted. The arch D over the furnace 
throughout the | of the , and is provided with 
nostrils E E at sides, for the of the current of 


heat, as indicated by the arrows. - And here let me request 
our attention to the marked difference which exists be- 
ween the two settings. 
In Fig. 1, as described, the heat as generated is con- 
ducted directly to the retorts, the current being but a 


secondary consideration. But in the setting i tion all 
the obstacles of arch, debe, Gnd shields opp the 
direct conduction, and 
primary consideration. 


uently the current is the 
Tucrdore, with all thie quensity 
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of non-conducting material it can hardly be surprising that 
the retorts were uently at too ws teen _ for 
was 


pyar, 3 whilst the interior of the furnace 
at a white heat. This was a frequent occurrence with this 
kind of bench, arising from the construction, sometimes 
through the nostrils being too small, or the side 

being too contracted, either as first built, or 
obstructed with the carburet of iron dish from the 
retorts. Figen sa a a the caloric is anger 
directly, the curren eat being a secondary " 
whilst in Fig. 2 the greatest impediments are mh cx 
direct conduction, and the current is the source of 
heat. I have the impression that with our present know- 
ledge, if we were compelled to resort to the use of iron 
retorts, that another and more rational method of heating 
them would be adopted, and that instead of having the 
fuel and furnace at a white heat, whilst the oo 
of the retorts was not more than 1500 deg. or 1 be 
that by ameatne the surface of the furnace, modula 

the degree of heat, avoiding all the obstructions to the con- 
duction of the heat, so assimilating the temperature within 
the oven to that in the furnace, under these conditions the 
retorts would be heated more uniformly and never be burnt 
out. A similar system to this is adopted by Mr. Spice in 
the manufacture of h nap pedety ened apergrcsscwe ye 
therefore, if applicable in one case, there is no reason why 
it should not be successful in the other. 

Fig. Ae presen the section of a bench of retorts as em- 

loyed, with some modification, in most of our e 
i this the arch of Fig. 2 is retained, and other, 
extending the length of the bench, and having the nostrils 
for the pas the caloric. The slabs and guard tiles 
tha oe — oe of pce sare Day terial, 
thus offering a mass non- ing ma » 
which, with cay | confidence, I assert must increase the 
quantity of fuel for carbonising to a serious extent. 

The arch, as applied in old settings, was to 
retorts from the action of the intense heat, w would 
rapidly destroy the iron, but why it is retained with clay 

ings I cannot understand. That su; for the central 


retorts are required we know, but for that , if they 
were made 9 in. or a foot , and at intervals of 
2 ft. yay these would be for the purpose. 

done communication furnace and the 


taler vm by “Tend ty cdapatt exo aie retorts, in 
yin ee , 
short, to preven’ then 
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ving them without support. 
experienced on account of the in- 
ferior description of retorts employed, but eventually others 


: 
e 


were obtained from a manufacturer of such excellent 
quality as to surpass all expectations. With these there was 
neither crack nor fissure throughout their whole length, and 
after having been in action for two or three years they have 
been taken down, and invariably in one entire piece from 
the bolt heads, where they were usually broken ; but in some 
few instances, the whole of the retort was intact, and they 
have been reset a second time, with the only defect that 
K4 the action of the scoop and rake they were somewhat 
r in the lower part. 
I am aware that my assertions must be received by some 
ent with a degree of doubt, but I assure you that there 
neither tion nor the slightest attempt at colour- 
ing in my statement. However, I must inform you that 
the retorts of only one firm that I ever met with 
approached this degree of excellence, and for obvious 
reasons I withhold the name. 

Retorts of this quality being produced, the question 
—. a is 2 that they = often oe decnete _ I 

nk rests with companies who generally desire to purcbase 
pom «| at foot run, whereas those I refer to are sold by 

ight, although much dearer in their first cost than 
the ee ee ane wee yet Sg joa ye 
nary advan m their use, absence of the 
transverse walis, the dbsinlsbet leakage, the reduced fuel 
required for carbonising, these, in the lifetime of a retort, 
ae Se extra cost a ee over, ont no engineer 
who experienced van », would ever, be in- 
duced to abandon them. — 

It may be asked, is it possible that only one particular 
firm is capable of producing these retorts, and is it only 
limited to Belgium? To this I will state that there are 
manufacturers in that country whose retorts are not eq 
to those made in England and Scotland, and I firmly believe 
that if paid for and if demanded, that all our first manufac- 
turers could and would uce retorts of the excellence 

hes closel, th T belie ue ‘ne 
approaches very closely ieve 0} y the 
admixture of nals the such a degree of excel- 


The manufacture of cla: Seve of Re en eee 2 
operation of great care. For the purpose, granulated burnt 
is intermixed with a portion of fireclay in a plastic 
state, and I have been informed that the smaller the pro- 
of the latter, the more suitable is the retort to 
withstand the action of the heat and to remain intact. On 
the other hand, as thus made, retorts are exceedingly fra- 
gile, requiring to be packed between battens in order to 
prevent their breaking during their transport, and are so 
soft that often the pi of burnt clay can be detached by 
pod vy nt oad Their expense is fi ~ increased by the 
» and in appearance they are more porous 
than iptions. From trials made with 
good retorts when cold, I have found them to retain gas at 
ordinary pressure ; therefore, in the ordinary acceptation 
the term, they are not porous but cellular, each cell be- 
dis as mted in the longitudinal section of a 
comb, and the mass of these prevent porosity. 
a visit I once made to the factory where the retorts 
+ ele wy 3 res ot ; by Ay Start bein 
or dough forming the retort bei 
treading upon it, and the small lumps, 
larger than a man’s fist, of which the retort 
t, were all kneaded by hand; and on inquiry I was 
that by these means could excellence be ob- 
i had been tried and abandoned on 
inferior quality of the retorts produced 
statement would a somewhat incre- 
were the men at their laborious work, and 
h idle. therefore no doubt 
shall be glad to know, at some future 
hints have been serviceable. 
iour”’ of the retorts, however, does not con- 
excellent quality, but also in the method 
» particularly in the absence of transverse 
by any movement 
I have no hesitation in 
hen imbedded in brickwork 
there is the slightest settlement ; 
preserve them is often the cause 
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brickwork is once heated to a certain that it offers no 


Perroesen S0-Ehetnee pammagect the Ww opinion 
Thas thie ie erroneous is made evident by the arch, slabs, 
and guard tiles ; as seen in Fig. 2, these were all 





ual | will the waste heat be 


the oven. Therefore the arch does obstruct the passage of 


Again, if we reflect on the + increase of fuel required 
to Yeap a given ayes 2 steam by any incrustation 
within a steam boiler, or the necessity o yasem, Aaary tubes 
in surface condensers, then we realise the prejudicial effects 
of the intervention of any superfluous non-conducting 
material, as well as providing the simplest obstructions for 
the passage of the caloric. All-important points to 
imitated in retort settings. ' 

But it may be asked, what becomes of the heat if it is not 
transmitted by the brickwork? To this I may ask, what 
becomes of the light from a lighted ‘‘ candle when placed 
under a bushel?” There are, moreover, laws connected 
with caloric with which we are unacquainted ; but, as I 
have endeavoured to show, whenever an obstruction to its 
free pass exists, it is proportionately ineffective, but 
when conducted with f to the desired point, then 
only is it applied economically. I may, however, state that 
heat, when obstructed, passes to the general block of brick- 
work, and even to the ground. 

The question may arise, how is it that these arches and 
transverse walls are retained if they are not requisite? To 
this may be replied, that we are very imitative and conser- 
vative ; the arch is retained from the old settings, the walls 
because our engineers will not dispense with them. For 
fifty years the lamplighters used to ascend and descend lad- 
ders every night and warning order to light and extin- 
gan the public lamps, the lighting rod employed in France 

rom the first establishment of gas in that country being 
utterly disregarded. Therefore, if the ridiculous system 
existed of causing a number of men to run up and down 
ladders nightly to no purpose, it cannot be a matter of sur- 
prise if the arches are retained. 

We now come to the next question, namely, the means 
of preventing the caloric passing uselessly from the ovens 
to the atmosphere, concerning which little will require to 
be said, although such is its importance that, within the 
writer’s knowledge, the success of a Continental Gas Com- 
pany was materially prejudiced during several years by 
inattention to the subject in question. 

For Ts loss from this cause, dampers are placed 
on the flues at the entrance to the mainflue. This, indeed, 
is the point of separation between the oven and atmosphere ; 
hence the smaller the orifice left open by the damper, so 
proportionately diminished. If the 
ae is left open beyond the necessary degree, a portion 
of the fuel passes off in a gaseous state to the 
atmosphere ; and with large orifices and strong ught, 
an incredible loss of fuel is the result, in consequence of the 
heat as generated passing with such rapidity as not to give 
time for its absorption—similar in effect to passing the 
hand quickly through a gas or other flame. 

An instance of the waste of fuel occurred at the Conti- 
nental works alluded to, where brick retorts alone were 
used, and singular enough dampers had never been adopted. 
This state of affairs existed for years, the consumption 
of coke for fuel being upwards of 75 per cent. of the pro- 
duction. When, however, dampers were placed and ad- 
justed, a saving of about half the fuel for carbonising was 
effected. In this case, although the works at the period 


he | the heat. 


were small, no less than four tons of coke escaped usel 
daily in a gaseoue state from the chimney, without a trace 
of the loss, except in the balance sheet of the company and 
the dividends of the shareholders. Therefore, to all inte- 
sane Se ~ ao ~ 1 production of , the damper, 
properly adjusted, is o: mount impo ce. 

The Leaner, as is pees is a fireclay tile worki 
ona flat slab having the orifice cut therein, both of whic 
should be nicely fitted. The opening communicating with 
the main flue is under ordi circumstances not more 
than one square inch for each mouthpiece, hence for six 
single retorts an opening of six square inches will be suffi- 
cient. In adjusting a per, it should be first closed to 
that point where the flame issues from the sight holes when 
on gradually opening until the flame ceases to issue then 
the proper egree of orifice will be obtained. 

The last consideration, the radiation of heat, from the 
exterior and foundations of the benches, as well as the in- 
fluence of the temperature of the surrounding atmosphere 
of the retort house, as effecting economical carbonising, 
also merits attention. Familiar illustrations of the means 
of preventing the radiation of heat exist in the domestic 
article called the “‘cosey,’’ which is met with on most 
English breakfast tables, as also the apparatus called the 
Norwegian kitchen. For the purpose of this paper I made 
an experiment with the former, by which I ascertained that 
when a teapot was filled with boiling water, the tempera- 
ture of the atmosphere being 50 deg., that in the course of 
32 minutes the temperature of ‘the water was reduced 
to 60 deg. But by repeating the experiment and cover- 
ing the vessel with the cosey only at the end of three 
hours and a half was the water reduced to the temperature 





stated. 

—— with the Norwegian kitchen, which is simply a 
en box with a lid lined throughout with felt, and 
containing a tin can. With this, a stew is parboiled, placed 
in the apparatus, and at the expiration of three or four 
hours the food is cooked and hot, whereas if it were ex- 
posed to the temperature of the atmosphere, the heat would 

only be sutainel a few minutes. 
ere are two remarkable instances showing the necessity 
i i resources, to prevent loss of heat 
and consequently loss of fuel by undue radiation from the 
benches, which can only be accomplished by making the 
foundations, the top of benches, all the walls, and even the 
@ thickness. No front wall of » setting 
should be less t lé4in., and if increased_to 18 in. the 
retorts will be heated to the mouthpiece. When the top 
of a bench is 2 ft. Gin. thick at the crown of arch a person 
can conveniently walk on it when the retorts are in action, 
but if only half that thickness wood will be ily charred 





when placed thereon. From this may be j neces- 


sit a wall in order to prevent loss of heat ‘by 
calls n. 

A retort house once came under my notice, where the 
arches of the were merely covered with sand, and 
this was so hot that a piece of wood placed thereon was 
immediately c The front walls of the benches were 
only 4} in. thick ; by this means the manager conceived that 
the retort would be better heated towards the mouthpiece, 


be | whereas the reverse was the case on account.of.the exces- 


sive radiation. I need hardly say that the retort house 
was of the hottest, and the fuel excessive, which 
must always occur when excessive radiation is permitted, 
and by such means the loss is just as positive as in allowing 
the coke to up the chimney, or its money value to be 
thrown in the depths of the ocean. 

I have now to request your attention to the influence of 
the temperature of the atmosphere on heating retorts. 
This, Ithink, is a question which has received but little 
reflection, although some years ago when ventilating shafts 
were first introduced into a metropolitan retort house, their 
effects on the heat as well as the increased fuel requisite for 
carbonising were fully ised. 

Since that period, however, our engineers, with a very 
laudable consideration for the comfort of the stokers, as 
well as providing storage for the coal within the building, 
have increased the magnitude of their retort houses to 
such an extent, that beyond a few feet from the benches the 
temperature is about the same as the external atmosphere, 
and it follows, under such conditions, that external radiation 
must be increased. It becomes, therefore, a question of the 
comfort to the workmen, and the economy in transporting 
the coal, against the increased loss by radiation. 

he experience acquired, however, at Beckton, where 
their first retort-houses are 90 ft. in width, and the more 
recently constructed have been increased to 100 ft., would 
lead to the conclusion, that the loss on this account cannot 
be material, but circumstances which occurred to myself 
impress me with an opposite opinion. 

Some years ago, being engaged in the construction of a 
new work abroad, having everything ready, except the roof, 
of which the principals and laths were placed, the sheets 
for covering not having arrived ; the directors of the com- 
pany being anxious to commence operations, and the climate 
favouring the idea, I resolved to commence heating the 
retorts (fortunately, some days before the intended inaugu- 
ration of the works) without the roof being covered, which I 
had previously done at another locality with success. Under 
ordinary circumstances the retorts should have been ready 
for charging at the end of 48 or 60 hours, but day succeeded 
day, the heats being favourable towards the evening, giving 
hopes of charging the following day, when no advance was 
made. Of course I attributed this to the neglect of the 
stoker, and resolved to be convinced by my own observa- 
tions, and to my astonishment, from midnight to daylight, 
in spite of proper firing, the heats lowered in a very remark- 
able manner. : 

No time was to"be-lost, as tickets of invitation had been 
issued, the bishop of the province had consented to officiate, 
bands of music had Se engaged, and refreshments 
ordered for the occasion (for] that is the style of inaugura- 
ting gas works at some places abroad) ; so in the absence of 


lessly | any other material, I covered the roof (of about 25 squares) 


with calico, which was the work of a few hours, when the 
heats of the retorts reached speedily the desired point and 
all went well. In this case the variation of the tempera- 
ture did not exceed 15 deg., yet that was sufficient to pre- 
vent the retorts heating. 

From this we learn the necessity of having the interior of 
the retort house as warm as convenient with the comfort 
of the workmen, in order to prevent undue radiation. 

I have had the temerity to dispute the necessity for the 
arch over the furnace, as well as the transverse walls which 
are found in large works, and I hope sufficient reasons 
have been given for my objections. I wish now to call your 
notice to the results. 

As a means of comparison I may observe that in the 
smallest gas works the whole of the coke made is con- 
sumed as fuel, but as they increase in magnitude so does 
the quantity of coke available for sale, until reaching those 
of medium capacity, when 70 per cent. is sold, the other 
being employed for ye | Judging from the gradual 
increase of coke sold from the to medium size 
works we would naturally conclude that in large works, 
where a greater number of retorts are set on a bench, 
where the heat is more concentrated, and where the retorts 
are double, that the fuel account would be considerably 
more favourable than in medium works. This, I believe, 
is not the case, and in the absence of some better reason, I 
think it may be due to the arch so generally adopted in large 


works. 

Unfortunately there are difficulties in the way of ascer- 

ining the best settings of retorts, on account of the 
variable quantity of coke yielded by different coals and from 
the method adopted by managers in selling the same. In 
some places the coke is sold with rigid by measure, 
whilst in others it is delivered by weight, an others again 
without due regard to its value. Under these varied con- 
ditions a proper estimate cannot be obtained, nor can a 
full and correct estimate of any description of setting be 
arrived —" But ° —< — the sep cys e Nee 
generally, there is t wor no uce 
a more favourable fuel account than smaller establishments. 
Of the cause of this I have ventured to give my opinion, 
for whatever it may be worth, 


Conclusion. 


I conclusion I must apologise for exp’ opinions in 
direct opposition to the ice as usually followed, but 
having given my reasons, I think there is room for reflection. 

T submit that a proper consideration of all the points re- 
ferred to is indispensable for economical carbonisation, and 
more i in dispensing with the arches over the 











urnaces represented in Fig. 2 and 3, as well as the cross 
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into ; 
¢ y therefore naturally be asked, why are 
thése cross walls retained in England? and I think the 
answer will be, ‘‘ Imitation.” ‘ 

am. aware that many attach but little importance to 
damper, ‘To these, I advise immediate attention to 
point, which must result in a more satisfactory fuel 


account. 

su is very comprehensive. Much more might be 
wilt on, but having reached the limit of time usually 
é for communications, I. conclude, with my sincere 
thanks for your kind attention. 





. AMERICAN LOCOMOTIVE BOILERS. 
Report on Boilers and Firebowes to the American Railway 
Master Mechanics’ Association. ' 
(Concluded from page 531.) 
sf bans THE BEST poe AED. maenepesons. eens 
our investigations of the above subject, your 
directed er eon 7 the ia! Leoerene ae 
changes in the form and proportion e ordinary 
and firebox’in use were requisite in order to obtain 
— ahd more economical results in the consumption of 


In the replies received, no material change in the form of 
the boiler or firebox is recommended from that in gene: 
use. For anthracite coal the long and comparatively 
shallow firebox is considered the most economical, and for 
the use of bituminous coal a large and deep firebox is 
almost universally conceded to be the best. Those who 
have had considerable experience in the use of what is 
known as the Weston boiler, state that this form of boiler 
has not proved to be more economical in the use of coal 
than the ordinary plain firebox. The same statement is 
also made in to that form “known as the Jauriet 
firebox. In d ing the form of a firebox, it should be 
borne in mind that a bon portion of the heat received by 
the heating surfaces is radiant. That is, it is not carried 
to the sheets by currents of heated gases, but is received 
as rays, the same as light, and these heat rays will not 
bend around a corner any more than the rays of light. 
Now if a water table or brick arch is placed in the firebox, 
these heat rays that come from the fuel in combustion on 
the grate will be cut off from the upper forward portion of 
the firebox, those parts being in the shade, as it were, as 
regards the rays that emanate from the vicinity of the 
grate. Inthe case of the water table, its lower surface 
would receive these rays, cut off from the upper ; and 
the brick arch would reflect them to the sheets of it. 
Yet, on the whole, nothing is gained by the use of either 
arrangement, so far as the radiant heat from the combus- 
tion going on in the lower part of the firebox is concerned. 
To that principle, then, we may attribute the fact than an 
increase of heating surface is not always followed by a 
corresponding increase in beneficial its. The opinion 
exptessed, howéver,.is almost unanimous that a 
ps i igen result in increased economy in the consumption 

Some recommend that the firebox be jhened as much 
= the ne A drivi rs anes yg it totes at 

expense of shortening the 8 extent, where 
bituminous coal is used as fuel. Your committee do not 
eonsider that. mere opinions on such points are of much 
value unless based upon the results of careful experiments, 
and no data of this sort have been furnished us; therefore 
we can form no conclusion as to-the exact number of feet 
of firebox heating surface and tube surface best adapted 
to furnish steam economically for a given size of cylinder 
in a given time. This matter is one of as much or more 
importance than any other in furnishing power ; and at the 
same time our positive know as to the best propor- 
tions, area of firebox, length, size, and number of tubes 
that can be arranged and adapted to the present style of 

} es in use in this country, is upon any 
the loco ti oe Are oe mee se 

motive. © propo as now 

adopted for boilers intended to burn bitumi coal the 
best possible? If not, what should they be? Should the 
firebox be longer, or shorter and wider, and how much? 
Where is the limit? Would it be economical to ~—— 
the firebox at the expense of shortening the tubes? If so, 
to what extent? Is a three-inch water-space on the side of 
& firebox more economical in the use of fuel than a 3} in: 
space? Should the side sheets of fire curved 
outwards above the frame, or 
straight and vertical, or should t¢ incline toward the 


F 


centre at the top, proportionally 
crown sheet ? Travan des apie neces 
thomecives, but we have been unable to obtain any infor- 
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in thi’ report, used for the-purpdse.. As before stated, 
this water pace fofmed one side of « square box, wi 
the*top of the grate one inch above bottom. 
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be d ; nor vapour seen. “As the heat increased 
and the water boiled, the size of the steam. globules in- 
creased also, and in their ascent they extended farther out 
into the column of water, and the greater the heat and vio- 
lence of ebullition, the farther these steam globules seemed 
to be repelled from the sheet where they were formed, 
the more thoroughly they mingled with the whole body of 
water inthe space. Themotion of these steam globulesseem 
to be, to a considerable extent, independent of the motion 
of the water through which they ascended, as could 
be determined a particles 
boiling water. e princi itati 
the top, mostly in the first two inches in depth, that below 
remaining comparatively quiet, so far as currents were con- 
cernéd, notwithstanding the clouds of steam globules that 
rolled upward through it, often in graceful curves, the 
same as if floating through air. 

As stated above, when ebullition was the most violent the 
steam globules were st, some of them as large as.} inch 
in diameter, seeming come out from where immense 
numbers of smaller ones were passing upwards, and to have 
been formed from a number of smaller ones, as a large drop 
of water results from the union of smaller ones. The large 
round globules would sometimes strike the outside sheet 


ra] | and rebound, or roll along the sheet upward, then boundi 


from it back through the water as if highly elastic, as 1 
ing through air, and disappearing at or néar the sur- 
Face. The large globules referred to were not seen to form 
at any point,except where the temperature of the sheet was 
pode ay the greatest, about the 
coal on the grate, or a little above that. "When the water 
boiled slowly, the best opportunity was offered for obser- 


vation. 4 

At such Lge be B ged globules, ascended in a am 
stream near the sheet, when cular, gradually di- 
preg bey it as they vomed As ten until at that point 
they filled the entire water-space. When the wa’ 
was inclined toward the fire, the globules took a vertical 
direction and diverged from the sheet more rapidly, and 
when the incline was outward, or from the fire, the ten- 
dency of the globules was to up in close ore 
the sheet until near the top, when in all cases they diverged 
Seasell or was tanh Rasiondig, 6 toes toeuan eons tae 

, or Was , it was always o 

wherever there was a spot on the surface of the sheet that 
was ectly clean and clear of the usual hard scale of 
sheet iron, the clean raw iron being in contact with the 
water, that at every such spot steam globules were 
thrown. off in continuous streams, like the leak» ge of steam 
through a porous substance, while at all other of the 
surface where the sheet had the usual smooth, hard iron 
surface, scarcely any globules would be formed, showing 
that much more heat passes h into the water at 
site where the clean raw metal water are in contact 


and unlity of coal weed wil Gstermiane Shs annuity of oir Sas 
shoul to produce 
med | best results, and it is quite probable that difference in coal 
ing difference 
easily | air requisite to produce the 


ight of the top of the | gan 


of the s i 

Lonis, Vandalia, Terre Haute, and Indianapolis - 
Peddle states that his practice is to make them 4 

ond Se he teal to be ee eee 
tion of the , and consequently less smoke from 
stack. Another member of your commi 

yoo ps yr the ig 3 bre pan inches above the 
grate, e proportion , with equally satisfactory 
results. We are not réd $0 say Shu’ th piteleman 
of air results in any ms saving of fuel, but | 

appears to be a better consumption of the gases that other- 
wise are an annoyance in the form of smoke. The kind and 


be admitted above the grates in order 


in the quantity of 

it results in their consump- 
tion; ~in — heat, and so far as possible avoi 
smoke, The question is sometimes asked whether it is no 
Yi padi +diyd seal sabes than it the = rar 
given q a given time, wi' 
economy of fuel, on account SE the heat lost by radiation 
from the exposed surfaces of a boiler of unusually 
proportions. In answer to this question, we can only sta 
what the total loss of heat is from a boiler of a given size 
and proportion, under’ certain circumstances. A test was 
made by one of your committee in March, 1875, to ascertain 
the loss of heat by radiation from a locomotive when at 
rest. A freight engine which on a side track near the 
round house was selected. boiler was 51 inches in dia- 
meter at the smokebox, and of the m-top pattern, with 
one dome. The heating surface in the firebox above the 
grate was de ose feet, and of the tubes 826 feet (inter- 
nal surface), the boiler contained 8500 pounds of water 
at three gauges. There was, however, about .two inches 
more than the three gauges of water when the test be- 

. There was no perceptible at the throttle 
safety valve or anywhere about the boiler, which in all its 
parts was perfectly tight, and was co i i 
iron jacket in the usual way. When the test began, there 
was a very light fire in the grate, and the steam 
was 80 lbs. Steam was maintained at that pressure for 12 
hours, during which time the dampers remained , and 
the engine was not moved. No steam was drawn from the 
boiler, nor was there any additional water i in it, and 
there were still three ga at the close of test. The 
—— a of the atmosphere was 50 
with but very little wind. At the expiration of the 12 
hours, the steam pressure and the fire on the grate, as near 
as could be determined, were equal to that at the begin- 
sing, ont. OO ion of coal was found to have heen 
800 Ibs., or at the rate of 25 Ibs. hour. This may be 
considered a very fair test as to Cg an 
quired to furnish heat to replace that lost by radiation, 
under the circumstances named. In “ ly 
when there are high winds, the loss of heat probably 
be much greater, even at the ew cra given. 

Your committee received the wing article, ‘‘ On the 
best manner of ing, ealing, and Wor! Steel 
Plates in the Construction of Boilers,” from Mr, 
echanic, Atlantic and Great Wes- 


will require a correspo’ 


han where the conditions are otherwise. The action of | tern 


water under a steam pressure when steam is being drawn 
from the boiler as fast as it will generate it cannot be 
materially different, so far as the formation and movement 
of steam globules are concerned, from that taking place 
under pressure of the atmosphere only. 

In either case, all passes off that heat will generate under 
the different conditions. We are led to believe, from a close 
observation of the formations of steam globules at spots 


where the water comes in direct contact with the metal, and | of boiler 


that of others where the contact is less perfect, that if the 
surfaces could be kept perfectly clean a very marked 
saving of fuel wonld result, as well as economy in boiler 


We appendas part of ourreport asketch, Figs. 5and6, of the 
































i » which; though not strictly speaking one of 
the subjects assigned us for investigation, yet is close 
connected therewith. Deeming this paper on that su 

one of considerable importance, we present it herewith, and 
embody it as part of this report : 


« Flanging.—In flanging steel, grea tak 
in the heating of the plates, as there is no doubt more steel 
destroyed by overhea than i 

and, as is well known, it is almost impossible to trace to the 
wor. 
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plates have not been sha; 
then the rivetter, if not a skilful workman 
pletes the tion of i 
rivetting , the si 
flanges of the crown sheet first. The seams down the tube 
sheet and door sheet should both be rivetted down from the 
crown sheet at the same time. Lay five or six rivets on 
cach side ——-. By » Aye it dy Ln ~~ the 
wor or buckling is prevented, whatever 
oso | en by the ing on the rivets and 
sheets will be carried down equally on each side, and worked 
out at the bottom of the firebox. 

“The use of drift pins for the of enlarging the 
holes is objectionable and should not be tolerated. 

‘* Caulking.—Defective caulking has much to answer for, 
and should come in for a ny Tomy of close inspection, as 
it is not easi after —s finished. If the plates 
have been well fitted and riv , the caulking should be 
light. The plate, if a to an angle of about 45 degrees, 
will not be required to be caulked up only about one-third of 
the thickness. Heavy caulking has a tendency to spring and 
we Se lap apart, and also Se peeve Seo Gade plate. It 
also breaks the surface or ski the plate, and leaves it in 
the best condition for corrosion to commence its work at 
once. The caulking tool should not be allowed to touch the 
inside of the boiler, as corrosion will cut its own channels 


fast a8 wees the aid of the caulki l. 
‘‘ Stay Bolts.—The matter of stay bolts d be watched 


with care, as upon the proper distribution and fas of 
them depends a share of the ane of the boiler. ‘The 
holes must be ite each , the on 
the stay bolts should be cut up full and smooth ; threads in 


the hole, full. The taps should be sharp, so as not to tear 
out the thread, but to cut it. The stay bolts should be 
screwed into the boiler with a wrench not over twelve inches 
long, 80 as to prevent tension if the bolt should be too large. 
Neither should the stay bolts be loose. A proper guide is 
to have the stay bolt fit in the outside plate, so that it will 
not shake in the hole after it has been screwed into the 
plate three or four threads. The stay bolts should fate 
outside of the plates a quarter of an inch, and should be 
cut off so as to leave a flat surface on the ends. 
ie Day ae yl ara should | ade 
use is pro put in it does not 
i out in the centre, and that has a ten- 
plate from one bolt to the next. The 
bolts should be driven with the ordi | gee 
b tee et the stay bolt. 

** “racing.—The bracing of a boiler in a proper manner 
ts of the ctmost lanpertance, and should be dene hy the hest 
men shop. 

“* The braces from the crown bars to the shell or roof of 
boiler should be of sufficient strength to sustain the whole 
pressure to which the crown sheet is subj They 


should be fitted scourately, #0 hes whan the pine are ost fu 
they will be » but strained 
Braces that 


t and not 





asunder the small part of metal that is left between the 
tube holes after the plate is bored ; and after a short time, 
it shows the nature of the treatment it has received in the 
penitn, & euneens x ing and ing between 
e tube holes. The ion is asked why it is that 
tubes become leaky troublesome in so short a time after 
such an immense mechanical has been 

bear upon them? The answer 
of the material of which the 


ing the tubes the 
jected to th ti EK ok ao ts sd 
e operation over 
with a round-faced hammer to form a kind of flange. 
, gy thing.—It is next rie = a caulking - or pend. 
» CO es or the ° ii 

ae smooth and uniform a ; qnts ater Goats 

close up the fractures cracks that have made their ap- 

goon See tion of ing and turning over 
he end of the tube, and it is then in the best possible con- 

sult to tchn, Anctiet damaging clit of Uo congas 

en e a er ° 

is the impossibility of its uniform use in expanding tubes 

on account of toe caries tion of their bv porn Sy all 


mechanics connected with that branch of business are aware 


of. In conclusion, I would add that one great obstacle to 
the general or al use of steel in the construction of 
steam boilers, is the lack of skilful and intelligent work- 
manship. = urs, 
“Wa. Fuuuer, 
** General Master Mechanic, Atlantic and 
Great Western Railroad.”’ 


ENLARGED SMOKEBOXES AND STRAIGHT OPEN STACKS. 

To the inquiries made in regard to enlarging the smoke- 
boxes, raising the exhaust nozzles, and substituting the 
plain open stack for the usual diamond stack, we have re- 
ceived but few replies. 

Mr. James K. Taylor, Master Mechanic of the Old Colon; 
Railroad, states that the plain stack was used on that al 
several years without any netting. The exhaust pipes 
were raised to the top of the smokebox, and a sub-treasury 
or sparkbox was attached to the bottom for the reception 
of ike specks ; but that the arrangement was abandoned for 
the reason that it was not proof against the danger of fire 
along the road. 

The fuel used was bituminous coal. 

Mr. William Woodcock, of the Central Railroad of New 
Jersey, states that in the anthracite —. engines 
on that line, the plain open stack has been adopted in place 
of the diamond stack. The exhaust nozzles are on a li 
with the top row of tubes, or higher, and a cone of wire 
netting extends from them to the top of the smokebox. 
This ent has worked very , 

Mr. F. M. be ig a ,t = Division of the Erie 

i — that straight open stack gives better 
results, both as to economy in fuel and in the steaming 
quality of the engine, and that he has the opening 
in the top of the diamond stacks with very good results, 
with engines burning bituminous coal. 

In several engines of the Jeffersonville, Madi- 
son, and Indiana Railroad Company running between 
Louisville and New Albany several years , the plain 
open stack was used, with a modification of what is known 
as the Smith’s patent in smokebox, consisting of a cone of 
—— iron extending from the exhaust nozzles to the 


of the stack, surrounded bya case or lifting pipe. This 
arrangement answered the purpose so far as draught and 
steaming are concerned, but small particles of coal and cin- 


ders wae ae from the ~~ to such an extent as ae 
more or less of an annoyance pag > ears» en 
the car windows were open. r a year’s trial this ar- 
rangement was removed from the smokebox, and the 
exhaust pipes raised on a line with the top row of tubes, 
and wire netting of 34 by 34 meshes per inch placed across 
the smokebox above the tubes, and fitting around the ex- 
haust nozzles ; a sparkbox was added to the bottom of the 
smokebox with a self-closing valve in the bottom. This 
has been in use for the past two years with 
entire satisfaction. The engines steam 


more 
before, and all from the dust and cinders from 


loaded. | the stack is avoided. The short runs of six miles each 


give opportunity for emptying the] spark-box whenever 
1 t referred to above as a modification of 


on the 
2 Tho colieney 


cept that, in the case of both, small round cles of coal 

i were sometimes thrown from stack in quan- 
tities to be an . , however, was ay 
co! to the use of “‘ block’’ coal. en Pittsburg 
coal was used, the smokebox was comparatively clear of 
sparks, coal, or cinders ; not much of either was thrown 
from the stack, the draught always being , and the en- 





ing the tube, all mechanics |i 


freely than | coal, 





Fosuite ween Cue Kind ‘of coal wes , did not do so with 
After s year’s trial, the diamond stack was substituted 


the steam pipes, the nozzle of the exhaust pipes 
a few inches above it. From the forward This 
iron plate a wire netting extends horizon about 30 in., 
then vertically to the top of the smokebox, so that no sparks 
or cinders eee ee eee except such as 
passed through meshes of the ing. 
The tests were made with two engines hauling 
trains over i 40 division. Engine 24 cylin- 
ders 16 in. by 24in. and 5 ft. drivers. No. 21 had 16 in. by 
22 in. cylindersand 5}ft. drivers. Their average weight 
with tender was 42 tons each, and the average number of 
cars hauled by each was 44, and the total weight of each 
: ine and Ay Po bg = = by each, 
miles; speed, abou miles per hour when running. 
The exhaust was through a single nozzle 4 in. in diameter. 
The results in the case of these two engines were so nearly 
alike that we give the yy of the two. 

Cc used in running miles, 11,580 Ib. ; ee of 
sparks taken from the reservoir in smokebox, 1300 lb., or 
nearly 114 per cent. of the total weight of the fuel put into 
the firebox. It was found that a bushel of these sparks as 
taken out, struck measure, weighed pounds. Three 
bushels of these sparks were burned on a small grate ina 
brick furnace in the course of three hours, by a light blast 
of air admitted under the grate, to ascertain what propor- 
tion of their weight was combustible material. They Sanned 


line | with heat sufficient to melt the end of a wrought-iron poker 


short time after putting it in, and after the furnace 
cinders, and débris 


ina 
cooled down the weight of the ashes, " 
was a fraction lar tion 12 per cent. of the whole, prone 
that 88 per cent. of the weight of the material 
through the tubes by the draught was combustible. 

ns of the caginoe after runing the 208 miles were 925 Ib. 
pans of the engines running the were be 
or 8 per cent. of the weight of coal used. This added to 
the weight of the sparks, — 19} per cent. of the coal used 
by the engines, which, so far as generating steam was con- 
cerned, served no useful purpose. 

With the comparatively light trains hauled, and a 4 in. 
exhaust nozzle, itis not probable that the quantity of sparks 
carried to the smokebox was any greater than usual. Mr. 
Peddle states it to be about an average, and that on several 
previous occasions, with trains one-third greater and fast 
runs, the weight of sparks taken out of the box was 50 per 
cent. greater for the same distance run. 

Keath Cohag thy 

0! in these engines goes e e 
smokebox, and that it is a little more than double the 
volume there, that it was when put into the firebox, or about 
25 per cent. of the total volume of coal used. These bei 
the facts, it will be seen that in burning this or similar . 
we must provide store room for one shovelful of sparks for 
every four shovelfuls of coal put into the firebox ; or arrange 
the — stack so that it will be thrown out. 


*of the State of Ki ky, and made a mileage of 438 
the State entucky, a mi o! 
Piles with trains of the same weight and speed, as in the 
former trial, with results almost identical with that given. 
The engines steamed more freely with the Ashland than 
with block coal, but the proportion carried to the smokebox 
was about the same. 

We have had no opportunit; to test the coking coals used 
in Ohio lvania, but infer the proportion carried 
to the smokebox from the use of those coals would be con- 


without being burned ; and there are dow 

tities of very fine particles 
throngh the netting out into the air, in addition to that re- 
ined in the smokebox. From our observation we 
robable, on an average, that at least 30 pax cont. of 
Foal ened by engine beneiag tibeanisens in this country 
is wasted in the way referred to above. Can this fuel be 


retained in the firebox until consumed there, giving out its 
due proportion of heat for useful effect, and how, are ques- 
tions deserving a solution. 


submitted, 7 

C. BR. Weuus, Jeffersonville, Madison and Indianapolis 
Railroad. C.B. PEDpuE, Terre Haute and Indianapolis 
Railroad. 8. J. Haves, Lllinoi Railroad. 8 
M. Cummines, Pitts 


, Fort Wayne, and Chicago 
Railroad. L. 8. Youne, > 
and Indianapolis Railroad Committee 


Cincinnati, 
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THE WEAR OF RAILS AS AFFECTED BY 
THEIR QUALITY.* 


(Continued from page 521.) 
order to discover, if possible, the causes of the marked 
dihecce in the wear ot these valls I endeavoured to 
ascertain from the makers the method employed in their 
manufacture. I was able, however, to obtain factory 
information only in the case of the “‘ B’”’ rails and the steel 


e pile for the B rails is as shown in Fig. 3. It will be ob- 
served that all the pieces, except one course, are of the full 
width of the pile andof uniform thickness ; the top slab 9 in. 
by 1} in., is rolled from the best forge puddled iron ; the 
second slab is rolled from a pile in which the upper half is 
of the same material as the head-piece, and the lower half 
old rails or puddled iron, thus the thickness of the 
head-iron in the finished rail equal to that due to a head- 
piece 1f in. thick or 21 per cent. of the whole pile, though, 
of course, there must be a lack of continuity in t 

ion due to the weld between the top and second slabs. 
The two following slabs, which form the stem are of old 
rails or puddled iron rolled into bars 9x14 in. Next comes 
a course formed of two flats 44x#in., which are the rail 
ends cut off at the saws down, and, finally, a 
flange piece of goodiron also 9X 14 in. 


.- F. 








This is certainly an excellent pile, containing few welds 
in the final'pile, and the slabs being nearly all of uniform 
thickness, the heating will take place equally throughout. 
It is somewhat more costly than usual, owing to the fact 
that nearly the whole pile is of reheated iron, but the wear 
of the rails ap to warrant the additional cost. 

The puddled steel-topped rails were rolled from quite a 
different pile. Instead of the welds being horizontal, as in 
the B rails, they were all vertical, as wow wes f Fig. 4. 

As in the ing case, the flats employed were nearly 
of uniform dimensions throughout, being, with the exception 
of a single course of billets, put in merely to enable the 
roller to distinguish the iron side from the steel, 3} in. and 
4 in. x} in. 

The shown cross-lined were of the puddled steel, 
and as they form half the pile, the entire head was of this 
material, and furthermore no cross-weld occurs in that 
portion of the rail—a fact which greatly lessens the tendency 
to lamination by which rails from horizontal piles usually 
fail. To secure more perfect welds between the bars, these 
rails were returned to the heating furnaces after having 
= through three or four grooves at the rolls and again 

rought to a welding heat, or, as it is technically called, 
‘*wash-heated.”” This operation, if properly performed, is 
undoubtedly of great value, and should be more youn 

ractised. The demand for the cheapest rail, however, 
prevents it. 

The method of piling and heating are, of course, not 
the only elements that determine the durability of a rail. 
It is sufficiently well known that the q ity. of the 
iron yey has a most important influence. To throw 
some light on this point, the following analyses were made 
of the metal forming the heads of the rails in question. 
The actual samples taken for analysis from the A and C 
rails, respectively, had borne 281 and 206 million tons at 
one mile per hour ; the C rail, however, having required 


mending after 129 million tons. The sample steel top was 
ery a rail having defective flanges and therefore never 
A. C. Steel top. 
Eioopharas em oe 837 546 = .275 
Sulphur ind ... traces traces 
Silica... avi Ass 416 .883 643 
Carbon ... = .090 096 075 


It will be observed that phosphorus is present in ti 
samples in the inverse order of their merit, and also 


very 

ly due to slag. The carbon in eac 
same, showing that it is not so much the absolute quan- 
tity of this element that is important as the manner in 
which it is combined with the iron, the fracture of the steel 
, being of a fine ae while - a = 
iron : moder of phoe- 
horus is probably desirable in the Seakieen, ait tends to 
harden it. but with an increase of this element the iron 

= pp -_ and brittle. 
_As a ma‘ interest the following analysis is here 
given of the head of one of a lot of 45 Ib. lish rails laid 
in 1836 and taken out in 1868, which pro! sustained 
over 400 millions of tons at one mile per hour—one of 
— old lots of remarkable quality of which we frequently 


A sis of Frenchtown 45-lb. Rails. 

. id 1836; taken out 1868. 
Sulphar ... 
Silica... 


-326 
* Contributed to the Rail Committee of the American 
Society of Civil ineers, by Mr. F. J. Slade, in 
to its request for information. 
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These old rails were afterwards worked into bridge rods 
of excellent quality. 

The next which I have to present relate to the 
results of wear on the Philadelphia i 


the average endurance of 
— as to the relative value of any 


e. 

_The method adopted in arriving at these results was 
different from that em: in the case of the Philadelphia, 
W , and Baltimore Railroad, being, in short, a 
oe of the annual destruction of on the entire 

with the annual tonnage over the same. 

The reports of the company give very complete tables, 
extending over a period of 25 years, containing, first, the 
number of tons of rails removed and the number relaid 
each year ; second, the total weight carried of each class 
of traffic moved one mile, and the average weight of trains 
for each, in each year; third, a grand total of the weight 
of cars and tieir loads of every description moved one ’ 
which serves as a check in making up, in separate classes, 
the traffic of the road as otherwise re. 

It is obvious that the renewals of rails in one year repre- 
sents approximately the destructive effect of an average 
year’s traffic during the period in which such rails have been in 
use, and though, from special circumstances, the amount of 
iron relaid may be exceptionally large or small in any par- 
ticular year, yet when these — are taken for a 
number of consecutive years they must give exactly 
measure of wear caused by the traffic. On this principle, 
therefore, the facts in this case have been made up based 
on the reports of traffic from 1850 to 1874, a period of 
twenty-four years. A certain correction, however, is 
— os low oor" the fact that the _ I —_— 
co ly leasing and incorpora‘ wii er 
lines, the iron on which is psa Base Po require hea 
renewals, due to previous traffic, not, of course, incl 
in the reports, and an addition has been made to the traffic 
to represent this excess, according to the best information 
that could be obtained on this point. 

The class of traffic on this road is very different from 
that on the one just considered, 75 per cent. being coal 
traffic, 18 per cent. freight, and but 7 per cent. b 
The s for the different classes is taken as 12 miles per 
hour for the coal, 15 for freight, and 30 for enger. 

It is noticeable in comparing the results for the various 

that there has been a decided decrease in the en- 
urance of the rails, during the period under consideration, 
the present ity of the fer A, rere a tly not more 
than two-thirds of that of the earlier rail, and this notwith- 
standing that a heavier rail is used than formerly. The 





a 


Qa a 





The rail pile, Fig. 8, is heated and rolled into a bloom 
5 in. high by 6 in. wide on the base, and 5 in. on top, and 
is then charged into a re-heating furnace and wash-heated, 
ay to the final — 

e use of puddled iron with the old rails in the bars for 
the body of peo intended to keep the iron fresh, and 
insure good welding, while the th h working of the 
head iron, and, above all, the wash-heating, should insure 
eyo yo made 

& num cases experiment was of rolli 
the pi 5 ae, See So ee ee so as to bring the 
welds vertical instead of horizontal. The rails so rolled 
are designated by the letter ‘‘ V”’ in the f Table ; 
but the results do not afford satisfactory information 


as to which method is to be 

The traffic ing over these rails was given me Mr. 
Coxe, in the Ye of the net load carried of all ki to- 
gether. From the data furnished by the annual rts 


of the company, I have subdi the traffic inte the 














present pattern of rail weighs 68 lb. per , and is of the | several classes, added the weights of engines and cars 
ection marked “ F”’ in Fig. 1. At points where the traffic multiplied by the assumed speeds. -— 
F Number Tensile Strength in Poun uare Average 
mg of Iron for Heads. S a, vane ta 8q Inch, and Tonnage at One 
Rails. Mile per Hour. 
A'B 3 |Robesonia: V ove ..| 58,138: red-short ... eve mee os ove 182,000,000 
Ax 2 |Bethlehm .. .. «..| Tendency ,, « .. .. .. se "| 967;000,000 
A'B 5 eee A See ome on, 
A' 2 |Lebanon Valley... ..-| 68,958: red-short ... a bee od one "| 851,000,000 
B 2 |Bailey, Lang, and Company| One-eighth blister steel mixed with pig in puddling “"'| 368,000,000 
A‘ 8 |Temple wos, tes, . eee” PE ont”, ose © abe” dag sy, 408,000,000 
A‘B 4 |Monocacy: V 61,546: tendency short «| 412,000,000 
AB 3 |Temple: V ... Seka gaits (Ese Sms Sp "| 423,000,000 
A’ 3 |Robesonia ... eee ia ‘oe od 423,000,000 
A'B 4 |Lebanon Valley: V ahi <TR, BMA EAC Men 
8 1 |‘ Excelsior’’ ... ove Puddled steel headed ose * ins oe ...| 489,000,000 
x 5 |Perry Forge ... ...| Charcoal bloom rolled into solid head ... be +..| 445,000,000 
A™B 3 |Swede: V_... oe. «| 54,373: neutral _... on al a ove 000,000 
AB 2 |Chestnut Hill: V ... ..| 51,709: very cold-short ... esi ee pa 000.000 
A"B 1 |Norristown: V_... ++| 46,306: very cold-short... ae oon ove 000,000" 
A’ 8 {Thomas wa Oa H4: ioe ae ba iis aie za ws ,,,| 496,000,000 
AS 1 |Leesport deo ba ...| 56,612: cold-short ... ink ‘i ae a ...| 515,000,000 
A‘B 2 (/Glendon: V... és | 65,504: neutral tendency to cold-short ... be ...| 526,000,000 
A®B 4 se il a. os He a bes ve ye. see «.| 557,000,000 
AS 8 |Glendon me Peis ape ay ais ‘Ae ‘et We on ee ...| 375,000,000 
AB 3 |Marion: V ... i | 44,908: cold short...  ... rt ia Jat ...| 595,000,000 
Average 435,000,000 

















is light a 56 Ib. rail marked “‘E” is used. The standard 
Tascncnes selhd of sation Guchie, ts aalien siatad 
a weig! m during en 

would be probably 62 Ib. to 64 pues Dees and the a 

weight of traffic which has sufficed to wear them ont is 1 
illions of tons at one mile = hour, a somewhat lower 

amount than the a e for the Philadelphia, Wilmington, 
From Mr. Coxe, the superintendent of the new 

mill of the Philadelphia 


number of sample rails rolled at their works from different 

irons and from slightly different piles, and laid in the down 

track of the road opposite the rolling mill at Reading. 

_ In this position 61 por cont. of the tenlllo te coal, 14 per 
t, 


cent. freight, and 5 per cent. ¥ 

T auapadnshens aheptel wh thane works, and 
crag fs sad tos nase rane, Geant Bes 
i elsewhere, t experiments here 
elven talon icate that the rails are of excellent quality. It 
ene ee ee ee eras mage 
few rails laid w were subject to-inspection, 
we should therefore look for a better result than the average 
for an entire line. : ; 
The pile employed for the rail is, as shown by Fig. 8, 





Steel and Steel-Headed Rails still in Use. 











‘Number Tonnage 
of Rails. Make. Character. te ada, 
3 |Barrow ...\Solid steel ... _...684,000,000 
4 |Booth ...|Bessemer steel cap put 
on ves aee ee 884,000,000 
10 |Butcher _...|Steel head see «(884,000,000 
4 |Amsterdam |Bessemer head... _ ..:\676,000,000 
1 |Ralston ...|Codorushead ... _...|667,000,000 





It will be observed that the irons for the heads of a cold- 
short tendency gave a better result than red-short irons. 
Thus the cold-short irons averaging 56,278 lb. per square 
inch tensile chvengits bere, en Dioawsengs, OF sainn fos 
while the red-short i of 61,046 Ib. average tensile 
ion tons traffic. It is not true 
rail, but 

iron 
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